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‘Recent Exper iyl‘filéntal S‘tudieﬁsi ‘of Exotic Nuclei
A, A:r Korsheninnikov -

' RIKEN, Hirosawa 2-1, ‘Wako, Saitama 351-0198,
Japan :
On leave from the Kurchatov Institute,
Kurchatov sq. 1, 128182 Moscow,
Russia

A review of recent experimental studies of exotic nuclei will be presented.
During last years, many interesting experiments were performed in this field.
Some of the topics stand out in comparison with other experiments as being

~ the most hot or sometimes problematic, and such selected topics will be
‘ rev1ewed Namely, the following topics will be discussed:

- investigations of the °C nucleus structure;

- the two-proton halo in "Ne and the structure of this nucleus, :

- recently discovered two-proton radioactivity and correlations of emitted
protons;

- a long standing problem of spectroscopy of ‘H;

- a controversial situation in spectroscopic studies of 5H, where many

- experimental results have been recently obtained;

- a search for superheavy hydrogen "H;
- a situation in spectroscopic studies of excited states in "He, where pre-
viously existing problems were recently settled.
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- .Exploring halo-excitations via:correlations: -

RNBT (Russian-Nordic-British Theory) Collaboration
B.V. Danilin!, J.S. Vaagen?, M.V. Zhukov3, S.N. Ershov* and I.J. Thompson5,

1The Kurchatov Institute, 123182 Moscow, Russia,
2SENTEF, Department of Physics and Technology, University of Bergen, Norway,
3 Chalmers University of Technology and Goteborg University, Goteborg, Sweden,
. 4JINR, Dubna, Russia,
5Department of PhyS1cs University of Surrey, Guildford GU2 7XH, U.K..

- Email: %jans. vaagen@ﬁ uib.no .

General propertles of the ground and three—body scatterlng states of Borromean halo nuclei
are explored in a core + n + n three—body model using the method of hyperspherlcal harmonlcs
with realistic binary interactions, for the testbench nuclei 6He and R Drﬁerent ‘criteria for
resonance phenomena in three-body contlnua [1] are discussed. '

Amplification of continuum crosssections may be caused by, - :

i) True threée-body resonances, -which are due to interaction: of all three particles in the
interior spatial domain; :

ii) A long lived binary resonance in one of the constituent pairs; . .. :

iii) The response of an extended system to the long—range transrtlon operators used to excite
the continuum;

iv) Resonances due to strong coupllng between channels (CC resonance 1n a few channels)
or parametric resonance in quantum d1ffus1on with complex coeﬁiments

We have developed methods of continuum diagnostics: SRR

i) Analysis of the multi-channel three-body effective mean field to explore existence of possible
bound and resonant states;

ii) Search for resonance behaviour in interior norms of the continuum wave functions revealed
in transitions to continuum states in nuclear reactions;

ili) Analysis of eigenphases of S-matrix for 3— > 3 scattering for possible existence of three-
body resonances. '

Progress in theoretical and experimental studies is being made by exploring the structure
of the halo continuum in terms of two-dimensional energy correlations of constituents, from
inelastic and charge-exchange reactions and electromagnetic dissociation of the SHe and 'Li
nuclei. General analytic properties of three-body scattering and transition amplitudes as well
as analysis of spatial correlations (2] give helpful unique signature of the three-body resonance
nature of the bumps in excitation functions. The intrinsic correlated structures of the continuum
reveal three-body 2, 24, 17 resonances in ®He, 0F, 0] resonant structure in 11Li, and a lack
of resonant structure in soft dipole and monopole excitations in ®He and in the 11Li soft dipole
response.

1. B.V. Danilin, I.J. Thompson, M.V. Zhukov and J.S. Vaagen, Nucl. Phys. A632 (1998)
383 v

2. B.V. Danilin, T. Rogde, J.S. Vaagen,l.J. Thompson and M.V. Zhukov , Phys. Rev. C69
(2004) 024609




In’te_rac'tilon_‘ at,t}he’”‘bai'i'ier with y;!‘lF, ylflgBe? fLi: fusion, breakup, scattering
SIS 'f'zontoz‘??Pbi:z??Bi«t‘argets. . I
C.Signorini

Physics Depdrtmenf of the Universi’ty and INFN, via Marzolo 8, 35 1 31 Padova, Italy
e-mail: signorini@pd.infn. it '

Systematic experiments has been performed by our group, at Coulomb barrier energies, onto
208p and 2 Bi targets with radioactive ion beams: 17F (8,=0.60 MeV) scattering, B¢ (halo nucleus
with S,=0.50 MeV) fusion, and ®Li (Sapna=1.47 MeV, the less bound stable nucleus) breakup. The
main goal is to see whether the small binding energy, sometimes connected to the halo structure,
influences the whole interaction process. ' : ‘

- The fusion cross sections in 11Be+2%98i [1] do not differ too much, in the whole energy range,
from the ones induced by *Be and astonishingly also by 10Be, ,well bound, at difference from
expectations. ' §

In SLi+*°*Pb [2] the breakup process proceed mainly via the so-called “stripping-breakup”,
i.e. with only one particle (alpha) in the exit channel and not two (alpha and the deuteron) as
expected . If something similar happens with B¢, as realistically extrapolated, this fact could
partly explain the “normal” fusion of B¢ similar to the *!°Be ones (the real “two-body” breakup
process is week and does not influence fusion?). :

The "F+2%Pb system: a) its fusion cross section is reported very similar to the "*F+*®Pb one
[3] i.e. rather normal, b) the scattering data measured recently by us [4] give a total reaction cross
section relatively small, comparable to what measured with the well bound nucleus '°0; i.e. the
breakup process seems to be not so strong. : ,

~ From these various experimental data we can conclude for the moment that the breakup
- process does not influence too much the whole interaction at the barrier contrary to the
expectations.  Several ' theoretical approaches explain, on different basis, these results but an
“ynified” theoretical description is still missing or maybe is too complex for the moment.

References

1 - C.Signorini et al., Nucl.Phys.A in print

2 - C.Signorini et al., Phys.Rev.C 67(2003)044607
3 — E.Rehm et al., Phys.Rev.Lett. 81(1998)3341

4 — M.Romoli et al., Phys.Rev.C submitted
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' High precision mass measurements of *~3¥Mg and "'Li -

using the MISTRAL spectrometer at ‘CERN-ISOLDE

C. Thibault!, G. Audi?, C. Bachelet!, H. Doubre!,
C. Gaulard!, C. Guenaut? : F. Herfurth,?, D. Lunney!, M. de
Saint Simon?, N. Vieira ‘and the IsoLDE Collaboration.

10SNSM-IN2P3-CNRS, Université Paris Sud, Bat. 104-108, F-91405 Orsay-
campus, France ‘
2CERN, EP Division, Geneva, Switzerland

". . High precision mass measurements have been performed on the very neutron-
- rich 2-%Mg and ''Li nuclides using the MISTRAL radiofrequency mass spec-
trometer, especially suited to.very short-lived nuclides. This,method; com-.

bined with the powerful tool of resonant laser ionization at CERN-ISOLDE

has allowed to significantly reduce the uncertainty in mass of these nuclides. o

An accuracy of about 6x10~7 could be achieved for the weakly produced
33Mg (T1/2=90.5ms) and "'Li (T} /2=8.75ms). All these nuclei were selected
as they stand in regions of special interest.

The isotopic chain #~33Mg crosses-the N = 20 line which is a shell closure
for heavier elements, but not for light ones as sodium and magnesium. The
results obtained by MISTRAL allow to. better study the shell gap evolution

around N = 20 for magnesium isotopes. In particular, shifts of the order ‘
of respectively 125 keV and 250 keV have been observed for the masses of

32,33\g as compared to the previous adopted values.

The borromean nuclide !'Li is known as a halo nucleus in which two neutrons
stray very far from the 91 i core. In order to understand the value of its radius,
which is as large as that of “8Ca, three-body nuclear models are required. A
critical input parameter of these models is the two-neutron binding energy.

The MISTRAL measurement not only improves the accuracy on the mass by .

a factor 4 (up to 5-6 keV), but also results in a value shifted by about 70
keV. These data bring new constraints to current theoretical developments.
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-~ From elastic scattering to sub-barrier fusion with exotic nuclei

N.‘Aiam;inds; N. Keeley and V. Lapoux -

CEA/DSM/DAPNIA/SPhN Saclay
91191 Gif-sur-Yvette Cedex, France

K. Rusek

~ Department of Nuclear Reactions,
The Andrzej Soltan Institute for Nuclear Studies;
‘ Hoza 69, 00-681 Warsaw, Poland
A. Pfikou

R

Department of Physics, The University of Ioanhina, 45110,Ioannina,v Greece

The detailed study of unstable nuclei has been at the forefront of nuclear
: phy5|cs research for the last years. With the continuous improvement of the intensities
and. optical ‘qualities of secondary radioactive beams, mechanisms such as Coulomb
excitation and more recently elastic and inelastic scattering, transfer and knock-out
reactions are rapidly becoming standard tools for the invesfigation of the structure of
nuclel far from stability.’ . :
~ "Here we are concerned essentially with the snmplesf of these processes, that is
elastic and inelastic scattering for which we will present recent experimental results
~and. we will discuss briefly theoretical developments aiming at obtaining nuclear
 structure information.

We will discuss also the role played by entrance channel potentials in the case of
sub-barrier fusion involving weakly bound nuclei. Indeed, with the advent of the
radioactive beam facilities, the interest in such studies with halo nuclei was renewed
due to their specific features, like extended neutron densities, low-lying continuum, and
also very low energy thresholds for break-up. It is expected that such features should
appreciably affect fusion, as other reaction processes.
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* Structure of light exotic nuclei in Fermionic Molecular. Dynamics

H. Feldmeier!, T. Neff*, R. Roth?

1 Gesellschaft fiir Schwerionenforschung, Planckstrafie 1, 64291 Darmstadt, Germany
2 Institut fiir Kernphysik, TU Darmstadt, Schlossgartenstr. 9, 64289 Darmstadt, Germany

e-mail: h.feldmeler@gSJ.de : http://theory.gsi.de/ " fmd

The structure of light nuclei up to the drip lines is studied using the Fermionic Molecular
Dynamics model (1]. The calculations make no a priori assumptions about a core or single
particle-states and energies. The many-body states are described as parity and angular mo-
mentum projected Slater determinants. The single-particle states are given as a single or a
sum of two Gaussian-wave-packets. The position and width of each Gaussian wave-packet and
the orientation of the spins are the variational . pa.rameters FMD states are able to describe
shell-model states as well as cluster-model states or states with halo structure.

Intrinsic states are obtained by minimizing the energy under constraints on radius, dipole,
quadrupole or octupole deformations. In the spirit of the Generator Coordinate Method we ob-
tain ground and excited states by multlconﬁg-uratron calculations w1th these panty and angular
momentum projected intrinsic states. ~ :

The same effective interaction derived from the reahstlc Bonn-A or the Argonne V18 inter-
actions is used for all nuclei. It includes the short-range central and tensor correlations induced
by the repulsive core and the tensor force by means of a unitary correlation operator [2]. The
correlated interaction no longer connects to high momenta and can thus be used directly within
product-state model spaces. The effects of three-body correlations and genuine three-body
forces are s1mu1ated by an addltlonal two—body force that contalns momentum—dependence and
sp1n-orb1t forces. :

Within this model we study nuclei in the p-shell. In the He-isotopes the soft;—drpole mode in
form of ground-state- correlations is found to be necessary.for an understanding of the experi-
mentally observed borromean behaviour of the binding energies and for the matter radii: The
soft-dipole mode is also found to be important in other halo nuclei like g

-In many nuclei cluster structures are found and allow a description of observed radii and
quadrupole moments. The Be isotopes, change thelr charge dlstrlbutlon quite subst;antlally when
.a.ddmg more and more neutrons ’ . .

In 12C the intrinsic structure of the ground state rotational band is found to be an inter-
polation between a shell model and triangular a-cluster configuration. We are able to describe
the binding energy as well as radius-and the B(E2)-value for the 0% to 2% transitions. With
increasing neutron number the clustering is reduced and for !6C we find an almost round proton
distribution and consequently a very small B(E2) value.

1. T. Neff, H. Feldmeier, to be published in Nuc. Phys.” A, nucl—th/0312696.
2. T. Neff, H. Feldmeier, Nuc. Phys. A713 (2003) 311.
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Masses, half-lives ; ‘spins | and' decays of exotic nuclides

' G. Aud1a ‘AH. Wapstrab 0. Bersﬂlon J. Blachot® and C. Thibault*

2 Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse, CSNSM, IN2P3-CNRS&UPS,
' Bitiment 108, F-91405 Orsay Campus, France
Y National Institute of Nuclear Physics and High-Energy Physics, NIKHEF, PO Box 41882,
, .- 1009DB Amsterdam, The Netherlands
¢ Service de _Physique Nucléaire, CEA, B.P.:12, F-91680 Bruyéres-le-Chdtel, France

- Abstract v

InDecember2003 afull collection of atomic masses, AME2003, was published, based
on an evaluation of experimental masses. This evaluation compared to the preceding
-one of 1995 (AMESS) contains data obtained in several new ways. While evaluating
-the atomic masses it was found essential to create the NUBASE evaluation. We finally

~succeeded in having AME and NUBASE co-ordinated and published for the first time
" together.

- Masses of several very proton-rich nuclides are now determmed by Penmng trap
- and Schottky mass spectrometry methods. Investigations of the decay energies in.the
same region, up to the drip-line, where both alpha and proton decays compete, provides
data for long o-decay series. Quite often, the properties of the proton.decay of these
~ nuclides yield a good estimate of the spin and parities of the decaying levels. Particularly
interesting are nuclides in which both ground-state and isomer decay by proton emission,

* since precise determination of the excitation energy of the isomer can be determined. In

- several cases, data have been obtained on chains of isomers in such series. In some cases

.., iit becomes clear that earlier measurements thought to apply to ground-states in reality
" belong to upper isomers. Also, knowledge of the decay of nuclides at and beyond the

. proton dripline put a stringent constraint on the mass-surface, very far from stability.

‘.. The surface of masses on the neutron-rich side, reveals now very clearly that one "
maglc number namely N'= 28, is vanishing while movmg away from the prevxously =
.known close to the stablility, nuclides.

Recently, the relevant authorities accepted the ewdence for the discovery of element

110 so'that a name could be proposed. -Similar evidence for elements 111 and 112,

v-,already discussed in our 1995 evaluation, may soon be recognized too.

Abstract submitted to the EXON-2004 conference
http: /fWWW.j jinr, rw/exon2004/
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- ..New mass measurements at the neutron drip-line - ' -

H. Sava_]ols B. Jurado w. Mlttlg, C.E.Demonchy, L.Giot, M. Rousseau P, Roussel Chomaz
' AVillari, A.Khaouaja -
GANIL (DSM/CEA IN2P3/CNRS), BP 5027, 1 4076 Caen Cedex 5, France

‘ Y.E. Pen10nzhkev1ch S. M Lukyanov
FLNR,JINR, Dubna, P. O. Box 79, 101 000 Moscow, Russia

A. Gillibert o
CEA/DSM/DAPNIA/SPhN Saclay, 911 91 sz sur—Yvette Cedex, France

M. Chartler ‘
Department of Physzcs University of Liverpool, Guzlford Surrey GU2
' 7XH, United Kingdom

Z. Dlouhy, J. Mrazek D. Baiborodim .
NuclearPhyszcs Instztute ASCR 25068 Rez, Czech Republzc

, A Lepine-Szily - -
‘ IF USP- Umverszdade de Sao Paulo, C.P. 66318, 05389—97 0 Sao Paulo
V Brazil :

The evolution of shell closures far from stability is a.subject of much actual debate.
Deformations, shape coexistence or variations in the spin-orbit strength as a function of the
neutron to’proton ratio could provoke the modification of magic numbers. Expenmentally,
nuclear binding energies are very sensitive to the existence of shells and may provide clear
signatures of shells closures. Such measurements (SPEG91[1] and- SPEG99[2]) have already
given a clear signature of the breaking of the N=20 maglclty and have shown a change in
shell structure around N=28.

More recently, a new mass measurement expenment (SPEG02[3]) has been performed
to extend mass beyond the N=20 shell gap, at the neutron drip-line. As a result, the mass
resolution of around 20 neutron-rich nuclei has been improved and the masses of more than
15 neutron-rich nuclei have been determined for the first time. The region covered presents a
considerable interest to determine both, the boundary of the island of inversion, responsible

for the breaking of the N=20 magicity and to extend rnassmeasur'e‘ments around N=28.

[1] N.A.Otr et al., Phys. Lett. B258, 29 (1991).
[2] F.Sarazin et al., Phys. Rev. Lett. 84, 5062 (2000).
[3] H.Savajols et al., E364 GANIL experiment .




LT A New Approach in Building of the Intrinsic Neutron-Neutron.
N ; Correlation Function for Borromean Halo Nuclei
M Petrascu, A. ‘Constantinescu, I. Cruceru, M: Giurgiu, A, Isbasescu, H. Petrascu, C. Bordeanu
, Horza Hulubei National Institute for Physics and Nuclear Engineering P.O.B. MG-6,Bucharest, Romania
I. Tanihata, T. Kobayash1 K Monmoto K. Katori, M. Chiba, Y. Nishi, S. Nishimura, A. Ozawa, T. Suda, K. Yoshida
°" " RIKEN, Hirosawa, 2-1, Wako, Saztama Japan

It was predlcted in ref, [1] that, due to the very large radius of 'Li, and due to the very low binding energy of the
halo neutrons, one may expect | that in a fusion process on a light target, the halo neutrons may not be absorbed together with
" the °Li core, but may be emitted in the early stage of the reaction. Indeed, the expenmental investigation of Si(''Li, fusion),
has shown that a fair amount of fusion events [2] are preceded by the pre-emission of one or two halo neutrons. In ref. [2]
was also found that in the position distribution of the pre-emitted neutrons, a very narrow neutron peak, leading to
transverse momentum dlstnbutlon much narrower than that predlcted by COSMA model [3}, is present. Following the
preliminary observatxon of comcxdent neutrons in this narrow neutron forward peak, it was decided to perform a new
experiment aiming to investigate the neutron pair pre-emission in conditions of much higher statistics, by means of a
neutron array detector [4]. The new experiment [5), has confirmed with better precision the existence of the narrow neutron
peak, correspondmg to a solid angle of ~9 msr. Within this peak, a large number of n-n coincidences were observed for ''Li
[5], by comparmg the data obtained with ''Li and with °Li beams. Therefore a neutron correlation analysis, based on event
by event measurement has been undertaken [6]. A thorough analysis of the array detector performances through a complete
simulation by using the program MENATE [7] was also performed [8,9]. Soon it was observed that there are serious
problems with the building of the correlation function, due to the presence of residual correlation of single detected halo
neutrons, first mentloned in ref. [10}.- Additional direct expenmental evidence for residual correlation was presented in [8,

11]. As it is known the n-n correlatlon function is sensitive to the 7, = J—ro separation bétween the neutrons in the halo,

ro bemg the variance of Gaussian source assumed in the model of ref [12]). We have found that r,=5 fm, (close to the value
obtained in ref. [13]), in the case the denominator of the correlation function was built by taking a random distribution of the
detectors within the array. In the case we took a distribution of detectors not a random one but a partlcular distribution
* corresponding to the measured sample of n-n coincidences, we have found ro= 4.2 fm, close to the value obtained in ref.
[10]. We mterpret the dlfferent values obtained for 7y, as being due to the neutron residual correlation effect [8]. In ref. [10],
an iterative method was. 1ntroduced in order to compensate for the residual correlation. By iterative calculation resulted r,
- =2.7+0.6 fm, close” the value predicted by COSMAy; model [3], (denoted by Cy in Fig.1). By applying the iterative
calculation we obtained r=3.3£0.8 fm[8, 14] close to the value predicted by COSMA|model [3], (denoted by C, inFig. 1).
As can be seen in Fig 1 (ii), there is not possible to distinguish between COSMA| and COSMAy;, by using the iterative
method because the errors in this method are very large [8,14). We consider that at present, will be a challenging task to try
to distinguish between the 7, values predlcted by COSMA| and° COSMA| models, by using a new lpproach Such an
approach appears to be an, experiment aiming to determine the intrinsic correlation function by using 'Li and ""Be halo
- nuclei. The nucleus ''Be will be an ideal uncorrelated background source since it contains only one halo neutron. In Fig. 1
(i) are shown the errors expected in thls
_case [14]. ‘
" 1. M. Petrascu et al Balkan Phys Lett. 3(4), 214(1995)
2. M. Petrascu et al;; Phys: Lett. B 405, 224 (1997).
3. M.V.Zhukov et al. Phys: Rep. 231, 151 (1993).
4. M. Petrascu et al., Rom. J. Phys. 44, 115 (1999).
5, M. Petrascu et al., preprint RIKEN-AF-NP-395, 2001.
6. M. Petrascu, Proc. Int. Symp. Exotic Nuclei, Baikal Lake, Russia,
2001, ed. by. Yu.E.Penionzhkevich, E.A.Cherepanov (World. Sci.
- Sigapore, 2002), p 256.
7. P. Desesquelles, the program MENATE (unpublished).
8. M. Petrascu et al., Phys. Rev. C 69, 011602(R) (2004). 6
9. M. Petrascu et al., Proc. Int. Conf. NN-03,Moskow, Russia, ed. by 10 C C
Yu. Ts .Oganessian, R. Kalpakchieva, (Nucl. Phys. A 734, 2004). ‘ 1 [
- 10. F.M.Marques et al., Phys. Lett. B 476, 219 (2000). ‘
11. M. Petrascu, Proc. Int. Sem HIPH'02, Dubna, Russia, 2002, ed by
Yu.Ts. Oganesszan R Kalpakchieva ( Yad. Fiz. 66, 1572 2003 ). ) 2l (ii)
12 R. Lednitsky, L. Lyuboshlts Sov.J. Nucl.Phys. 35, 770 (1982) L T
13. K. Teki et al., Phys: Rev. Lett. 70, 730 (1993). ‘ 20 24 28 32 38 40 44
14, M. Petrascu et al., Proc. Int.. Conf. CLUSTER-03, Nara, Japan ed | f fm
by K. Ikeda, H. Horzuchl I Tanihata, ( Nucl. Phys A, to be publi- '

shed ). Fig. 1
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A SHELL MODEL REPRESENTATION- WITH ANTIBOUND STATES
FOR ANALYSING EXOTIC NUCLEI

T. Vertse1 2) R. Id Betan 2, R. J. Liotta ?, N, Sandulescu 2 4)
7 Ynstitute of Nuclear Research of the Hunganan Academy of Sciences,
" H. 4001 Debrecen P.O.Boz 51, Hungary " -
kS Royal Instttute of Technology, AlbaNove Umverszty Center, SE-10691, Stockholm, Sweden
8 Departamento de Fzszca, 'FCEIA, UNR, Avenida Pelleyrtm 250, 2000 Rosario, Argentma ‘
‘ o Instztute of Physzcs and Nuclear Engzneerzny ”Hona Hulubei”, P.O.Boz MG-6, Bucharest Romama

A new unified shell model scheme is 1ntroduced in which the single particle basis is a generahzatlon
of the Berggren representatlon In ‘the 1 new approach one evaluates 51multaneously the contributions of
bound s1ngle-part1cle states, Gamow resonances and ant1bound (virtual) states to processes occuring in
the continuum part of nuclear spectra of exot1c nucle1 , ;

: Long time ago Berggren 1ntroduced a complete system of s1ngle partlcle basis functions (Berggren
repesentation) composed of bound states, complex energy resonant sates (Gamow states) and a complex
continuum of scattering states along a complex contour [1]. For a long time computers were not powerful

-enough to include the contribution of the contour and only truncated. bases were used. The first attempts
- to use the Berggren representation in the originally suggested form for a shell model desc1pt10n of many
body resonances in the complex energy plane have been done only recently [2]. An early attempt to
. generalize the Berggren representation by including antibound states into the basis in RPA calculatlon
was not very succesfull due to the neglect of the complex cont1nuum[3] In the present work we include
antibound poles of the S-matrix into the basis and take into account the complex continuum too in
the single partlcle completeness relation(4]. In this way we use an extended Berggren representatlon in
" constructing the shell model (many body) wave functlon The unique ‘feature of this approach is that it

allows.us to study the role of the antlbound pole and the correspondlng complex continuum' separately’ o

In this approach the roles of the ant1bound states are studied i in exotic nuclei being in the drip line region.
Our method has a large ﬂex1b111ty in chooslng the s1ngle partlcle basis. By changing the s1ngle partlcle'
contour’ we can change the members of the Berggren representatlon used. If the contour is ‘along-the
real energy axis then we use' the standard complete set of the bound states and real energy scattering
states. Drawing the contour in the thlrd quadrant of the complex k-plane we can include certain Gamow
resonances into.the basis. If the contour passes. over the negative 1mag1nary k-axis we can also include
antibound state and use the generahzed Berggren representation.

We applied our model for studying the structure of the halo nuclei ''Li and "2Ca. In both cases
we considered two valence neutrons outside cores °Li and 70(Ca, respectlvely The effects of the core
were simulated by phenomenological Woods-Saxon potentials in which weakly bound antibound poles
appeared in the ! = 0 partial wave. The interaction between the neutrons had a separable form and the
strengths of the interaction were adjusted to reproduduce the measured (or estimated) energies of the
corresponding ground states. The use of the separable interaction simplified our calculations considerably
and we were able to use the dispersion relation for calculating the complex two particle energies. (and
wave functions) instead of diagonalizing the two particle Hamiltonian. -It was found that an antibound
state lying close to the threshold has a fundamental'importance in building up the halo in the nucleus.
We also found that in the ground state of the !!Li the large contribution of the antibound pole was
cancelled to a great extent by that of the complex continuum.

This work was supported by the Hungarian OTKA fund Nos. T46791 and T37991, by the Argen-
tinian FOMEC fund and by the Swedish Foundations: STINT and Wenner-Gren.

[1] T. Berggren, Nucl. Phys. A 109, 265 (1968)

[2] R. Id Betan, R. J. Liotta, N. Sandulescu, and T. Vertse, Phys. Rev. Lett. 89, 042501 (2002); Phys:.
Rev. C 67 014322 (2003); N. Michel,” W. Nazarewicz, M. Ploszajczak; and K. Bennaceur, Phys.
Rev. Lett. 89, 042502 (2002).

[3] T. Vertse, P. Curutchet, R. J. Liotta, and J. Bang, Acta Phys. Hung. 65 305 (1989) .
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- Structure of the neutron—nch nuc1e1 close to N=50 towards "*Ni.
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Ducourtieux, S. Essabaa, S. Galés, L. Gaudefroy, D. Guzllemaud Mueller, F. Hammache, F
Hosni, C. Lay, H Lefort, F. Le Blanc N. Pauwels, O. Perru, J.C. Potier, F. Pougheon, J.
Proust, B. Roussiére, J. Sauvage, O. Sorlin
IPN 91406 Orsay cedex, France

¢

The PARRNe (Productlon d’Atomes Radloactlfs Rlches en Neutrons) experimental program
has been part of the recent R&D efforts for the design of the SPIRAL?2 project at GANIL. The
PARRNe?2 set-up installed at IPN-Orsay:allows the use of the Tandem as a deuteron driver in
order to produce mass separated fission fragments beams. In 2000 an experiment allowed us
to measure systematically ‘the yields of the produced nuclei using the PARRNe2 mass
separator. The measured yields revealed promising enough to undergo a series of experiments
dedicated at studying the structure of ‘nuclei close'to maglc numbers Z=28 and N=50, Z=50
and N=82 ‘anticipating part of the * ‘very low energy > (i.e. no post-acceleratlon) program of
SPIRAL2. The advantage of such a program is twofold since it allows the preparation, test
and improvement of the detection device which will be installed on the SPIRAL2 low energy
beam line while prov1d1ng completely new results of strong physmal interest.

Our first works aimed at finding indirect expenmental evidence of the doubly maglcal nature
of ®Ni and more generally at studylng the influence of the neutron shell closure at N=50 on
the structure of the nuclei as one’ goes far from stablhty through beta decay expenments
These work can be cons1dered in a sense, as some kind of continuation of the pioneering
work undertaken in this mass region dunng the late 80’s on mass separators operating at high
flux neutron reactors 11ke TRISTAN or OSIRIS.

We will report here on two.experiments, the first bemg dedicated at observmg the decay of
BGa (Z=31, N=52) and %*Ga (Z=31, N=53) and the second the decay of ®'Zn (Z=30, N=51).
Of particular interest in our results are the lines observed in coincidence in the decay of ¥'Zn
which establish the first low lying levels of the singly magical N=50 nucleus 3'Ga. This is to
our knowledge the present most exotic data on the structure of the N=50 nuclei towards "Ni.
We will compare these experimental results e.g..to a shell model calculation where 81Ga is
considered as a "°Ni core + 3 protons using an empmcal effective 1nteractlon The position of
those first excited levels provides an 1nterest1ng test for such a representatlon At last we will
present preliminary results from an internal conversion measurement in 8Ga which aims at
determining the parity of the ground state.

This experimental program will by continued on the new ALTO facility at. Orsay and in a
longer range develogment on the low energy beam facility of the SPIRAL2 project at GANIL
where the study of °Ni itself will probably be possible. _
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The surface geometry of exotic nuclei .. ... .. ..
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New experimental facilities have enabled the measurement of masses, radii and deformations
in an ever wider region of the nuclear chart. Studies in this 'terra exotica’ have revealed new
features such as neutron halos or skins [1] and brought new perspectives to nuclear physics. With
the growing number of measurements regarding the radial distributions of neutrons and protons
in nuclei far from stability[2, 3], a more detailed analysis of the variations in surface geometry:
is becoming possible. Theoretically, microscopic mean field models: that includa pairing are
the most appropriate tools for such a study, whether nonrelativistic Hartree-Fowck-Bogohubov
(HFB)-ones, using a Skyrme or Gogny interaction [4, 5], or relativistic Dlrac-Hartree-Bogohubov
(DHB) ones [6, 7). One. extens1ve study found fair agreement among these ‘models and with the.
experlmental data for masses and rms radii[8]. A common feature of the calculatlons was a
large difference between the rms neutron and proton radii in neutron-rich nucle1 ThlS dlfference'
could be due either to a neutron skin or to an extended neutron halo in these nuclel " A recent
experimental analysis favors the latter hypothesis, the existence of an extended neutron halo[3] ’

In this work, we analyze the surface geometry of the isotopic chains of O, Ni, Sn and Pb,
using the relativistic DHB approx1mat10n and the nonrelativistic HFB Gogny approx1mat10n\
We fit a two-parameter Fermi distribution to the neutron and proton den51t1es obtamed from
the calculations to obtain half-density radii and diffuseness parameters. - We found ‘that the
half-density radii increase smoothly as the distance from ‘stability increases, conﬁrmlng ‘the
existence of a neutron skin, at least in the theoretical calculations. However, we also found that'
the diffuseness parameter increases substantially with the distance from stablhty, ,although not
enough to be considered a halo. The diffuseness parameters display eﬁ'ects of the shell structure
which can be correlated to the binding energy of the single-particle level being filled.
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B. Klos, Phys. Rev. Lett. 87 (2001) 082501."
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Recent Study of the 3H(t,p) Reactlon Induced by 58-MeV Trltons. Evidences for
 Excited States in *H
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' In 2003 we camed out experiments aimed at the *H nucleus produced in the *H+°H reaction,
which we studled in kinematical conditions radically different as compared with Refs. [1]. A tritium
gas target:‘was cooled to 25K and had thin windows allowing protons, leaving the target at
Glab=173:‘ff—‘1:556“With"energy >1 MeV, to be well detected by an annular Si strip detector. This
resulted in the selection of *H nuclei, with excitation energy <6 MeV, moving close to zero degree
~in CM system and having. A particle telescope consisting of 3 annular Si strip detectors and 49
modules of the TOF neutron spectrometer DEMOn detected the triton and, at least, one of the two
| neutrons emltted at the °H decay. The arrangement provrded for the observation of the *H decay in
the 47 geometry The detected p-t-n coincidence events carried complete kinematical information
- about the studied process. Taking into account the selection of kinematical conditions, one comes to
a limited choice for the orbital momentum transfer. In addition, the *H angular momentum tends
preferentially to the alignment in the plane perpendieular to the momentum vector of this reaction
product.

The ‘complete kinematical reconstruction of the data revealed specific energy and angular
correlations peculiar to the °H decay products. These correlations allow one to identify a broad
structure, obtained in the *H missing mass spectrum at 3-5 MeV, as a mixture of the 3/2* and 5/2°
states. This structure has been observed also in other experiments [1-3] but some authors [2, 3]
attributed it to the ground state of *H. Our identification leaves no doubts about this issue and
strongly supports the results of Refs. [1,4] showing that the 1/2* ground state resonance of °H is
located ‘at 'a‘lower energy, at ~1.8 MeV, and is more narrow than the broad structure becoming
apparent at 3-5 MeV in the SH spectrum.

M.S. Golovkov et al., Phys. Lett. B566 (2003) 70.
D.V. Aleksandrov et al., Proc. Int. Conf. On Exotic Nuclei, Arles, France, 1995, p. 329.
M. Meister et al., Nucl. Phys. A723 (2003) 13; Phys. Rev. Lett. 91 (2003) 162504.
A.A. Korsheninnikov et al., Phys. Rev. Lett. 87 (2001) 092501.
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Proton-rich isotopes of Ga, Ge, As, Se and Br had their vtbta;l reaction cross sections (oR)
" measured at ~55 Mev/nucleon. Root-mean-squared matter radii were determined from Glauber
model calculations, which reproduced the experimental or values. ‘For all isotopic ‘'series a
decrease of the r.m, with increasing neutron number was observed. At the same time the
matter radii show an anomalously strong increase with Z for several isotonic series. There seems
to be no correlation with deformation or-with proton separation energy; but with shell effects.
_ The observed features of decreasing matter radii with increasing N, and strong increase in the:
‘radii with increasing Z are difficult to explain supposing a larger neutron radius than proton

radius.
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Figure 1: The variation of the r.m.s. matter radii of the proton-rich nuclides with N-Z compared
to R = 0.95A1/3. The r.m.s. charge radii of Kr are also indicated for comparison.
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- INTERPLAY BETWEEN FUSION AND BREAKUP PROCESSES:
“STUDY OF THE %’Li +2C; 59Co SYSTEMS
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" E.M.Szanto, J. Takahashi and A. Szanto de Toledo-

Departamento de Fisica Nuclear, Instituto de Fisica da Universidade de Sdo Paulo,
e CP 66318,5315-970 Sao Paulo S.P, Braszl ‘

’ The study of the reaction dynamics 1nvolv1ng weakly bound nuclei became one of
the most 1ntr1gu1ng and challenglng problems in low’ energy Nuclear Phy51cs The cross
msectlon enhancement generally observed at sub-barrier energies is understood in terms of
“dynamical processes arising from’ couplings to collective inelastic excltatlons of the target
and/or prOJectlle [1]. However, in the case of reactions where at least one of the colliding
fnuc1e1 has a. sufficient low b1nd1ng energy so that breakup becomes an important process.
,Some of the conﬂlctlng experimental and theoretlcal results recently reported . in . the
11terature were.. clarified [2-4].. However the 1nterp1ay between. fusion and breakup
'processes wh1ch present different behavior dependmg on the energy reglme still present
. 1mportant opened questions.
‘ -~ The investigation .of the 67L1 + 12¢, 59Co breakup processes (bu) is used to
understandthe influence of (bu) on the fusion cross section: These measurements help to
‘establish the effect of the projectile breakup on the fusion process at near-barrier energies
and contribute to the determination of how the mass of the target affects the process, as
well as the influence of the incomplete fusion yield at energies above the barrier.
tis 1mportant to have clear the reference used when an enhan¢ement and/or a
suppression is defined. In our case, the reaction cross section has been used Expenmental
-~ results are compared to prediction of Coupled Channel Calculations.
.+ A final tuning for the coupling of the breakup channel, as well : as the correct
description of the reaction dynamics, requires the explicit ' measurement of precise elastic
scattering data as well as yields leading to breakup.
, _ The identification of the breakup products has been achieved measuring the three
body final state correlations. Coincidence data are used to determine the process Q-value
- in order to gate exclusively on the projectile breakup channel. Furthermore, the system
excitation energy as well as the projectile fragment relative energy are used to identify the
exit channel with no ambiguity. Based on those filters, angular correlations are obtained to
identify the several processes. This is' complemented by measurements of relative energy
of the fragments using different rest frame references (like, target, projectile, target +
fragment) in order to disentangle the contribution of breakup, incomplete fusion and/or
transfer-reemission process. These experimental results are compared to three body
kinematics calculations.
" Similar data were taken for *’Li+'"*In. This procedure in unfolding the several llght
_particle emission processes has not been exploited so far in the literature,
References:
1) M. Dasgupta et al., Ann. Rev. Nucl. Part. Sci. 48(1998) 401 and references therein
2) K. Hagino et al, Phys. Rev. C61, 037602 (2000) and references therein
3) C. Beck et al., Phys. Rev. C 67 (2003) 54602
4) A.DiazTorres et al. Phys.Rev. C 68,44607 (2003)
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iy of be oy of muclf o o the ln o bl bt eon o ntorst
(i) to test the nuclear'model by analyzing the existing data, because the beta-decay rates are

very sensitive to the details of the wave functions, and (ii) to provide reliable information for
‘astrophysical applications. N S S
'We have analyzed, in the ‘interacting ‘boson-férmion model (IBFM2) 1], the beta decay
from. As to Ge isotopes of mass numbers A = 69, 71,73 as well as the energy levels and the
electromagnetic properties. In our analyses of beta decay, we used, for’ the transfer operators
which: construct the Fermi and Garnow-Teller transition operators, both the-traditional form
[1]; which uses fermion states with generalized seniority v-less-or equal to 2, and the improved
transfer operators suggested by J. Barea et al.[2], which include extra terms implying the use of
‘the fermion states with v higher than 2. We notice that once the wave functions are determined
in IBFM2 calculations of energy levels, the beta decay ratios are obtained in & parameter free
calculation.. - Lo : = cm Do ST

References

[1] F.Iachello and P.Van Isacker, The Interacting Boson-Fermion Model (Cambridge University
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.= ... Three-body correlations in dissociation SHe ... -
L.V. Chulkov®® for S135 collaboration®

a Gesellschaft fur Schwenonenforschung (GSI) D—64291 Darmstadt Germany
b RRC Kurchatov Inst1tute, 123182 Moscow Russ1a -

The dissociation of °He in a lead target, where the main contribution is expected to come
from the electromagnetic dlssoc1at10n has been studied at 240 MeV/u. The three-body cor-
_ relation distributions have been used for the ﬁrst time in the analysis. The distributions have

been directly . compared with' the results of calculat1ons usmg the hyperspherical harmonics
" method while assuming a dipole mode for the electromagnet1c dissociation [1]. The experimen-
tal data have also been’ analysed usmg a serles expansxon of the final transition amplitude into
hyperspherical functions (HH)."

o The complete _kinematics data as well as the energy and angular corellations in two
different coordinate systems have given new insight into the ground-state structure of
. the Borromean nucleus %He.
) The « comparlson w1th theoretlcal calculat1ons based on 1nformat1on on gross properties
. only was-shown to be ambigous and it was also shown that information about all three
- particles in: ithe. final state is essential. SO : T
e The experlmental continuum energy spectrum and the angular dlstrlbutlons for 1nelast1c
* scattering of the 240 MeV/u SHe nucleus in a lead target are well described under the
assumption of pure dipole dissociation without involving any other reaction mechanisms,
- while using different theoretical approaches (see Refs. 1, 2, 3. ' ' :

: ) ;‘The three—body angular and fr actlonal energy correlat1ons show the 1mportance of both
. fnn and no ﬁnal state 1nteract10ns 1n the d1ssoc1at10n process. The no 1nteract10n forming
" the 5He(3/2 ) Tesonance is more important than expected | from the HH calculat1ons [1].
‘However, this observation is in line with the results of the complex scaling method [3).

.o The analysis of the experimental data gives evidence for a dominant transition of one neu-

" tron from: the:0p-shell to the 1s-shell. This is in agreement with the calculations [1, 3] at
low energies, but in the energy region 3-6 MeV, calculations predict a larger contribution
from-the Op-to-0d transition.

o The analysis of the experimental data gives an indication for the existence of a low energy
dipole peak with a possible contribution from the ®He resonant state with a Ops/21sy/2
structure at the continuum energy 3 - 6 MeV.

Thus, the new experimental observables pose new questions to the theoretical models for the
dissociation of the Borromean nucleus 8He at high energy and give interesting impact on the
development in the theory

References

(1} B.V. Danilin et al., Nucl. Phys. A 632 (1998) 383
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Magnetic moment measurements of ps-isomeric states are performed usmg the well
known Time Dependent Perturbed ‘Angular Distribution (TDPAD) method. This technique
requires 'a nuclear spin-aligned system. Previous measurements have been performed using -
fusion-evaporation like reactions which induce a large amount of spin alignment of the
. produced residues. But the mvestlgatlon of nuclei in the neutron-nch side are not pos51b1e via
this reaction mechanism. -

The measurement of magnetlc moments usmg prOJectlle-fragmentatlon reactlons was
~ performed at GANIL facility. In a pioneering expenment the g-factor of S7™Ni and ¥™Cu [1]
have been extracted. In a recent’ expenment the same techmque was apphed in order to
measure the g-factor of the isomeric state in ®'Fe. The results obtalned are'in agreement with
the expected neutron g9/2 structure of © mFe

An important experimental achlevement in the study of Electromagnetic - moment
- measurement will be presented. Comparison of the experimental results with shell-model and
mean field calculations will be discussed.

[1] G.Georgiev et al., Journ. Phys. G29, 2993 (2002).
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-1 New Structure Problems in Light Exotic Nuclei. - .-
~ H. Sagawa
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We study the ground state and excited states of C isotopes using microscopic models. A
deformed Hartree-Fock (HF) + BCS model with Skyrme interactions is performed to study the
1sotope dependence of deformation. propertles of C, N and Ne isotopes as a manifestation of
Jahn-Teller effect. It is shown that shallow deformation minima appear in both the oblate and
the prolate sides in '°C, ’C and °C having almost the same binding energies. We discuss also
shell model calculations to study magnetic moments, electric dipole and quadrupole transitions
of B, C and N isotopes. We show clear empirical evidence of the isospin dependence of the
effectlve charges of quadrupole moments in B isotopes in both proton and neutron drip line
nuclei. It is also pointed out that the isotope dependence of quadrupole moments and magnetic
g—factors in ‘the odd C isotopes will be useful to find out the deformation and unknown spin-
parities of ‘the ground states of these nucle1 The low-lymg electrlc transitions of C and Ne
1sotopes are also dlscussed ‘ : ;

v B-isotopes
eexp
. =---= h.0.(e,~0.5,0,+1.3)
+—— HF+PV model

7 8 9 10 11 12 15 14 15 16 17 18

A : '
Figure 1: Q-moments of B isotopes. The solid line is obtained by using the core polarization
charges of microscopic Hartree-Fock and particle-vibration coupling model, while the dashed
line is the results of constant effective charges. The shell model wave functions are calculated
~ with Warburton-Brown effective interaction. The references of experimental data can be found
in ref. [1]
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Nuclear-moment me‘asu'rements of light neutron-rich nuclei‘
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From the systematlc study on the fragment-mduced spm-polanzatlon phenomena, it has
been revealed that fragments can be spm—polanzed as a function of the outgoing momentum‘
and emission angle of fragments The . mechanism of the fragment-mduced spin- polarlzatron
is essentially related to the fact that a portlon of the pro_]ectrle to be removed through the
fragmentation process has. non-vamshmg angular momentum due to the 1nterna1 motion of
* nucleons. From the general feature of the fragmentation reaction, essentlally any fragments can
be produced and polarized irrespective of their chemical properties.

Based on the §-NMR method with the spin-polarized radloactlve-lsotope beams [1], we have
been conducting a series of experiments at RIKEN to measure magnetic moments and electric
quadrupole moments of light unstable nuclei [2]. So far the measurements have been made in
the region of neutron-rich p-sd shell nuclei. The obtamed experimental nuclear moments have
been shown quite effective in discussing the effect of neutron excess on'their nuclear structure,
where we discussed the deviation of magnetic moments from the Schmidt value [3] and the
isospin dependence of the effective charges [4]. To extend the observation into the neutron-rich-
sd-shell nuclear region, we are planning the measurements for those nuclei. In this work we
report on the recent progress in the nuclear-moment measurements and analyses.
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For many years, 3-decay experiments proved to be a powerful tool to study nuclear systems.
_ During the last decade, the study of unstable nuclei came to the forefront of nuclear physics research
and to this respect, f-decay measurements continue to provide a wealth of information. The A > 50
calcium isotopes are of interest in regards of their nuclear structure, particularly in terms of their
) 1mpl|cat|0n on the determination of the nucleon-nucleon interaction in the sd- fp shell.
-*"'Calcium isotopes can improve our understanding of the neutron-neutron interaction in the fr
;2 shell.” Because of the Z=20 shell closure, the lowest energy states in even Ca isotopes are of
* . even parity. These natural parity states are populated either by forbidden transitions or indirectly
o (ra.dla.twe deexcitation of populated Gamow-Teller states). Their properties (E:, decay modes) are
" governed by the neutron—neutron monopole interaction in the fp shell. They are therefore indicative
* of the neutron sub-shell sequence, and of the evolution of the effective interaction between valence
;.- neutrons.
.., .. As for the excitation of the lowest Gamow-Teller states in heavy Ca xsotopes it depends strongly
“on the proton-neutron interaction across the sd-fp shell. Because an energy around 4 MeV is
necessary to excite these unnatural parity states, one expects the Gamow-Teller states within reach
..of B decay to be located close to or above the neutron separation energy, giving rise to a large delayed
neutron emission. Because of the simplicity of their wave functions, the Ca isotopes correspond to
_the optimal choice to fix these two-body matrix elements in the A =50 mass region. For that, any
"measurement will have to rely on a very efficient neutron detection.
.. - * Little has changed in our knowledge of the heavy potassium decay properties since the first exper-
.- iments performed at CERN/PS (1] and ISOLDE/SC (2,3}, yielding information on half lives, delayed
B neutron emission and some low-lying states in heavy calcium isotopes. To bring new insights in the
k descrlptlon ‘of the A ~50 nuclei, we have undertaken a study of the neutron-rich calcium isotopes
through the B decay of the corresponding neutron-rich potassium: precursors: The experiments
were-performed at CERN using the online mass separator ISOLDE and a very efficient 8, n and v
detectlon system.
We will present the results obtained at ISOLDE for the neutron-rich 2Ca and %*Ca isotopes. An
introduction on the physics motivations will be given, the expenmental setup and analysis methods
will be described and the results presented.

(1] M. Langevin et ol., Phys. Lett. 130B, 251 (1983).
[2] L.C.' Carraz et al., Phys. Lett. 109B, 419 (1982).
[3)'A. Huck et al.; Phys. Rev. C 31, 2226 (1985).
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Exploring light neutron rich nuclei via the ("Li,’Be) reaction -
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H. Lenske®, C. Nocrforo S. E. A. Omgoab J.S. Wmﬁelda

- a. INFN - Laboratori Ndzionali del Sud, Catania, Itabz ;
b. Dipartimento di Fisica e Astronomia, Universita di Catania, Italy
c. Institut de Physique Nucléaire, IN2P3-CNRS, Orsay Cedex, France
d. INFN - Sezione di Catania, Catania, Italy
e. Institut fiir Theoretische Physik, Universitit Giessen, Giessen, Germany

Far from the B stability the standard representation of nuclei, based on the assumption of
mean field dynamics, turns out to be often inadequate. From a theoretical point of view the
explanation of observed phenomena has been a preC1ous benchmark supporting a strong

“development of refined theories based on the microscopic description of nuclei. In this context
particular attention has been paid to the description of special correlations such as the Dynamical
Core Polarisation (DCP), i.e. the coupling of the loosely bound valence nucleon to the excited states
of the core. A mlcroscoplc treatment of the DCP for example, has been demonetrated crucial to
explain the well known inversion between 2s,,, and 1pys2 orbitals in ''Be ground state [1].

Experimental signatures of the DCP correlations are found in charge exchange reactions.
One of the most striking observation is the appearance of very narrow resonances embedded in the
continuum (BSEC), where the valence nucleon remains for long time bound to the core even when
the enérgy transferred to the whole nucleus by the direct process would be enough to immediately
remove it. Particularly interesting for this phenomenology is the exploration of nuclei for which an
integer number of o particles is coupled to three extra neutrons. Examples are represented by "He,
lBe, °C, 1?0 and heavier systems. For these nuclei one can assume that single particle excitations
at low energy are mainly due to the three valence neutrons. The pairing of two of the three neutrons
to the inner core gives an effective soft core, which can be dynamically polarized, also at low
excitation energy, by the interaction with the remaining neutron.

A systematic study of these and other phenomena over the above mentioned chain has been
started by our gro up in the recent years via the ( Li, Be) reaction at 56 MeV incident energy at the
IPN-Orsay The '"Be and 'C energy spectra were measured via the ''B(’Li,’Be)''Be and
BN(Li,"Be)!*C reactions [2). In addition the "He and '®O spectra have been measured with the
same technique and the ana]yses are in progress. Preliminary results will be shown at the
Conference.

The observed spectra show the presence of narrow resonances, several MeV beyond the
neutron emission threshold together with a broad bump connected to the SDR mode. Microscopic
QRPA calculations for 'Be and °C, fully accounting for the 1p-1h conﬁguratron with average
inclusion of 2p-2h ones, demonstrate that similar states cannot be described in a similar scheme.
More sophisticated calculations in the framework of DCP model [3] indicate the BSEC nature of
these resonances.

Conclusive results are also obtained for the reaction mechanism [4J trough a microscopic
analysis of the angular distributions and the spin flip probabilities for the ''Be and the °C cases.
The calculations are able to well reproduce both the angular distributions and the spin flip
probabilities, showing the negligible role of two-step mechanisms and the dominance of nucleonic
spin transfer at these energies.

[1] H.Lenske, J.Phys. G 24 (1998) 1429

[2] F.Cappuzzello et al., Physics Lett. B 516 (2001) 21 and EuroPhys.Lett 65 (2004) 772.
[3] C.Nociforo, Ph.D. thesis, Universita di Catania, 2001.

[4] F.Cappuzzello et al., Nucl. and Hadr. Phys. A, in press.
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“Comparative analysis of the ""*"2Hf isomer yield
at reactions with different projectiles

S.A. Karamian
Joint Institute for Nuclear Research, Dubna, Moscow region, 141980, Russia

The triggered release of the energy stored in nuclear isomers is promising for the creation of
pulsed sources of gamma-radiation. For instance, the high-spin K"=16" '"*™2Hf jsomeric state stores
a specific energy of about 1.3 MJ/mg with a half-life of 31 years. For app11cat1ve purposes and
" extensive studies on the trlgger mechanisms one needs to produce isomers in an amount of
milligrams, or even more in extreme. As is known up to now, the largest quantity of the '"*™2Hf
material was produced in Los-Alamos with 800 MeV protons at the high-current accelerator. The
advantage of this method was a possibility to-accumulate the isomer as by-product in a massive Ta
'beam-dump during the operation of the accelerator for other experiments. However, the produced
isomeric material contains very high activity of other radionuclides, and the background radiation
remains high even after chemical isolation of the Hf fraction. The productivity of the spallation
reactions with protons at intermediate energies has been systematlcally studied for the Ta, W and
Re targets at Dubna 660 MeV synchrocyclotron in Ref. [1]. Some recommendations, how to
optimize the spallatlon method have been worked out. However, basic' disadvantage of a high
vcontamlnatlng activity is not yet overcome.

, %yb (4He 2n)l7 m2Hf reactlon was investigated in Ref. [2], and much better quality
sources were produced using a 36 MeV “He-ion beam and the following chemical processing of the
irradiated Yb targets with the mass-separation of !"*Hf nuclides at the end. The problem of isomer
separation from the stable '"*Hf is not yet solved. The method of ( He,2n) reaction has still the
disadvantage of much lower productivity as com ared to the spallation. So, it can be used for the
high-preciseness physical experiments with the '"°"2Hf source, but not for the applications. There is
known in literature also the producer reaction of 179Hf(n 2n)178m2Hf at a 14 MeV neutron beam. The

- cross-section of the latter reaction is reasonably good, but the flux of fast neurons generated in the
3H(2H n)*He reaction is typically not high. Neutron energies of E,>10 MeV are requested for (n,2n)
reaction and they are represented in the reactor spectrum with very low yield. Recently, we made an
attempt to detect the production of 178m2pf in the reactor irradiations of the "Hf target assuming

“some reasonable yield due to the '"Hf(n,n') reaction with the neutrons of fission spectrum.
However, only upper limit of the cross-section is deduced today because of high activity of other

products More sensitive measurements are expected after longer cooling time. The production of
Pm2Hf in (n,n') reaction is nevertheless detected.

The yield of 178m2L1f has been successfully observed [3] in the Ta target exposed to a 4.5
GeV bremsstrahlung at Yerevan synchrotron and newly analyzed using the y-spectroscopy technics
at Dubna. At optimum irradiation scheme, the evaluated productivity turns out to be higher than at
the (*He,2n) reaction and lower than at the spallation. However, for definite conclusion, the total

cost and radiational safety conditions should also be compared, as well as the techmcal restrictions
on the maximum beam current of electrons or protons.

The yields of all known reactions are compared in their productivity for the accumulation of
the "™™2Hf isomer. However, the general conclusion can be formulated that extraordinary high
cross-section is not found for any reaction among investigated. This means, that the idea to
accumulate grams of the 178m2LIf isomer requires for realization the special high-power systems for
the production and use of very dense fluxes of nuclear projectiles. Parameters of the standard
research facilities are not enough for this purpose.

1. S.A.Karamian, J. Adam, et al., Preprint JINR, E6-2004-7, Dubna, 2004.

2. Yu.Ts. Oganessian, S.A.Karamian, et al., J. Phys. (UK), G18 (1992) 393.

-~ 3. S.A. Karamian, J.J. Carroll, et al. Submltted to 54-th Intern. Meeting on Nucl. Spectroscopy and
Nucl. Structure. Book of abstracts, Nauka, St. Petersburg, 2004.
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Probing 9He structure from proton elastic and inelastic collisions

R. Crespo*
Departamento de Fzszca, TInstituto Superzor Tecmco,

Taguspark 2780-990 Oetras Portugal

One of the major complex1t1es assoc1ated with the study of halo nucle1 is the 1nterp1ay -
between the structure and the scattermg framework _ y

When describing the scattering of stable from halo nuclel it is crumal to handle its many-.
body character in order to extract reliable structure 1nformat1on about the halo system [1]. -
Wlthm any: multlple scattenng formalism, the fundamental 1ngred1ent is the many body .
scattering amphtude of the pro;ectlle on a bound target subsystem This, can: be used
within the context of a multiple scattering of the total transition amphtude [1). Due to the .
complexity of the many body operator, suitable approx1mat1ons needed to be performed in -

order to express the problem 1n ‘terms of the scatterlng from the pro;ect11e by each of the

target subsystems. The effect of these different 1mpu1se approx1mat10ns to the scattermg -

formalismon the calculated elastic scattermg cross sect1ons are studied for proton scatermg o

from ®He at 700 MeV/u [2].

Inelastic scattering is a useful process to study the excitation modes of Halo nuclei which
is espected to s1ng1e particular multlpolar exc1tat1ons It is fair to say that our knowledge
of the Borromean resonant continuum sea is today very unconclusive. We shall also present

a study of inelastic scattering of °He at 70 MeV/ u [3].

[1] R. Crespo and RC Johnson, Phys Rev. C80, 034007, (1999), R. Crespo, 1J. Thompson and
AA Korsheninnikov, Phys. Rev. 066 021002 (2002).
' [2] F. Aksouh et al., Proceedings of the 10th International Conference On Nuclear Reaction Mech-

anisms, Varenna, Villa Monastero, June 9 - 13, 2003

“[3] A.A. Korsheninnikov at al, Nucl. Phys. ‘A616, 189c (1997)

“Work in collaboration with 1.J. Thompson and A.M. Moro
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Spin—,}Is}qsp\inv Properties:of Nuclei and NeutrinofNucleus, Reactions

Tosh_i_o Suzuki- L

Departrﬁéﬁ‘t\bf:}?hys{ic‘s,, Co.llege_of Humanities and Sciences, Nihén University
Sakurdjosui 3-25-40, Setagaya-ku, Tokyo 156-8550, Japan

- Recently, -the 77 oo interaction is found to play an.important role in
. shell evolution in p-shell nuclei[l]. ‘The spin-isospin component of the in-
. teraction . has direct relevance to spin-isospin properties of nuclei such as
... Gamow-Teller. (GT) transitions and magnetic moments. Using a modified
... - shell model Hamiltonian with enhanced spin-flip neutron-proton interaction
o :and‘siyngle—pa:}tiqle;energy,;diffe‘rence‘ between 0Op;/2. and Ops/2.shells, better
. ... agreement with experimental values is obtained systematically for the GT
‘trdrisitiqn_s'_and magnetic moments in most of p-she‘ll nucleifl]. ,
...+ We here investigate low energy neutrino-nucleus reactions, which involve
~_GT and spin-dipole transitions. We study, for example, *C (ve,€”) 12N
' reaction[2] . We discuss the effef(:ts>and'consequenc§s of the improvement on
"’thexdeséription of the spin-isospin properties obtained for the p-shell nuclei.
" 'The effects of the tensor interaction on the magnetic moments, spin-dipole

" transitions as well as on the neutrino-nucleus reactions are also discussed.

~" We next study the spin-isospin properties of heavier nuclei such as 208ph
~*""and 28Pb (ve,€7) 208B; reaction(3). The quenching and spreading of the GT

' ' Cstrength ‘due to the coupling to the 9p-2h configurations are pointed out to
" be important for the reaction. Neutral current induced reaction, 2®Pb (v, V)

,  208Ph is also investigated for neutrinos from supernovae. = S
t - Study on nuclei near drip-lines, ‘where the degree of quenching of the

‘spin-isospin properties can vary considerably, will also be reported.

" References N

.. [1] T. Suzuki, R. Fujimoto and T. Otsuka, Phys. Rev. C67 (2003) 044302.

. [2] C. Volpe, N. Auerbach, G. Colo, T. Suzuki and N. Van Giai, Phys. Rev.
. C62 (2000) 015501; o ;
~ A. C. Hayes and I. S. Towner, Phys. Rev. C61 (2000) 044603.
[3] T. Suzuki and H. Sagawa, Nucl. Phys. A718 (2003) 446.
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“STRUCTURE OF LIGHT NEUTRON-RICH ODD Z NUCLEI ©

Z. Dlouhy , D. Baiborodin , J. Mrazek , G.Thiamova and J.Vincour
Nuclear Physics Institute ASCR CZ—25 068 Rez, Czech Republic
“for the GAN IL—Orsay-Dubna- Re? -Bucharest collaboratlon ‘

The nuclear shell model has been successful in the description of various aspects of nuclear
structure for nuclei near the valley of stability, and has enabled to involve the magic numbers that
has become very important quantities reflecting the nuclear structure.- Near the neutron dripline,
however, the breaking of magicity has been observed at the N=20 shell closure where an "island of
inversion” in shell ordering has been established as well at N=8 where the doubly magic '°He
nucleus has been confirmed to be unbound. The study of nuclei far away from the valley of stability
is motivated by the efforts to understand the way that smgle particle energies evolve when one goes
from stable nuclei to the neutron’ ‘and proton drip lines. This would provide us by more precise
predictions of the limit of existence of nuclear species, the information on new magic numbers as
well as new halo nuclei. However in the case of light nuclei, the rapid change in the location of the
neutron drip line near the O and F species is fully not yet understood . The neutron dr1p line seemsto
be reached at N=16 for O 1sotopes whereas for the nelghbourmg F 1sotopes, it extends up to N=22.
Though some theoretlcal calculations predlct the ex1stence of new neutron magic numbers N=6, 16
and 34 [1,2] until lately, no expenmental evidence about new magic numbers has been obtained. |

Recently, two expenmental surveys [3,4] resulting in an appearance of the neutron magic
number N=16 have been pubhshed ‘We have surveyed (3] expenments performed at GANIL from
the point of view of two-neutron separation energies for determination of neutron shells in this
reglon On the other hand, Ozawa et al. [4] have inspected the 1nformat10n on one neutron separation
energies and interaction cross section ¢.(. measured at RIKEN. Kanungo et al. [5] has published
systematics of the beta decay Q-values indicating  new regions of shell closures at N=6, 16 and also
near 32. We have also confirmed the magicity at N=16 from the analysis of a derivate of the two
neutron separation energy [6] and the magicity at N=14 and 16 from the analysis of energies of first
excited states in heavy oxygen isotopes [7]. ‘

The mass measurement of neutron-rich nuclei at GANIL [8] has enabled us to perform the
analysis of triton separation energies of light neutron-rich odd-Z and even-Z nuclei. The deduced -
separation energies S (¢ 0 show the tendenc 1y to form the nuclear halo adding a triton to new doubly
magic even Z ®He and **O nuclei forming ''Li and *’F, respectively. An appearance of other neutron-
halo odd-Z nuclei in this region, and the connection between doubly magic even-Z nuclei and
neutron halo odd-Z nuclei is discussed.

+
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+*CHANGE OF ISOVECTOR STRENGTH OF EFFECTIVE .. |
INTERACTION FOR LIGHT: NEUTRON-RICH NUCLEI

P, T 5. GMUCA , ,
"4 Institute of Physics, Slovak Academy of Sciences, SK-845 11 Bratislava, Slovakia

Abstract

Mean field models are known to fail to predict ground state properties
of light neutron-rich nuclei satisfactorily. To elucidate a problem, the rela-
tivistic mean field was used for systematic calculations of isotonic chains with
neutron numbers N=8,16,20 and 28 from the proton to neutron drip lines. To
achieve an agreement with experimental binding energies an enhancement of
the isovector coupling strength was observed for nuclei with an extreme N/Z
ratio (N/Z>2). Its phenomenological dependence on N/Z was examined, and
possible microscopic explanations of its origin were discussed. The role of an -
isospin dependence of a bulk nuclear matter symmetry energy coefficient for
calculation of drip-line nuclei is stressed rather than its density dependence.

LN
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Energy dependence of total reaction cross section of the
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One of the most exciting recent events in nuclear phyS|cs has’ been the discovery of
extended neutron distributions in exotic neutron- rich nuclei such as e.g. %He via total reaction
cross section (oz). A oz as a function of the energy shows a remarkable sensitivity to the halo
structure of the exotic nuclei due to large nucleon-nucleon cross section at low energies [1].

The energy dependence of oy for the “®He + Si at energies up to 5 AMeV was measured
by the transmission technique. We used a silicon multilayer telescope in our experiments.
Each detector in the telescope had its own destination. The first two telescope detectors were
used to separate particles with an energy E, which consequently could induce various nuclear -
reactions in the next detector (active target) and hence change their deposition energy. Thus
we may separate reaction products from unreacted particles.
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Values of the measured or are shown in the figure as filled symbols It’s seeing different
behavior of “He and ®He excitation functions. In the case of ®He there is a wide maximum
around 15 AMeV. Known data from literature at higher energies is presented as open points. It
was observed the enhancement in cross section ~30% for *He in the framework of Kox
systematic [2]. According to a formulae ox(®He) — oz(*He) the value of two neutron removal
cross section were deduced.

(1] V.K.Lukyanov et al., arXiv:nucl-th/0311040 v1 (2003)
[2] S.Kox et al., Phys. Rev. C 35 (1997) 1678



“Botnd excited states'in *’F -
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'One of the most fascinating questions of nuclear struc-
ture physxcs is where the neutron dripline lies, and more
1mportantly, why it is there. In this respect, an intriguing
problem is that the dripline of fluorine isotopes is located
at least 6 neutrons farther than that of the oxygen iso-
topes [1]. The naive assumption - according to which
"addmg a proton to the oxygen nuclei makes the vds/,
state bound - can explain the bound nature of fluorine
isotopes up t0 2°F only. To make another pair of neu-
trons bound some kind of shell breaking mechanism like
multi-particle-multi-hole excitations across major shelis
has t0 be assumed, since the last 2 neutrons above the
‘N = 20shell closure are far unbound in the spherical
limit {2]: Neutron 2-particle-2-hole excitations across the
N=20 shell ‘are well known in this region, as they form
‘the ground state of 32Mg or 33Ne nuclei. Whatever mech-
anism makes 31F'p'article-bound', its traces should be vis-
ible in other fluorine nuclei, too. For instance, in 2’F the
psd shell model [3], which can account for the properties
of light fluorine nuclei, predicts the first excited state
with spin 1/2% at 2.0 MeV energy, much higher than the
neutron separation energy of 1.3(4) MeV. On the other
hand,- some shell breaking or dripline effects acting in
3F can make the energy of this state so low that it falls
below the separation energy. According to recent Monte-
Carlo shell model calculations it is enough to allow for
the possibility of neutron cross shell excitations to have
a bound excited state in 2’F[2]. To explore the traces of
the mechanism which is expected to be fésponsible for

45

the existence of 3! F in lighter fluorine nuclei; and to gain

‘more information on its propert:es we have searched for

bound excited states in TR

We have carried out the experiment at RIKEN Acéel—
erator Research Fac111ty using (p,p’) process in inverse
kinematics. We observed 2-2 7-ray lines in 2%26:27F, and
ass1gned them to decays of 2-2 excited states observed
for the first time in 2F. The existence of a bound ex-
cited state in 27F is &’ sign for breaking down of the psd

_shell model and is -consistent with the Monte~Car10 shell

model [2] which contains’ a special neutron shell breakmg

‘mechanlsm The presence of an addltlonal bound state

is puzzling. A new mechanism, such as lowenng ofa neg-
ative parity state through unusual correlations of proton
and neutron cross-shell excitations or some sort of exotic
clustenzatlon should be considered to understand thls

'unexpected phenomenon

* On'leave from Institute of Nuclear Research of the Hungar-
ian' Academy of Sciences, P.O. Box 51, Debrecen, H-4001,
Hungary

[1] H. Sakurai, S. Lukyanov, M. Notanl, N. on, D. Beaumel
N. Fukuda, M. Hirai, E. Ideguchi, N. Imai, M. Ishihara,
et al., Phys. Lett. B 448, 180 (1999).

[2) Y. Utsuno, T, Otsuka, T. szusakl, and M, Honma, Phys

* Rev. C 64, 011301(R) (2001).

(3] E-Warburton and B. Brown, Phys: Rev. C 46, 923 (1992).



Decoupling of valence neutrons from the core in *C
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.-

Due to the strong proton-neutron interaction, the pro-
ton and neutron distributions are strongly correlated in
nuclei. Although the neutron distribution is determined
with a lower accuracy compared to the charge distribu-
tion, small differences could be revealed between them
except for some specific cases. A large difference in ra-
dial distributions have already been found in halo nu-
clei which raises the possibility of the difference between
proton and neutron deformations. The deformations can
be characterized by several parameters, the most model
independent ones are the transition matrix elements or
transition probabilities. Determination of the proton and
neutron contributions to the excited states can yield in-
formation on the nature of the ground state proton and
neutron deformations [1].

Recent calculations (2] suggest different deformations
for proton and neutron distributions in carbon nuclei, as
well. The proton density is expected to be oblate, while
the neutron densities vary with neutron numbers and a
prolate shape is predicted for 16C.

Our aim was to search for these possible different pro-
ton and neutron contributions to excitation of the first 2%
state in 16C. For this purpose, we applied the Coulomb-
nuclear interference method (3, 4. In certain conditions
of energy and projectile-target combination, both inter-
actions play crucial roles and as a consequence of their
interference, a clear minimum is expected in the inelas-
tic scattering cross section. From the place and depth of
the minimum, the ratio of the charge and mass deforma-
tions can be determined. Using this information and the
absolute magnitude of the cross section of the process,
both the proton and neutron transition matrix elements
can be deduced from a single experiment. In the present
study, the angular distribution of the radioactive 16C nu-
clei scattered on a 2%2Pb target has been measured in
RIKEN at the energy of 52.7 A-MeV, where the interfer-
ence conditions mentioned above are fulfilled.

We have extracted the charge and mass deforma-
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tions in °C from the inelastic angular distribution
with Coulomb-nuclear interference. The results lead
to ‘very low B(E2) value of 0.28 W.u. and very large

My /M=7.6 £ 1.7. These values show that the 2} state

n 18C practically consists of pure valence neutron exci-
ta.tlons The polarization of the closed #C core by the
valence nucleons is extremely weak, which suggests that
the two valence neutrons are basically decoupled from
the core. This unusual nature may provide a new as-
pect of decoupling of neutron and proton distributions
in unstable nuclei. ;

Our results are compared with two other experiments
performed in RIKEN. One of them measured the life-
time of the first 2% state in 16C and deduced the B(E2)
value [5]. The other one determined the cross section of
(p,p’) reaction in inverse kinematics [6]. From these two
experiments, the My /My ratio could also be determined !
to be 7.9 + 1.5 which is in a good agreement with our
value.

* On leave from Institute of Nuclear Research of the Hungar-
ian Academy of Sciences, P.O. Box 51, Debrecen, H-4001,
Hungary i
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i+ Investigation of multipolarity for some y-transitions of '>'Eu

M. Metskhvarishvili, Z. Miminoshvili, R. Metskhvarishvili, I. Metskhvarishvili,
N. Khazaradze, L. Khorbaladze, M. Elizbarashvili

_ By means of double focusing sector type magnetic beta-spectrometer with 0.2%
B resolutlon and -useful  solid angle of 0.3% from 4w (in the case of 1x30mm?’ sizes of
. radioactive source and inlet opening), arrangement ranges of the °'Eu 153.6keV energy
~...conversion lines was investigated for determination of multipolarity of this transition. Two
groups of K, L, Ly, Ly conversion lines are observed. From them one group connects to
~.the 153.6keV y-transition and another to 153.3keV y-transition. 153.3keV energy
- conversion lines were not observed earlier. Experimental ratios of internal conversion -
wcoefficients (ICC) on Li, Ly and Ly shells for both y-transitions were determined.
. Analogous theoretical significance was received from the table of [1]. Results are given in -
- the table. On the basis of this data are established that 153.6keV y-transition is the mixture
~‘of M1 and E2 multipoles. Amount of admixture a of E2 multipole is (13£2)%. 153.3keV y-
* “transition is mixture of M2 and E3 miultipoles with admixture of E3.amounting (6+2)%.
' This transition happens between the levels of 349.8 and 196.5keV [2]. Quantum
1'i‘icharacter1st1cs of 196.5keV level equals (3/2)" by [2]. Established by us multipolar
: compound of 153.3keV (M2+E3) y—transmon enables us to confirm that spin of 196.5keV
g '1eve1 must be (5/2)

E, ICC | . Theory

- : . X o k- 3
‘Nuclei ratio Experiment il ) a% Multipolarity

_153 6 LyLy 5.1+£0.7 12.6 0.561
" | Ly/Ln 6.4+0.6 72.4 0.622

13+2 M1+(13£2)%E2

Blgy | M2 E3

153.3 LyLy 4.4+0.2 -8.13 0.105

+ +(612)%
Ly/Lm 42+03 | 7.96. ( 0.135 6+2 M2 (6_2).A)E3

1.--LM. Band, M.B. Trjaskovskaya. “Tables of Internal Conversion Coefficients of
Gamma-ray on K-, L-, M-shells 10<z<104”. L. LIAF, SSSR 1978.
2. R.B. Firestone, V.S. Shirley, C.M. Baglin, S.Y. Frank Chu and J. Zipkin. Table of
.- Isotopes 8™ ed (New York, Wiley, 1996).
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A global non-local optical potential applied to exotic and weakly bound nuclei
~ interactions

' Marcos Alvarez- .

" Over the last years some advances have been reached toward obtaining a fundamental
free parameter nuclear potential [1-6].:In this work is shown the study based mainly on the Pauli
effects (nonlocallty'and block) associated in the optical model framework to describe ’respe'ctively
the real and imaginary parts of the nuclear potent1a1 The analys1s has been extended to 1nteractlons
1nclud1ng weakly bound and exotic nuclei. - ; :

- Data have been selected and analyzed in very dlfferent energy reglons It is well known
that the analys1s of low-energy data, close to the Coulomb barrier, is sensitive to a surface region
of the potential around the absorption radius. Intermediate energy data refer to refractive scattering,
which is sensitive to a wider radial region.. The imaginary potential reﬂeets as a function of energy
a large variety of physical effects: channel couplings, reactions with various Q-values, dispersion
~ effects etc. Therefore, one could expect that different descriptions may be required for certain
reg10ns of mass and energy. Notw1thstand1ng the comments above, it has been demonstrated that it
is poss1ble to,obtain a reasonable data descnptlon just by assuming the non-local model for the real
part of the optical potent1a1 in conjunctlon with-a very simple model for the: imaginary part [6].
This fact is due to the greater sen51t1v1ty of the Optlcal ‘Model calculations to the real part of the
interaction, which has been well accounted for by the non-local model. The results suggest using
the present model to get reasonable estimates for heavy-ion elastic scattering and reaction cross-
sections. Extension of these findings to halo-nuclei was pursued and is presented. S

The non-local potential [1-4]: for the real part of the nucleus-nucleus 1nteract10n has
been successfu]]y used with the same validity at low and hlgh energies [1-6] besides- presenting an
expressive agreement w1th elastic and inelastic scattering, transfer and ﬁ1s10n data [8,9].
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PARTICLE-NUMBER PROJECTION IN
THE T=1 NEUTRON-PROTON PAIRING

N.H; ALLAL(' 2 M. FELLAH(' o) MR OUDIH(') andN BENHAMOUDA(')

(')Laborato1re de Physique Théorique, F aculté de Phys1que USTHB
BP.32, El-Alia, 16111 Bab-Ezzouar, Alger, ALGERIA
@ Centre de Recherche Nucléaire d'Alger, COMENA
BP399 Alger-Gare, Alger ALGERIA .

- It is well establ1shed that the inclusion of the neutron-proton (n-p) pairing is necessary
.;m nuclei such that N~Z. The aim of this contribution is to present a_ particle-number
; \_'prOJectlon method for the study of the T=1 n-p pairing.
",The usual n-p BCS wave function is sxmultaneously prOJected on both the good neutron and
. proton numbers using a discrete projection operator [1]. An explicit projected wave- functlon
_is thus obtained. It allows one to deduce the expectation value of any physical observable that
. appears then as a limit of convergent sequence. .
. . The influence of the projection on the partxcle-number ﬂuctuatlons and the energy of
" the system is studied within the Richardson schematic model [2]. It is shown on the one hand
., that the convergence of the method is very fast and on the other hand that the prOJectlon
" significantly reduces both the partxcle-number ﬂuctuatlons and the energy value

References:
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Effective interaction generated by the Pauli exclusion principle
in collisions of the light neutron-rich nuclei

G.F. F111ppov and Yu. A Lashko

Bogolyubov Instltute for Theoretlcal Physms Klev, Ukraine
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The influence of the Pauli exclusion principle on the collision of light nuclei was shown
to be reducible to three factors which affect the dynamics of the cluster-cluster interaction.
Firstly, elimination of the forbidden states drastically increases the maximum amplitude of
the scattering phase ‘that may ‘be simulated by a Tepulsive potential at small inter-cluster
distances. The larger is the number of the forbidden'states, the larger should be the intensity
- and the radius of such a model poten’clal Secondly, out of the core some additional effective
potential ‘(repulsive ‘or attra,ctlve) appea.rs "The latter can- sugmﬁcantly a.ﬁect the' scattering
phase behaviour. ‘Finally, decreasing or increasing the centrifugal potential occurs in the same
region. It also influences thé phase shift, especially, at high energy. The 1nter-cluster distances,
within which the Pauli principle is 1mportant depend on the cluster structure and can' be
several tlmes more tha.n ‘the radlus of the cluster 1nteract10n 1nduced by the nucleon-nucleon
potential.

If there are several open channels, the antlsymmetnzatlon effects take part in the formation
of the cross-sections of the inelastic scattering accompanied by the excitation of the clusters or
their rearrangement. The eigenphases for some multi-channel systems were calculated and the
fact of their quasi-intersection was established.

A considerable intensification of the antisymmetrization effects is observed in the case  when
different cluster conﬁguratlons are taken into ‘account, 31mu1taneously Spec1al attentlon is paid
to the multi-channel cluster structure ®He+%He as well as to the difficulties : arising in the
coupled-channel problem (*He+SHe and “He+%He coupled configurations were considered). In
the latter case the Pauli principle, even without a participation of the nucleon-nucleon inter-
action between the nucleons belonging to the different clusters, leads to the inelastic processes
and ensures an existence of both the bound state and resonance in the 2Be compound nucleus.
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% .*Energy dependence of total reaction cross section
. of 5111con 1nduced by 4He and He ions
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One of the most exciting recent events in nuclear physws has been the’ discovery of
- extended neutron distributions i 1n exotic neutron-nch nuclei such as e.g: SHe via total reaction
cross section ( O'R) A O'R asa function of the energy shows a remarkable sensxt1v1ty to the halo
structure of the exotic nuclei, especially at low energles The energy dependence of oy, for the
‘46He + Si. was measured by the transmxssmn techmque Neutron and matter dens1ty

' distributions of 6He were obtamed on the basxs of the analysxs of expenmental excitation

“+ function of ox.
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-In beam y-ray spectroscopy of llght neutron rlch nuclel
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In-beam y-spectroscopy using fragmentation reactions of both stable and radioactive
beams have been performed in order to study the structure of excited states-in neutron rich
oxygen isotopes with masses ranging from A=20 to A=24. For the produced fragments,
gamma-ray energies, intensities and y-y coincidences have been measured. Based on this
information new level schemes have been proposed for 2220 up to the neutron separation
energy. The non observation of any gamma decay branch from 20 and 2O strongly
suggested that their excited states lie above the neutron decay thresholds. From this, as well
as from the level schemes proposed for 2'0 and 20, the size of the N—14 and N=16 shell gaps
in oxygen isotopes has been found to be large and consequently 20 and 2O to be doubly
magic nuclei. It appeared that while the N=16 shell gap turns out to be larger than 3 MeV in
the heaviest oxygen isotopes, it is only of the order of 1 MeV in the Silicon and Magnesium
isotopes. This can be accounted for by considering the role of the strong n-p monopole
interaction acting between the two spin-orbit partners nds;; and vds;. As the dsp, proton orbital
is emptied this interaction is released and the ds/; neutron orbital is shifted towards the fp shell
acquiring a smaller binding energy. This generates in the same time the decrease of the N=20

- shell gap and the increase of the N=16 gap. Oxygen isotopes are the extreme case where the
ntdsp, orbital being empty no ndsp-vdip is acting and subsequently the N=16 shell gap gets
relatively large. This large N=16 gap in oxygen can make the d3» neutron orbital to be
unbound which would explain why heavier oxygen isotopes with neutron numbers N=18 and
20 are unbound in contrast with F and Ne isotopes.

The improvements that EXOGAM and AGATA detector will bring in this type of
measurements will be discussed.

52



(a,2a) -quasifree scattering with ®He and ®He secondary beams on
‘He target

"~ R. Wolski!?, A.S. Fomichev! , M.S. Golovkov!, Yu.I. Orlov!, A.M. Rodin!, S.I. Sidorchuk?,
R.S. Slepnev!,.S.V. Stepantsov!, G.M. Ter-Akopian?, A.A. Korsheninnikov?, E.Yu.
Nikolskii®®, W. Mittig*, P. Roussel-Chomaz*, E.A. Kuzmin®, B.G. Novatsky5 D.N Stepanov®
and H. Simon®,

! Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia
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‘Recently ® He(a,20:)2n and 8 He(a,20:)4n reactlons have been mvestlgated at FLNR, Dubna. The
aim of the experiment is to measure internal a-2n and a-4n impulse . d1str1but10n for 6H e and ®He
nuclei respectively. The secondary 28 MeV/n %He and 25 MeV/n 8 He beams have been provxded by
a fragmentation of a primary !! B beam on beryhum productlon target and selected by ACCULINNA
separator at FLNR, Dubna [1]. A cryogemc helium cell has been used as a scattering target. The
both a-particles have been measured in coincidence by a two-arms position sensitive detector telescope
system. The telescopes of rather large solid a.ngle were set symmetrlcally respect to the beam direction
at scattermg a.ngles where most pronounce (o,2a) quasifree scattering is expected The prehmma.ry
results are discussed in terms of 6 He [2] and 8 He (3] wave functions.
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"SPECTROSCOPY AT N=28 : NEW:EVIDENCES FOR A 'LARGE REGION OF -
DEFORMATION

. S. Grévy, for. the TONNERRE collaboration .. '
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The investigation of very neutron—rlch nucle1 prov1des a fertile testmg ground for our under-
standing of nuclear structure. In the reglon of N-—28 evidence has accumulated of modifications
in the shell structure. In particular, the energies and’ B(E2) for the lowest J™ = 27 states in the
neutron-rich isotopes of Sulphur 384042445 have been measured via Coulomb Excitation [1,2],
indicating that 442445 ire moderately deformed (|82| = 0.3) and supporting an earlier sugges-
tion of a weakening of the N=28 shell closure below “®Ca. Most recently, mass-measurements
made at GANIL [3] confirmed this tendency with a dlscontmulty of the Syy, values at N=26 for S -
and P isotopes. Does it mean that the N=28 region below 3Ca is similar to the so-called “island
" of inversion” at N—20 where mtruder conﬁguratlons are known to domlnate the ground-state' 2
structure ? ' : i -

We performed at GANIL several experrments in order to collect precrse spectroscoplc infor-
' matron which are needed in order to clanfy the nature of the eﬁects occurmg around N=28 and '

isolate the underlymg mechanisms drmng the deformation: We propose to present and discuss
the last experimental results obtained through in-beam and decay spectroscopy experlments for

the Ar (Z=18), the S (Z=16) and the Si (Z=14) isotopes. From these analysis and comparisons -

with theoretical predictions, we believe that the mechanisms responsible for the deformation at
N=28 below “8Ca are differents than those occuring at N=20.
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Reaction cross section measureme’ht's of neutron-rich exotic nucleiin
the vicinity of closed shells N=20 and N=28
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a

e The study of exotic nuclei, especially the so-called magic nuclei, is of great interest to
- understand the structure and to study the competition between magicity and exoticity of nuclei
far from stability, through the evolution of shell structure and matter distribution. From
coulomb excitation and mass measurements for such nuclei, and around the N=20 and N=28
]"imaglc numbers, it appears that the character of shell ‘closure seems to be weakened. The.
';.dlscovery of isomeric state in the nuclei structure of S was the first evidence of shape
'+ coexistence around N—28 An “island”. of inversion is predicted for the neutron-rich nuclei
around N=20. At hlgh energy, from recent measurements of interaction cross section, a new
magic number N=16, which appears only in very neutron-rich nuclei, has been discovered.
Also, from the correlation between the interaction cross section and separation energy, the
anomalous structure, such as the halo and skin, can be studied. A new measurement of
interaction cross section at high energy shows the existence of skin effect in the structure of
Na and Mg isotopes. -

In this context, a new experience of reaction cross section measurement at
intermediate energy was performed at the high resolution magnetic spectrometer SPEG
installed at GANIL. The nuclei of interest were produced, in a wide range of neutron-rich
nuclei (N->Ar), by the fragmentation of a 60.3 MeV/nucleon **Ca primary beam on a '*'Ta
production target. Using a-direct method, where the Silicon detector can play a role of an
active target, the mean energy integrated reaction cross section was investigated for such
nuclei.

Assuming that the energy dependence of the reaction cross section is well described
by the parametrization of S.Kox, the reduced strong absorption radius is extracted and
compared to other results from literature. We present for the first time the results of 19 new
radius measurements (reaction cross sections). By the isotopic, isotonic and isospin
dependence, the evolution of the strong reduced radius is studied according to the excess of
neutrons. According to the large value of the radius to its neighbours, the existence of halo
effect is proposed to the nuclei of **Mg and “S. Also, a quadratlc parametrization is proposed
for the nuclear radius as a function of the isospin in the region of closed shells N=8 and N=28.
This parametrization permits to study the evolution of the radii according to the excess of both
neutrons and protons, and to give indications on the existence of such structure anomaly: skin
and halo.
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The, behaviour of nuclear structure far from stability belongs to the topics, that attract an attention of the
physicists. Magic numbers were, and they still are, an important clue for the understanding the nuclear structure.
Climbing up from the ’valley of stability’, traditional magic numbers tend to loose their 'magic’ behavior and
for example 'the good old’ magic number N=20 disappears with decreasing number of protons, starting with
Z=12 in %Mg. The region of deformation found in this part of the table of isotopes was named "Island of
Inversion” thus pointing out the origin of the effect - a dommatlon of deformed fp-configuration in ground state
wave function [1]. The heaviest known fluorine xsotopes 2931F, neighbouring to the Island of Inversion, bind
20 and 22 neutrons and although their structure is not yet studxed in experxment fp-shell and p-n interaction
probably play an important role in their bmdmg ‘

Just the next magic number N=28 is - in the Smelar manner - getting weaker with the decreasing number of
protons. Sulphur isotopes 4025 were found to be deformed and #4S (N=28 Z=16 nucleus) has the spherical- .
deformed mixed configuration {2].

The 2p2h excitations across the gap from 7/2 to p3/2 neutron orbits (being the proBable reason of the defor-
mation) appear in excited states in Argon isotopes (Z—18) 45,46 that were studied with in-beam gamma ray
spectroscopy [3]. - : ‘ ,

We present expenmental the data on 4445 46Ar lsotopes obtamed w1th LISE3 spectrometer at GANIL [4] Decays
of #44548C] were measured by two coaxial HPGe and one four-fold clover detectors, TONNERRE neutron array
(5] was used to analyze neutron spectra from beta-n decay branches New levels and transitions were found in
Ar isotopes; the- probable second 3/2- state, predxcted to carry la.rge intruder strength was observed in “SAr.
Values of log(ft) were deduced , : :
References .

(1] EK.Warburton et al., Phys.Rev. C41 (1990) 1147.
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Resonance Reactlons with Rare Isotope Beams:and Nuclear Structure beyond
the dr1p line.
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Skorodumov®, R.S. Slepnev®, G. Ter-Akopian®, W.H. Trzaska), R. Wolski®, A. W&hr®
%) Physics Department, University of Notre Dame, Notre Dame, IN 46556, USA.
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©) Joint Institute of Nuclear Research, Dubna, Russia.
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Exotic nuclei exhibit qualitatively new phenomena and.provide a new testing ground
for our understanding of quantum many-body systems. Recent developments of experimental
techniques and achievements in the production of Rare Isotope Beams provide a unique
opportunity to study these exotic nuclear systems. Resonance reactions in conjunction with
Rare Isotope Beams are powerful tools for the spectroscoplc studies of light exotic nuclei on

_ both proton and neutron rich sides of the drip line (see Refs. [1,2,3,4,5]). ‘

Resonance elastic scattenng of RIBs on protons using thick target and 1nverse kine-
matlcs approach [6] is now a widely used ‘technique. Apphcatlon of this technlque for the
spectroscopy of unstable 1°F isotope will be discussed. In these measurements ev1dence was
obtained for the increase of the diffuseness parameter of nuclear potential. Until recently
only proton rich isotopes were successfully studied via resonance scattering reactions. Now
it has been shown-that resonance reaction studies can be extended to the neutron rich side.
Heavy helium isotopes "He [5] and “He [4] were studied through the isobaric analog states in
"Li-and ?Li respectively by means of two different resonance reactions (p,p) and (p,n). Reso-
nance yields of n-v coincidences were observed for the first time in reaction *He(p;n)8Li(0%).
These results as well as perspectives for such studies will be presented.

[1] L.Axelsson et al., Phys. Rev. C54, R1511 (1996).

[2] G.V. Rogachev et al., Phys. Rev. C64, 061601(R) (2001).
[3] V.Z. Goldberg et al., Phys. Rev. C69, 031302(R) (2004).
[4] G.V. Rogachev et al., Phys. Rev. C67, 041603(R) (2003).
[5] G.V. Rogachev et al., Submitted to Phys. Rev. Lett.

[6] K.P. Artemov et al., Sov. J. Nucl. Phys. 52, 408 (1990)
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Search For Tetraneutrons In The Breakup Of He
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! Université Libre de Bruxelles, CP226, B-1050 Bruxelles, Belgium
2 Laboratoire de Physique Corpusculaire, IN2P3-CNRS, ISMRa
et Université de Caen, F~14050 Caen cedex, France
3 Centre de recherche du Cyclotron, UC L, B-1348 Louvain-La-Neuve, Belgium
* School of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT, UK.
5 Instituto de Estructura de la Materia, CSIC, E-28006 Madrid, Spain
® Department of Physics, University of Surrey, Guildford, Surrey, GU2 7XH, UK.
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Abstract:

A new approach to the production and detection of neutron clusters was recently
proposed by the DEMON-CHARISSA collaboration. Its application to the breakup of '“Be
into '°Be and 4 neutrons revealed 6 events that exhibited the characteristics of a *n state, either
bound or resonant. We have applied the technique to the breakup of another system-that could
be seen as a core plus a “n cluster, *He. Preliminary results present 12 events in the “He+*n
channel exhibiting the characteristics of a “n state: an alpha particle in coincidence with the
high-energy recoil of a proton in the liquid scintillator of DEMON: The simulations in
progress will be discussed in order to clarify the origin of these events. We have also
determined the energy surfaces by a microscopic theoretical approach using the Generator
Coordinate Method in a four-centre model where the neutrons are located at the apexes of a
tetrahedral configuration. :

Scatter plot and projections onto both
tin axes of the particle identification

parameter PID vs Ep/En for the data
from reaction (*He,X+n)

192
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SEARCH F OR f‘TETRANEUTRON” VIA THE d(sHe, SLi)4n
TRANSFER REACTION
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L. Nalpas 3 A Oberte111(3), E.Pollaco 3), E. RlCh(l), P.Roussel- Chomaz(4) D. Santon001to(5)
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® LNS Catama INFN Italy

Theoretical calculations as well as previous experimental results from fission, spallation
and double charge exchange reactions have concluded against the existence of bound
multineutron clusters. But the recent availability of intense neutron-rich RNB provides the
opportunity to reinvestigate this long-standing problem ,in a highly selective way. The
existence of a bound 4-neutron system has been recently suggested by experimental results on
1Be breakup, six events being compatible with an interpretation in terms of a bound state [1].
If confirmed, the observation of a “Tetraneutron would require an 1mportant revision of the
existing models of nuclear forces:

We will report on a recent dedicated experimental search for the Tetraneutron via the o~
particle transfer reaction (d, Ll), in inverse kinematics us1ng incident ®He at 15.8 MeV/A
delivered by SPIRAL at GANIL and CD; targets This missing mass measurement may treat
an eventual bound state and unbound resonance of the 4n system on the same’ footmg, in an
unamblguous way, and measure its energy.

Kinetic energies and angles of SLi gjectiles were measured by the array of pos1t10n sensitive Si
detector MUST -[2] coupled w1th thinner Si detectors for particle identification. Neutrons
emitted in coincidence with °Li were also detected by plastic detectors for background
reduction. The accuracy of the excitation energy 6pectrum determination has been checked,
using well-known states in ®Be, produced by 12C(d,Li) transfer reaction.

The 4n excitation energy spectrum has been measured up to 20 MeV. The hlgh energy
region is well reproduced by a 5-body phase space calculation, considering no final state
interaction in the 4n system. At low energy, in spite of low statistics, the spectrum exhibits a
deviation consistent with  a resonant-like structure at 2.5 MeV, which has to be confirmed by
a forthcommg experiment. ‘ ' :

[1] F.M.Marques et al., Phys.Rev.C65,044006(2002)
[2]Y.Blumenfeld et al., Nucl.Instr.Meth.A421,479(1999)
[3] S.Pieper, Phys.Rev.Lett.90,252501(2003)
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Exploring the shell structure of neutron-rich nuclei by means of mass
measurements at GANIL

B. Jurado?, H. Savajols?, W.Mittig?, C.E. Demonchyﬂ, P, Roussel-Choma.zﬂ A. Gillibert®, A. Obertelli®,
F. Rejmund?, M. Rejmunds, L. Glot‘ A. Khaouajas, A.Villaris, N. Orrs, Y.E. Penionzhkevichd, S.M. Lukyanovd
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a GANIL, B.P.5027, F-14076 Caen cedex 05, France,
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¢ LPC-ISMRA, Bd. Maréchal Juin, 14050 Caen cedex, France,
d LNR, JINR, Dubna, P.O, Box 79, 101 000 Moscow, Russia,

e Nucl.Phys.Inst, ASCR, 250 68 Rez, Czesh Republic,

g University of Liverpool, GB,
k University of Sao-Paulo; Brasil,

. & University of Surrey, GB.

One of the most mtngumg questlons that emerge from the study of exotic nuclei is the

persistence of shell closures, that is, the persistence of regions of exceptional stability.

The mass of a nucleus is directly related to its binding energy. Therefore, the

systematic study of the nuclear masses along an isotopic chain allows localizing the

- regions where ‘a reorganisation of the shell structure. appears. -However, mass
“measurements of very exotic nuclei: represent a real challenge due to the very low
productlon cross-sections and short lifetimes. : .

Smce the 805 the mass measurements carned out at GANIL usmg the. d1rect
time-of-flight technique at the_high-resolution spectrometer. SPEG . ~have dec1s1vely
contributed to the determination of the masses of light neutron-rlch nuclei [1]. This
technique has been recently applied to further extend the mass measurements around
_shell closures N=20 and N=28 towards the neutron drip line.. ThlS region is h1ghly
interesting as previous mass measurement campaigns and other spectroscoplc studles
have evidenced the vanishing of these two, shells. In pamcular important effects
could appear-around shell closure N=28 due to the weakening of the Sp1n~0rb1t
interaction that is predicted theoretically for very neutron-rich nuclei [2]. This mass ‘
‘measurement technique and the first results of the last campaign with around 9 new
masses and the improved resolution of 25 masses will be presented

One of the: b1g puzzles concermng the structure of 11ght neutron-rich nuclei is the ‘
particle instability of O isotopes. startmg from *0, while the F 1sotopes, with just one
additional proton, are bounded up. to °'F.. Several theoretlcal models state that this
jump in the neutron drip line is due to the existence of a shell closure at N=16 for
neutron-rich nuclei [3]. However, a quantitative understandlng has not yet been
achieved. In this context, a fundamental experimental quantity is the mass of the *O.
A new experimental method that has been recently applied at GANIL to measure the
mass of the 20 and other neighbouring nuclei will be described. This powerful
technique uses the active target MAYA [4] and allows determining masses of bound
and unbound nuclei with a precision of around 10

' H. Savajols et al., Hyperfine Interactions 132 (2001) 245
% G. A. Lalazissis et al., Phys. Lett. B 418 (1998) 7

*T. Otsuka et al., Eur. Phys. J. A 13 (2002) 69

* W. Mittig et al., Nucl. Phys. A 722 (2003) 10c
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- Interaction of *He and *Li nuclei with gaseous hydrogen
<. - and deuterium targets.
A.M.Rodin, M.S.Golovkov, A.S.Fomichev, S.I.Sidorchuk, R.S.Slepneyv,
S.V.Stepantsov, G.M.Ter—Akopian, M.L.Chelnokov, |
V.A.Gorshkov, Yu.Ts.Oganessian,
Flerov Laboratory of Nuclear Reactiohs, JINR, 141980 Dubna, Russia

R.Wolski,
Institute of Nuclear Physics, Cracow, Poland

A.A:Korsheninnikov, E.Yu.Nikolskii
RIKEN, Hirosawa, Wako, Saitama 351-01, Japan ~

.+ .. Secondary beam, consisting of 6He(76%) and 8Li(24%) nuclei with energies of
~ 132MeV and 222MeV, respectively, was used for studying nucleon transfer reactions on
' gaseous hydrogen and deuterium targets cooled down to the temperature of about 25K, In
~ the case of *He projectile the 1n transfer reaction ’H(*He,t)°Heg(—*He+n) in the angular

““'range 120°<0cm<160°, as well as the 2n transfer reactions 'H(°He, He)t (50°<0cv<145°)
¢ “and ,.2H(6Hc,‘4He)4H.'(—>t+n) (125°<6cM<155°), were investigated. The results obtained

: »were analyzed in terms of the DWBA method. Besides, the differential angular
- distribution for the elastic scattering reaction 2H(6He,6He)d was obtained for the angular
range of 70°<Bcm<135°. The optical potential parameters: were determined from these
data. As to the °Li projectile, the 1n and deuteron transfer reactions “H(®Li,t)’Li" and
'HCLi, *He)’He", respectively, were studied. In the preceding reaction, the population of
well-known resonances of 'Li with the isospin T=1/2 was ascertained through the
observation of the "Li’—>t+*He decay mode. The population of the isobaric analogue state
of "He in 'Li with the isospin T=3/2 was well seen due to the detection of the
_7Li'—>p+6He decay mode. In the latter reaction, VIH(SLi, 3He)6He“, an indication on the
existence of a 2" exited state of ®He" in the ®Li structure followed from a relatively high
probability obtained for the *He—‘He coincidence events, where “He comes from the
*He(2")—*He+n+n decay mode.

Parameters of beams of light neutron-excess nuclei (6He, *He, 84, °Li, Hij, etc.)
available from the upgraded separator ACCULINNA [1] will be presented in the light of
perspectives of using these beams in the further study of transfer reactions.

References:

1. A M.Rodin, S.V.Stepantsov, D.D.Bogdanov et al., Nucl. Instr. And Meth. B204 (2003)
114-118. '
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H. and *He (T=3/2) nuclei observed in ‘He(d,’He) and *He(d,t)
transfer réaCtiohs"“:it 25 AMeV
A.S: Fomichev, S.V. Stepantsov, M.S. Golovkov, A.M. Rbdih, S.I. Sidorchuk,

R.S. Slepnev, G.M. Ter?Ak'opian,'M‘.L.‘Chelhok'd{'; V.A. Gorshkov,
R. Wolski, and Yu.Ts. Oganessian

'F lérov Labbr"a‘torjl ‘of Nitcledr Rédétibns, JINR, 141 980 Dubnd, Russia

A.A. Korsheninnikov, E.Yu. Nikolskii, and I. Tanihata
RIKEN, Hirosawa, _‘deo, Saitama 351-01, Japan

Ground state résonance of the SH nucleus at 1.8+0.2 MeV above the t+n+n decay
threshold with the resonance width FWHM=1.310.4 MeV was observed in the reaction
6He+d—"He+H. The position of the resonance agrees with the data of the
6He+p—>2He4.~5H and t+top+H reactions [1,2]. At the same time the reaction
SHe+d—s>t+ He was also studied. Three known “He resonance states located at E*~20.0, |

21.4 ‘and 24.0 MeV were clearly seen in the decay mode *He—t+d. Besides, the
observation of the decay modes SHe—>He+n+n and °He—t+p+n revealed a new |
previously unknown resonance state of ° He lying‘ at excitation energy of 21.6£0.2 MeV.
The. estimated resonance width is. FWHM=2.0£0.4 MeV. One can conclude that this
resonance. is the T=3/2 isobaric analogue state of SH observed in-°He. Within the |
experimental errors, the energy position of this *He resonance coincides with the energy

of the analogue state derived from the SH ground state energy equal to 1.8+0.2 MeV.

1. A.A. Korsheninnikov ef al., Phys. Rev. Lett. 87, 092501 (2001).
2_;.&;M,S‘;“,,Gc)lﬂovkov‘et al.; Phys. Lett. B566, 70 (2003).
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'NEW EMPIRICAL-ANALITICAL TREATMENT OF NUCLEAR LEVEL
' STRUCTURE
'N.I Tarantin

Joint Institute for Nuclear Research, Dubna, Russia

A number of ways are known of identifying features nuclear structure and magic
numbers. They use the discontinuities in binding energy, the separation energy of one or two
last nucleovns — neutrons or protons, two-nucleon pairing energy, o- and B-décay energies and
so on. To gain a better insight into the nuclear structure, a new method is proposed [1] that
uses the deviatiohs of the separation energy, which is based on experimental data on nuclear
masses.. The method allows the smooth liquid drop enefgy as well as nucleon pairing
staggering to be excluded; the changes in the shell energy. This method confirmed uhe
existence the known nuclear shells with N=126; 82, 50, 28, 20 and Z=82, jSO, 28, 20. This
method enabled the discovery of some features in ~nuclear structure connected with the

neutron numbers N=56, 30, 15, 14 . and with the proton numbers Z=15, 14.

1. N.I. Tarantin. The Intern. Conf. “Nuclear Structure and Related Topics”. Dubna,
Russia, June 6-10, 2000. Contributons, p. 81

63



Decay schemes of nuclei far from stability
LN.Izosimov

) Khlopin Radium Institute,
194021 St.Petersburg, 2" Murinski avn.28,
Russia

Level occupancy after the B-decay, I(E), the half-life T;. and the B-decay

strength function Sp(E) are connected as [1]:

 I(B)=SE) Tz Q- B),

where Qg — is the total energy available for the p-decay, E — excitation energy of the
daughter nucleus and f(Qp-E) is the Fermi function. Sp(E) describe the nuclear part
and f(Qp-E) describe the leptonic part of B-transition. Fermi function decrease with
excitation energy increasing and as a role the more intensive B-decays populate the .
levels with low excitation energies. But from the nuclear structure and the weak
interaction in the nuclei points of view the most interesting p-transitions populate the
levels with sufficiently high (more than 4 MeV) excitation energies where in Sy(E) a
strong resonances or it’s tails may be observed. Also a lot of nuclear levals and y-
transitions may not be identified in decay schemes because of high levels density and
not so strong P-transitions to the levels at high excitation energy. In the nuclei far
from stability the Qg values-are high enough for observation resonance structure in
Sp(E). '

In this report the applications of the total absorption y-ray spectroscopy
(TAGS) [1-3] and it’s combinations with high resolution spectroscopy methods for
the B-decay strength function S(E) measurement, for the total B-decay energy Qp
determination and for the decay schemes completeness testing are presented. It is
shown that in the medium and heavy nuclei more than 30%-50% of the PB-decays to
the nuclear levels with excitation energies E>2-3MeV may be not identified in decay
schemes. For weak interaction in the nuclei study, for nuclei models testing and for
correct decay heat calculations it is necessary to have sufficiently complete decay
schemes of nuclei, data on Sg(E) and Q. The possibilities of the TAGS spectroscopy
in combination with the high resolution y-spectroscopy for sufficiently complete
decay schemes construction are presented.

[1]. Naumov Yu.V., Bykov A.A,, Izosimov I.N. Sov.J.Part.Nucl.,, 1983, v.14(2),
p.175. ‘

[2]. Izosimov LN. Phys.Part.Nucl., 1999, v.30(2), p.131.

[3]. Izosimov LN., Kazimov A.A,, Kalinnikov V.G., et al. Physics of Atomic Nuclei,
2003, v.66(9), p.1636.
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Complex Study of ;the,Direct Reactions.z.,H(t,p) and ?H(t,d) Induced by 58-MeV Tritons
S.IL Sidorchuk‘f,,A.S;»FOmicheva, M.S. Golovkov?, Yu.Ts. Oganessian®, A.M. Rodin®, R.S. Slepnev?,
S.V. Stepantsov’, G.M. Ter-Akopian®, R. Wolski*®, E.M. Kozulin®, A.A. Bogatchev?,

N.A. Kondratiev?, AA. Korsheninnikov®, E.Yu. Nikolskii®, F. Hanappe?, T. .Maternad, L. Stuttge®,
A.H. Ninane’
® Flerov Laboratory of Nuclear Reactions, JINR, Dubna, 141980 Russia

b Instituie of Nuclear Physics, Cracow, Poland
° RIKEN, Hirosawa 2-1, Wako, Saitama 351-0198, Japan
4 Universite Libre de Bltxelles, B-1050, Belgium o
¢ Institut de Recherches Subatomzques F-67037 Strasbourg Cedax F rance
f University of Lovain, Nuclear Physics Department Ch. du cyclotron, 2-1348 Louvam-la-Neuve Belgium

Final State Interactions (FSI) and Quas1free Scattering (QFS) on bound nucleons were
‘studled in the reactions 2H(t,p) and 3H(t,d) Data obtained in. complete kinematics measurements
with a detection system of a large acceptance allowed for a careful consideration of competing
processes in the output channels associated with the observation of p-t-n and d-t-n events in the first -
and second reaction, respectively. In the expenments, we used a primary 58 MeV triton beam
delivered from the cyclotron U400M (FLNR, 'Dubna) and liquid tritium and deuterium as targets.

We have made sure that FSI.; and FSIn dommate in the reaction 2H+t—->p+t+r1 Besides,
QFS of a bombardmg triton on a proton bound in deutenum strongly contrlbutes in the p-t-n output
channel. Respectively, in the case of the reaction SH+t—d+t+n the main processes are FSI,. and
QFS of a triton on a deuteron bound in the target tritium nucleus. - '

The description of the data gave the resonance parameters of the 4H‘grc‘>und state (J* = 27):
Ers=3.05(19) MeV, y 2=3,03(65) MeV. ‘These values are in good agreement with those found in Ref,
[1] by means of charge symmetric reflection of the “Li R-matrix parameters. The pole of S-matrix
corresponding to the physical values of energy and width of the 2~ state, E;=1.99(37) MeV,
=2.85(30) MeV, was extracted. The differential cross-section of the reaction *H(t,p)*H measured
ina CM angular range 36° — 50° was found to be uniform and makes 1.8(7) mb/sr.

Intense neutron localization near the origin of the laboratory system was attributed to the -
QFS of beam tritons on nucleons bound in target nuclei. For both reactions, the measured spectator
momentum distributions were consistent with the corresponding wave ‘functions in the momentum
presentation. Our data show that, at energy of some tens of MeV, QFS takes place on nucleons
corresponding to the tails of the wave functions. The cross-sections of QFS on particles bound in 2H
and *H are surprisingly similar: 200 and 180 pb/sr, respectively.

References
1. D.R. Tilley, H.R. Weller and G.M. Hal¢, Nucl. Phys. A541 (1992) 1.

65



N = 16 subshell closure from stability to the neutron drip line
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The sequence of magic-numbers for stable nuclei was reproduééd for the first
time fifty years ago, and is now well understood. However, the strength of
shell effects may evolve from stability to.the drip lines. It may decrease, as
already observed for N = 20 in the neutron rich region [1]. It may increase as
well, and give rise ‘to new magic numbers not observed at stability. N = 16

_is suggested.to be one of them [2]. . In this communication, a complete -
survey of even-even N = 16 isotones from stability to the neutron drip line
is presented, including recent theoretical and experimental works. -

A study was,performéd within a microscopic Hartree-Fock-Bogoliubov ap-
proach using the Gogny-D18 force [3]. N = 16 is found to be a spherical
‘magic number for 240 -and #C. " Collective states are obtained from the
Generator Coordinate Method with.the Gaussian Overlap Approximation. .
Results are compared to available experimental data. o
Spectroscopy of low lying negative parity states of N = 17 isotones may
give valuable information about-sd — fp gap evolution for N =16 nuclei
with a decreasing number of protons. Preliminary results of a transfer ex-
- periment 26Ne(d, p)*"Ne at GANIL with the EXOGAM and VAMOS [4]

_ spectrometers will be shown.

(1] S. Péru, M. Girod, and J.F. Berger, Eur.Phys.J. A 9, 35 (2000)

[2] A. Ozawa et al., Phys. Rev. Lett. 84, 5493 (2000)

[3] J. Dechargé and D. Gogny, Phys. Rev. C21, 1568 (1980)

[4]. R. Anne, Proc. Exon 2001 on ezotic nuclei, Baikal, Russia, edited by
Y. E. Penionzhkevich and E. A. Cherepanov, World Scientific, 619 (2001)
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Shell model treatment of neutron—rlch nuclei near 78N1

A F. L1setsk1y1 B. A. Brown! , M. Hor012 H. Grawe?
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East Lansing, Michigan 48824-1321
? Physics Department, Central Michigan University, Mount Pleasant,
Michigan 48859
% Gesellschaft fiir Schwerionenforschung mbH, D-64291 Darmstadt, Germany

Neutron-rich nickel isotopes in the vicinity of 28Niso are currently in the focus
of modern nuclear physics and astrophysics studies. The interest in this region
is motivated by the doubly magic nature of J5Ni and understanding the way in
which the neutron excess will affect the propertles of nearby nuclei.” The shell-model
orbitals for neutrons in nuclei with Z = 28 and N=28-50 (°°Nj-"®Ni) are the same
as those for protons in nuclei with N=50 and Z=28-50 ("®Ni-!®*Sn). Thus it is
of interest to understand the similarities and differences in the properties of these
nuclei with valence-mirror symmetry. The astrophysical importance is related to
the understanding of the nuclear mechanism of the rapid capture of neutrons by
seed nuclei through the r-process. The path of this reaction network is expected
in neutron-rich nuclei for which there is little experimental data, and the precise
trajectory is dictated by the details of the shell structure far from stability.

This contribution reports on results obtained with new effective interactions
for the pfs/2g9/2 model space derived from a fit to experimental data for Ni isotopes
from A = 57 to A = 78 and N = 50 isotones from "?Cu to %Sn for neutrons and
protons, respectively. Predictions for the ™~"Ni isotopes are made using the new
effective interaction. The calculated structures of the 88707274 76N isotopes and the
907r, 92Mo, #Ru, %Pd, %Cd are compared and analyzed with respect to the valence
mirror symmetry concept. Our work provides a much improved Hamiltonian for
Z = 28 over those considered in smaller model spaces and a new Hamiltonian for
N = 50 that is similar to those obtained previously.

Full configuration mixing calculations for neutrons or protons in this model
space are relatively easy. The work we describe here on the T' = 1 effective inter-
actions will provide a part of the input for the larger model space of both protons
and neutrons in these orbits. This proton-neutron model space is computationaly
feasible with conventional matrix-diagonalization technigues for many nuclei in the
mass region A=>56-100, and Monte-Carlo techniques can be used for all nuclei.
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NEUTRON DRIP LINE and
PECULIARITIES OF O-Mg ISOTOPES

S M Lukyanov Yu E Pemonzhkevnch
F lerov Laboratory of Nuclear Reactzon JINR Dubna, Russia

The neutron drip line in the oxygen-magnesmm region has been explored by
the projectile fragmentation of a **Ca beam usmg the fragment separator LISE at
GANIL. New neutron-rich isotopes, **Ne and **Na, have been observed together with
some evidence for the particle instability of' *Ne and **Na [1].

Recent data on mass measurements of neutron-rich nuc1e1 at GANIL and some

- characteristics of binding energies in this region are discussed. Nuclear. binding

energies are very sensitive to the existence of nuclear shells and together with the
measurements of instability of doubly magic nuclide 280 they provide information on
changes in neutron shell closures of very neutron-rich isotopes from carbon up to
calcium. The conclusion about rearrangements in neutron shell closures is given [2,3].
.The spectroscopic -measurements can reveal details of the underlying
microscopic structures, the in-beam y-ray spectroscopy is an effective tool to check

- for shell closures.This result of the y-ray energles of the first 27 level for even-even

nuclei for are discussed [3,4].

S M Lukyanov, Yu EPemonzhkewch RAstabatyan etalJ. Phys G: Nucl. Part. Phys. 28
- (2002) L41-L45

S. M. Lukyanov et al AJEPHAA ®HU3HKA, 2003, mom 66,9, c. 1-4

S. M. Lukyanov*, Yu. E. Penionzhkevich Preprint JINR E7-237-2003 -

Yu. S. Lutostansky , S.M. Lukyanov, Yu. E. Penionzhkevich , M. V. Zverev
Particles and Nuclei, Letters. 2002. No. 6[115]
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Direct Mass Measurements of Short-Lived Neutron-Rlch Fission
, Fragments at the FRS- ESR Facility at GSI

M. Matos', Yu. N. Novikov?, K. Beckert1 P. Beller, F. Bosch1 D. Boutm
T Faestermann B. Franczak1 B. Franzke H. Geissel™*, M. Hausmann E. Kaza',
0. Klepper', H-J Kluge', C Kozhuharov K-L Kratz’, Yu A. L|tV|nov L Maler3
G. Munzenberg F. Nolden', T. Ohtsubo A. N. Ostrowsk| Z. Patyk B Pfelffer
M Portillo®,; C. Schendenberger J. Stadlmann M. Steck’, D Vieira®, H. Weick',
M. Winkler™, H. Wollnik®, T. Yamaguchl

' GSI Darmstadt, D-64291 Darmstadt, Germany
2St Petersburg Nuclear Physics Institute, Gatchina, 188300 Russia -
8 Technische Universitit Minchen, D-85748 Garching, Germany
4 Justus-Liebig Universitit Giessen, D-35390 Giessen, Germany
°Los Alamos National Laboratory, Los Alamos, NM87545, U.S.A.
® Niigata University, Niigata 950-2181, Japan
7 Johannes Gutenberg Universitit, 55099 Mainz, Germany
®Institute for Nuclear Studies, 00681 Warsaw Poland
M/ch/gan State University, East Lansing, Mi 48824, USA
"9Saitama University, Sakura-ku, Saitama 338-8570, Japan

Masses of more than 280 neutron-rich isotopes have been measured by using
Isochronous Mass Spectrometry (IMS) and 41 mass values have been determined
experimentally for the first time. Fission of relativistic uranium projectiles in a be-
ryllium target was used as a source of neutron-rich nuclei. They were separated in-
flight with the fragment separator FRS and injected into the storage ring ESR that
was operated in the isochronous mode as a high-resolution time-of-flight mass
~ spectrometer. Highly-charged ions were identified simultaneously in a mixture of
nuclides with well-known masses and with masses to be determined.

In this first production run, a mass resolving power of 2.5x10° was achieved.
The uncertainties in mass determination were between 140 and 400 keV. Aithough
®Br with T1,2,=102 ms was the nuclide with the shortest known half-life that we have
observed, the method provides a possibility to measure masses with half-lives as
short as 100 ps.

The newly measured masses belong to very neutron-rich nuclei close to the r-
process path. These values are essential for better mass value predictions of those
nuclides that take part in the r-process. The various mass predictions show
significant deviations from the experimental values that increase towards the more -
ﬁ)ﬁOth neutron-rich regions. The extrapolations [1] are off by 1.5 MeV for "®Nb and
" "Te.,

The measurement of fission products covered alarge area of nuchdes and
demonstrated the potential of the IMS technique. This pioneering experiment in
the area of neutron-rich nuclides showed that this region is not well described by
present theories. Therefore, mass measurements of neutron-rich nuclides remain
an important task for nuclear structure physics and astrophysics.

[1] G.Audi et al., Nucl. Phys. A729 (2003) 337
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Identlﬁcatlon of neutron—rlch nucle1 at the PRISMA spectrometer

M. Trotta'!, B. R. Behera!, L. Corradl E. Floreno A. Gadea A Latma S. Szﬂner AM. Stefanini’,
S. Beghml G. Montagnoh ,F Scarlassara G. Pollarolo

YINFN, Laboratori Nazionali di Legnaro, I 35020 Legnaro, Padova, Italy = ;-
* Dipartimento di Fisica and INFN Sezione di Padova, I-35131 Padova, Italy
" 3 Dipartimento di Fisica and INFN Sezzone di Torino, Torino, ItaIy

PRISMA isa magnetlc spectrometer for heavy ions {1] recently mstalled at Laboraton Nazmnah di Legnaro It
is designed for the A=100-200, E=5-10 MeVxA beams produced by the posmve ion injector PIAVE and by the
Linac ALPI. PRISMA consists of 3 quadrupole singlet followed by a dipole; it has a very large solid angle (80
msr), momentum acceptance (£10%), good mass resolution (1/300) via TOF and can rotate around the target in
the range [-30°,+130°]. The ion tracks are software reconstructed using the position, time and energy signals
from the entrance and focal plane detectors, and the detalled knowledge of the magnetlc fields.

Multinucleon transfer reactions between heavy ions at energies close to the Coulomb barrier are presently
considered as a possible tool, at least for certain mass regions, for the production of nuclei far from stability
[2,3]. First experiments on heavy-lon grazing colhs]ons were performed recently using PRISMA, so to
investigate the dynamics of the reactions and the populatlon of neutron-rich nuclei by such reactions. The A~60
and A~80 mass regions were populated using %*Ni and *Se beams, respectively, onto ***U targets. Neutron-rich
nuclei in such mass regions were identified by PRISMA. A typical (preliminary) mass distribution of Ge
isotopes (-2p£xn channels) from the reaction *Se+***U at 555 MeV is shown in the picture. The coupled
operation of PRISMA with the array of Clover y detectors 'CLARA allows to perform detailed spectroscopic
studies of nuclear structure in those mass regions.

Mass distribution of Ge isdtopes from the reaction
828¢ (555 MeV) on 28U, By, = 66.7% 0.7°, q = 26+
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(1] A. M. Stefanini et al., LNL Annual Report 2002, pp. 147, 148, 150, 152.
[2] NUPECC Report, Nuclear Physics in Europe, December 1997, J, Vervier et al. Eds.
[3] C.H. Dasso et al., Phys. Rev. Lett. 73 (1994) 1907.

tPresent address: INFN Sezione di Napoli, I-80126 Napoli, Italy
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Elastic and Inelastic Scattering of *Lion "’C at 63 MeV

V.A Maslov, R.A.Astabatyan, A.S.Denikin, A.A.Hassan, R.Kalpakchieva, 1.V.Kuznetsov,
S.P.Lobastov, S.M.Lukyanov, E.R.Markaryan, L.Mikhailov, Yu.E.Penionzhkevich,
N.K.Skobelev, Yu.G.Sobolev, V.Yu.Ugryumov, J.Vincour, T.K.Zholdybaev

Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia

The first stage of experiments, designed to study the structure of the ®He nucleus and the
mechanism of *He-induced reactions, is presented It seems that a correct way to reach this goal
is to directly compare reactlons induced by *He and °Li on different targets. For this reason, as a
first step the scattermg of a °Li beam on a '’C- -target at 63 + 0.5 MeV has been studied. The
reaction products were analyzed by the FLNR magnetic spectrometer MSP- 144 [1] and 1dent1ﬁed
by a focal plane detector consisting of position sensitive proportional counters and an ionization
chamber. The angular distribution was measured in the angular range of 10° to 95° in the center-
of-mass’ system (c.m.s.). The inelastic scattering data were taken for excrtmg the 2" (4. 44 MeV)
- state in 12C. This extends the data, obtained earlter at the same energy [2].

The obtained angular distributions were interpreted in the framework of the optical model.
The calculations of the angular distributions of inelastically scattered °Li nuclei were carried out"
within the method of DWBA A parameterization of the phenomenological potential is suggested
for the elastic scattering of SLi on different target nuclei [3]. Good agreement between the
calculations and the experimental data is obtained.

In the next experiment we plan to continue these 1nvest1gat10ns at the accelerator complex for
radioactive beams DRIBs FLNR. The first reaction to be studied is °He + '°C at about 10 MeV/A.
The magnetic spectrometer will be used for forward angle measurements, while backward angles
will be covered by the kinematic-coincidences method. Comparing the data for this reaction with
the previously obtained data for the SLi + C can reveal any possible difference in the optical
- potential for the two isobaric nuclei *He and °Li, which in turn will let us draw conclusions about
any difference in their structure. It is also possible that extending the angular range measured for
the ®He + '>C reaction it will be possible to check the existence of a nuclear rainbow, which
would give additional information on the structure of the °He nucleus.

References:

1. A.V.Belozyorov et al., Nucl. Instr. Meth. in Phys. Research A411 (1998) 343,
2. J.E. Poling et al., Phys. Rev. C13 (1976) 6438.
3. R. Kalpakchieva et al. JINR Preprint P7-2003-132.
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'STUDY OF THE "Li+**®*Pb FUSION-FISSION REACTION

A.A.Hassan', R. Astabatyan Z. Dlouhy » R. Kalpakchleva S.P.Lobastov,
SMLukyanov ) VA Maslov', E. Markaryan J. Mrazek2
Yu.A. Muzychka Yu.E. Pemonzhkevnch N.K. Skobelev’,
Yu.G.Sobolev' , J. Vmcour2 V.Yu. Ugryumov , TZholdybaev

1. Flerov Laboratory of Nuclear Re&ctions, Dubna, Russia
2. Institute of Nuclear Physics, Rez, Czech Republic
3. Institute of Nuclear Physic, Almaty, Kazahstan

- The study of fusion reactions near and above the Coulomb barrier involving
weakly-bound or radioactive beams is one of the most challenging experimental and
theoretical 7problems in nuclear physics [1].

The "Li+*®pb fusion-fission and evaporation reactions have been investigated at
energies near the Coulomb barrier and up to 100 MeV. T he 7Li beam was produced by
the U400M accelerator at FLNR, JINR. ;

Excitation functions for the (3n, 4n and 5n) evaporation channels and fission
fragments from the 2°At compound nucleus were obtained. The analysis of the

obtained experimental data was carried

10° out using the theoretical calculation
=) 7Li+2°8Pb_ made within the code "ALICE-MP".
1E The free parameters used in the
10 b calculations were A, (the critical
angular momentum)-and 7y (interaction

10° radius) determined the geometrical size
of the nuclear part of the interaction
10’ fissi potential. The results are compared to
ISsion existing data for the *He +**Bi fusion-
10° = 3n fission and fusion-evaporation

* 4n reactions.

10 v Bn Excitation functions for the
production of evaporation residues and
3 fission fragments (solid curves) in the
10 "Li+*®pb reaction are shown in the

20 30 40 50 60 70 80 90
. ‘ Figure. The points denote the
E . (Li), MeV experimental data, the curves — the

theoretical calculations.

1. Penionzhkevich Yu.E. et al., Nucl. Phys, 1995,V. A588, p. 258;
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.. Heavy Element Research at the GSI SHIP- -

Sigurd Hofmann

Gesellschaft fiir Schwerionenforschung, GSI, D-64291 Darmstadt, Germany

The expenmental program at SHIP concentrates on the’ synthe51s of elements 113
to 115 using fusion reactions with Pb and Bi targets In addition, hot fusion reactions
using uranium targets will be studied in order to explore new possibilities of SHE
production and to synthesize heavy and superheavy nuclei with larger neutron number. In
. parallel, the detailed spectroscopy of lighter transactinide nuclei will be pursued. Higher
beam intensities expected from medium-term accelerator developments can be handled
by preparation of a homogenous beam-intensity profile, use of h1gh meltmg-pomt
chemical compounds as target materials, and add1t10na1 gas coohng

At the new SHIPtrap set-up the commissioning phase started. An experimental

program will be developed, in particular to perform d1rect mass measurements and to
explore ionization potentials. ' ‘
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Decay of an isotope 277112 produced by the 298Pb +79Zn reaction

K. Morita!, K. Morimoto!, D. Kaji!, T. Akiyamaz. S. Goto3, H. Haba!, E. Ideguchi?,
K. Katori!, H. Koura$’, H. Kudo$, T. Ohnishi!, A. Ozawa?, T. Suda!, K. Sueki?, A. Yoneda!,
and A. Yoshidal- -

1 RIKEN (The Institute of Physical and Chemical Research) Wako-shi, Saitama
351-0198, Japan

2 Department of Physics Saitama University, Sakura-ku Saitama shi Saitama

. 338- 8570, Japan ' ‘

~ 3Center for Instrumental Analysis, Niigata University Ikarashi Niigata 950- 2181

~ Japan B

4 Center for Nuclear Science University of Tokyo Wako-shi Saitama 351 0198 J apan

5 Japan Atomic Energy Research Institute, Tokal, Ibaraki 319 1195 Japan

6 Department of Chemistry, Niigata University, Ikarashi, Niigata 950- 2181, Japan

7 University of Tsukuba, Tsukuba, Ibaraki 305-8577, Japan '

We observed an a-decay chain that can be assigned to subsequent decays from
the isotope 277112 produced by the 208Pb(70Zn,n) reaction. A 70Zn beam of 349.5 MeV
was supplied from the RIKEN Linear Accelerator. The beam energy at the half-depth
of the target was estimated to be 345.9 MeV. A gas-filled recoil fon separator GARIS
was used to separate the evaporation residues from lighter ions of beam-like and
target-like atoms. Those residues were collected with a semiconductor detector placed
at the focal plane of the separator. Following the implantation signal of the
evaporation residue, four subsequent a-decays followed by spontaneous fission decay
were observed: All six events, implantation, four a-decays and spontaneous fission decay,
were observed in the same small area (3.75 mm x 0.3 mm) of the detector. The decays
were assigned to the ones of 277112, 273Ds, 269Hs, 265Sg, and 26IRf, respectively. The
present result is the first clear confirmation of the discovery of 277112 and its a-decay

product 273Ds reported previously by a GSI group.
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- ':Synthesis.and Decay Properties of Superheavy Nuclei

Yu.Ts. Oganessian', V.K. Utyonkov', Yu.V. Lobanov', F:Sh. Abdullin', A.N. Polyakov',
1.V. Shirokovsky', Yu.S. Tsyganov', G.G. Gulbekian', S.L. Bogomolov', B.N. Gikal',
AN. Mezentsev', S. lliev', V.G. Subbotin!, A:M. Sukhov', A.A. Voinov', G.V. Buklanov!,
: K. Subotic!, V.L Zagrebaevl, M.G. Itkis',
J.B. Patin?, K.J. Moody?, J.F. Wild%, M.A. Stoyer?, N.J. Stoyer?, D.A. Shaughnessy?,
J.M. Kenneally?, and R.W. Lougheed®

' Joint Institute for Nuclear Researéh, 141980 Dubna, Russian Federation
2 University of California, Lawrence Livermore National Laboratory, Livermore, California 94551, US4

N=184 were synthesized, we used the complete-fusion reactions of target and Projectile nuclei
having the largest available neutron excess: **Pu+*®Ca 1], 2*Cm+**Ca [2], and **Cf+*Ca [3]. In
all of these cases, the observed a-decay chains of parent isotopes of elements 114, 116, and 118
were- terminated by the spontaneous fission (SF) of previously unknown descendant nuclei with
Z=110[1,2] or 114 [3]. Thus, the method of genetic correlations to known nuclei has limited
application in this region for the identification of the parent nuclides. In the present experiments, we
identified masses of evaporation residues using the characteristic dependence of their production
cross sections on the excitation energy of the compound nucleus (thus defining the number of
emitted neutrons) and from cross bombardments, i.e., by varying mass number of the target nuclei
which changes the relative yields of the xn-evaporation channels. Both.of these methods have been
successfully applied in former experiments for the identification of unknown artificial nuclei.
We have studied the excitation functions of the reactions 2>*U(*3Ca, 3-4n), 2*2Pu(**Ca, 2-4n), and
24%pu(*®Ca, 3-51). The maximum cross sections for the evaporation of 2-5 neutrons in these
complete-fusion reactions were measured to be in the range of 0.5 pb to 5 pb. We also report on the
observation of new isotopes of element 116, °?°'116, produced in the ***Cm+**Ca reaction with
cross sections of about 1 pb. A discussion of self-consistent interpretations of all observed decay
chains “originating from the parent isotopes **?%%112, 28628114 29029028116 and 2118 is
" presented. The decay properties of the new isotopes of even-Z elements are compared with those of
previously known heavy nuclei and predictions of the macroscopic-microscopic theory.
For the neighboring odd-Z elements, especially their odd-odd isotopes, the probability of -

decay with respect to SF should increase due to hindrance for SF. For such odd-Z nuclei one might
‘expect longer consecutive a-decay chains terminated by the SF of relatively light descendant
nuclides (Z<105). The decay pattern of these superheavy nuclei is of interest for nuclear theory. In
the course of a series of a-decays, the increased stability of nuclei caused by the predicted spherical
neutron shell N=184 (or perhaps N=172) should gradually become weaker for descendant isotopes.
However, the stability of these nuclei at the end of the decay chains should increase again due to the
influence of the deformed shell at N=162. For these investigations, we chose the fusion-evaporation
reaction 2 Am+*Ca, leading to isotopes of element 115. With 248-MeV *Ca projectiles, we
observed three similar decay chains consisting of five consecutive o decays, all detected in time
intervals of about 20 s and terminated at a later time by SF. At the higher bombarding energy of
253 MeV, we registered a different decay chain of four consecutive a decays detected in a time
interval of about 0.5 s, also terminated by SF. The decay properties of these synthesized nuclei are
consistent with consecutive a-decays originating from the parent isotopes of the new element 115,
28115 and 287115, produced in the 3n- and 4n-evaporation channels with cross sections of about
3pband 1 pb, respectively.

[1] Yu.Ts. Oganessian et al., Phys. Rev. C 62, 041604(R) (2000); Phys. At. Nucl. 63, 1679 (2000).
[2] Yu.Ts. Oganessian et al., Phys. Rev. C 63, 011301(R) (2001); Phys. At. Nucl. 64, 1349 (2001);
Eur. Phys. J. A 15,201 (2002).

[3] Yu.Ts. Oganessian et al., JINR Communication D7-2002-287 (2002); Lawrence Livermore
National Laboratory Report, UCRL-ID-151619 (2003).

In previous experiments in which superheavy nuclei close to the predicted neutron magic number
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Effect of non-axial shapes of a nucleus on the height
of fission barriers of heviest nuclei

Adam Sobiczewski

Soltan Institute Jfor Nuclear Studies
Hoza 69, PL-00 681 Warszawa
Poland
Height of fission barrier\ is one of the essential factors deciding on the survival of a
heavy compound nucleus and, ‘thus, on the cross section for the synthesis of heaviest
nuclei. Recent calculations of this height, using avlarge (m}iltidimensional) deformation
space, are usually done with the assumption of axial symmetry of a nucleus. It has been
shown, however, that an extension of such a large space (which is difficult for
.computational reasons) by non-axial degrees of freedom may importantly decrease the
height, by up to 1.5-2.0 MeV, significantly reducing (by up to 1.5-2.0 orders of
magnitude) the calculated cross sections.
The objective of the paper is a systematic study of this effect for heavy and

superheavy nuclei.
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Manifestation of Shell Effects in Fission and Quasx-Fxssron of Super Heavy
Nuclel produced in reactlons wrth 43Ca, *8Fe and *Ni ions

M G Itk‘lS :
Flerov Laboratory of Nuclear Reactions, JINR,
141980 Dubna, Russza

Results of the expenments aimed at the study of fission and qua51-ﬁssmn processes in the
reactlons 48Ca+'44 154Sm I“E 2ong 238U 244Pu 248Cm; 58Fe+me 2"“‘Pu, 248Cm and
64N +186w . 242py are presented in the work. The choice of the above-mentloned reactlons was
1nsp1red by recent experiments on the production of the. isotopes 2112, 289114 and 283116 at
Dubna [1,2] using the same reactions. The **Fe and **Ni projectiles were ‘chosen since the
corresponding projectile-target combinations lead to the synthesis of even heavier elements.
‘ The experiments were carried out at the U400 accelerator of the Flerov Laboratory of
Nuciear Reactions (JINR, Russia), the XTU Tandem accelerator of the National Laboratory of
Legnaro (LNL, Italy) and the Accelerator of the Laboratory of Un1vers1ty of Jyvaskyla (JYFL
leand) using the time-of-flight spectrometer of fission fragments CORSET [3] and the neutron
multl-detector DEMON [4,5], . The role of shell effects and the mﬂuence of the entrance channel
on the mechanism of the compound nucleus fusion-fission and the competltlve process of qua51-

fission are discussed.
. REFERENCES

[1] Yu.Ts. Oganessian et al., Eur. Phys. J, A5 (1999) 63.

[2] Yu.Ts. Oganessian et. al., Nature 400 (1999) 242.

[3] N. A. Kondratiev et al., Proceedings of International Conference DANF'98,
(World Scientific, Singapore, 2000) p. 431.
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Investlgatmg the Reglon of Super Heavy Elements

D1eter Ackermann B

Johannes Gutenberg-Universitit Mainz and Gesellschaft fiir Schwerzonenforschung GSI, Planckstr. 1,
D-64846 Darmstadt ,

The search for superheavy elements has ylelded exciting results for both the “cold
‘.fuswn approach with reactions employmg Pb and Bi targets.and the “hot fusion” reactions
with Ca beams on actmlde targets. Nevertheless, maJor questions are still -open. The reaction
mechanism leadlng to the formation and survival of those heavy nuclei at cross sections in the
range. of pbarn is not at all understood. E.g. the empirical trend of exponentlal decrease of the
maximum product1on cross section [l] is not understood in deta11 neither is the dev1at10n
" from this trend in the recent results for the **Ca induced reactions, performed at ‘the FLNR of

~the JINR in Dubna [2,3,4]. For the latter a confirmation of the tentative. Z assignment is still
mlssmg On the other hand interesting mformatmn on the nuclear structure like a poss:ble K-
isomer in #"°Ds [5], the population of states at a spin of up to 22 h in »*No [6), and a variety
of features have been observed. for actinide and trans-actinide isotopes. For a review of the
nuclear structure of heavy actinide and trans-actinide nuclei see ref. [7] Systematic
" investigation:of these two aspects, reaction mechanism and nuclear structure, is essential for
the understanding of the observations made .for the heaviest nuclei and for a successful
progress towards elements with even hlgher Z. The methods employed to study the reaction
- mechanism are fusion/fission' excitation functions and recently also the:compound. nucleus
. partial wave distribution, [8] which will be presented. Apart from-the classical in-beam
" experiments and RDT (reco11 decay taggmg) experiments, radioactive decay studies, 1i.e.
- evaporation residue(ER)-o(-c) and ER-0-y(-y) coincidences of ER implanted into a solid state
detector after a separator, are a powerful tool to investigate the structure of heavy nuclei. Our
results obtained at the velocity filter SHIP at GSI for nuclei with an atomic charge ofupto Z
= 105 will be presented.

[1] S. Hofmann and G. Miinzenberg, Rev. Mod. Phys. 72 (2000) 733

[2] Yu.Ts Oganessian et al., Phys. Rev. C62 (2000) 041604(R)

[31 Yu.Ts Oganessian et al., Phys. Rev. C63 (2001) 011301(R)

[4] Yu.Ts Oganessian et al., Phys. Rev. C69 (2004) 021601(R)

[5] S.Hofmann etal., Eur. Phys. J. A10 (2001) 5 . o

[6] P.Reiteretal. Phys Rev. C82(1999) 509, M. Leino et al. , Eur. Phys. J. A6 (1999) 63,
P. Reiter et al., Phys. Rev. Lett . 84 (2000) 3542 '

[77 M. Leino and F.P. Hef3berger, submitted to Ann. Rev. Nuc. Part. Sci.
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Random Probability Analysis of Recent 48Ca Experiments -

. B. Patin, M. A. Stoyer, J. M. Kenneally, K. J. Moody, D. A. Shaughnessy,
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Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research -~
_ RU-141980 Dubna, Moscow Region o
Russia ‘
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FUSION, FISSION and QUASI-FISSION: UNIFIED CONSIDERATION

V.L ’_Zagre_baev‘l_ and W. Greiner”

DElerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia
I nstitut fiir Theoretische Physik, J. W. Goethe-Universitdt, Frankfurt am Main, Germany

The talk will focus on reaction dynamics of heavy ion collisions at low energies. The aim !
will be to review the things we have learned from recent experiments [1, 2] on fusion-fission
reactions leading to the formatlon of super-heavy compound nuclei with Z2102. From extensive
theoretical analysis of these data - 1t became. espemally clear that in the case of interaction of very
heavy nuclei all the reaction channels (deep inelastic scattering, quasi-fission, fusion and fission)
are strongly coupled and cannot be analyzed separately (independently) bearing in mind different :
time scale of these processes. The choice of a common set of collective degrees of freedom playrng
a principal role, the determination of the correspondlng multi-dimensional driving potentlal and the
derivation of the dynamic equatlons of motion regulatlng the whole evolution of the system in all
the reactlon channels are the main problems here. : !

* The distance between the nuclear centers (or elongation of the system after overlapping of
the nuclear surfaces), dynamic deformations, orientations of the deformed nuclei and mass .
rearrangement (mass asymmetry) are the most principal and- strongly coupled degrees of freedom .
which can be used both for the entrance and for all the exit channels. On the basis of the two-center |
shell model idea we derived a common adiabatic driving potential in the entire configuration space
which can be used for simultaneous description of the whole evolution process starting from the
approaching of two heavy nuclei and ending in a compound nucleus configuration of the system
and/or in deep inelastic and fission channels (normal and fast) with formation of ﬁssron fragments
This potential includes all the shell effects, it has appropriate asymptotlc behavior (experlmental
masses of separated nuclei), right values of the fusion barriers in the entrance channel, and:
reasonable (macro-microscopic) values of the fission barrier. Special attention was paid to the |
transport equation for the mass rearrangement. It is well known that evolution of the other degrees
of freedom can be described quite adequately by coupled Schrédinger or Langevin equations.
However these equations are not suitable for description of the mass transfer. This discrete variable |
is described better by the master equation, which, in its turn, is not suitable for continuous variables. :
We succeeded in reduction of the master equation for the mass asymmetry to the corresponding '
Langevin type equation (valid also for separated nuclei) strongly coupled with equations for other .
degrees of freedom. Post and pre-scission nucleon evaporation was added to the obtained set of
coupled equations which can be‘used now for simultaneous description of deep inelastic scattering, |
quasi-fission, and fusion-fission processes including rather accurate calculation of a probability for
formation of super-heavy nuclei.

Results of our first calculations demonstrating good agreement with experimental data (see
the figures) as well as the basic physical quantities such as nuclear viscosity and nucleon transfer
rate will be discussed in the talk along with a time-scale analysis of the studied processes.

88 Kr + 186y 85Kr + 166 Er 300f *8Ca+248Cm, Ecn=210 Mev
Ecm = 464 MeV

experiment [3]

500

%‘ 400 %‘ 250t
= =
o 300 200
w w
X =
200 150f
1 1 1t L 1 1 ) 1 1 1 1 1 | t L 1 1
20 40 60 80 50 100 150 200 50 100 150 200 250
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{17 Yu.Ts. Oganessian et al., Phys. Rev. C 62, 041604(R) (2000), C 63, 01 1301(R) (2001), C 69, 021601 (2004).
[2] M.G. Itkis et al., in Fusion Dynamics at the Extremes, WS, Singapore, 2001, p.93. f
[3] A. Gobbi et al,, Int. School of Phys. “Enrico Fermi”, Varenna, 1979, North-Holl., 1981, p.1 TN
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Gamma spectroscopy of transfermlum elements at the VASSILISSA set up:

A V. Yeremm AV Belozerov Ch Bnancon ML Chelnokov VI Chepigin', O. Dorvaux3,
. . VA Gorshkov K. Hauschlld2 A.P. Kabachenko A Korichi’, A. Lopez—Martens
O N. Malyshev Yu Ts Oganessran AG. Popeko RN Sagardak1 A.V. Shutov',
" A.L Svirikhin!,

o -FLNR JINR, 141980 Dubna, Russia. '
£ 2. CSNSM, IN2P3-CNRS, F-91405 Orsay Campus France.
3 -IReS IN2P3 -CNRS, F-67037 Strasbourg France. .

i In the recent years gamma spectroscopy of heavy nuclei have been very intensively
developed in two directions. The first was the development of very efficient 4 Ge arrays which has
allowed the properties of excited nuclear states to be determined via prompt y-ray spectroscopy
around the target This type of. expenment allows one to gain access to such important quantrtres as
IEX, J*, transition rates, deformations, and moments of inertia ‘which can be compared with
‘theoretrcal predrctrons The Recoil Decay Tagglng (RDT) method has made it possible to perform
fm-beam y-ray and electron -spectroscopy in nuclei which have production cross sections at the
o order of 1 ub, or even less. The pioneering m-beam y-ray spectroscopic studies in the transfermium
-~ nucleus 2 S‘tl\lo were performed at the ANL, Argonne USA, [1] and the Umversrty of Jyviskyld,
. “"leand [2]. The ground state ‘rotational band was observed up to a spin of 20 hbar. Recent
: experlments performed at Jyvaskyla have probed nuclel in the Fm — Lr region havmg formation
e cross sectrons down to the 200 nb.
: ‘The second direction is the decay and/or isomeric y and/or electron spectroscopy of
.daughter products of the evaporation residues implanted into the focal plane detectors of recoil -
separators. Such’ experiments were performed at the GSI, Germany with the use of the recoil
separator SHIP and a lar%e size Ge detector placed close to the focal plane Si detector array. The
~rdecay . properties of the 6257Db and 2Rf evaporation residues: were studied and results were
_ obtained for the first excited states in the *2?’Lr and 2*'No daughter isotopes via y-ray
~ spectroscopy [3].
A JINR — IN2P3 collaboration project “Nuclear structure and reaction mechanism
studies towards Super Heavy Elements: 'y-electron Spectroscopy in very heavy nuclei at Z ~
- 104” was launched last year in Dubna. It is aimed at the study of nuclear spectroscopy of the
- transfermium elements using high intensity heavy ion beams of the U400 cyclotron, exotic targets
*~ and recoil separator VASSILISSA (FLNR JINR).
The first phase of our project will be devoted to the focal plane spectroscopy. The FLNR
- cyclotrons are capable of producing very intense beams, they can be used on unique radioactive
_ rotating targets which allows one to reach very heavy (neutron rich) nuclei having formation cross
. sections of higher than 1 nb with appropriate statistics. In our set-up, the recoiling products will be
selected by the recoil separator VASSILISSA. They will be then implanted into a position sensitive
detector for the 1dent1ﬁcatlon of their a-decay. In the backward d1rect10n from .the focal plane
detector : electron detectors will be placed, it will allow covering 30 % of the hemlsphere In
addition, . the focal plane detector will be surrounded by 7 Ge detectors. The first full-scale
'eXpenment to be carried out dunng a month is planned for September, 2004, Preliminary it is
planned to investigate the reactions leading to the isotopes of Nobelium and Dubnium and therr
~ daughter products. At present test experiments using two Ge detectors are underway.

_ References:

~ [1] R.-D. Herzberg et. al., Phys. Rev. C, vol. 65, 014303
 [2]1 M. Leino et. al., Eur. Phys. J. A6, 63 =69 (1999)
- [3]F.-P. Heberger et. al., Eur. Phys. J. A 12,57 - 67 (2001) -
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EVALUATION OF CHARGE DISTRIBUTIONS OF 2'"Th AND ***No IONS
SEPARATED BY VASSILISSA

A. G Popeko AV Belozerov, V.1 Chengm, A.P. Kabachenko, O.N. Malyshev
" R.N. Sagaidak, A.V. Shutov, Al Svirikhin, A.V. Yeremin

Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna Russra

The electrostatic separator VASSILISSA is used since 1987 for the explormg of
fusion reactions [1]. In order to 1mprove the mass resolution, VASSILISSA was
upgraded a mass analyzer, based on a 37° dipole ‘magnet and a time- of-fllght measurmg
system was installed behind the separator 2]. y

Ions leaving the target decay by converted transitions and may have a very broad
charge distribution with unknown parameters. A thin (20 -30 p.g/cm ) carbon foil placed
downstream the target corrects this distribution and makes it predictable. For ER's
mean charge <q> calculations semi- emplrlcal formulae by Nikolaev [3] or Shima [4]
are usually used. Experlmental data on <q> for ions heav1er than Pb are very scarce
and experimental check of the predlctlons becomes important.

In our experiments we studied ionic charge distributions of 217Th produced in the
174Yb(‘”‘Ca 5n) reaction and those of *’*No produced in the 2°®Pb(*8Ca,2n) reaction.

Due to limited angular, energy and charge acceptances of the separator the
primary charge :distributions of ions passing it- will be significantly distorted. To
restore the charge distribution to an equilibrium one we placed the second recharging
carbon foil immediately upstream the 37° dipole magnet.-Ions separated according to
their magnetic rigidities (charges) were detected by ‘the position ‘sensitive focal plane
detector. Decay rates at different dipole ‘settings were used for the -evaluation of the
corresponding charge distributions. The results are summarized in the Table. - :

Table. Charge d1str1but10n parameters of 217Th and 254No ions measured at VASSILISSA

Shima {4]| Nikolaev [3] "|~  This work -
- | Nucleus E(MeV) <> > | o | <o o 1
“UTh 386 |- 202 | 185 | 2.3. [204+0.2] 1.7+0.2 |
>No 36.6 200 | 18.0 | 2.3 [17.6£0.3] 1.9+0.3

The obtained-data support an earlier observation that for relatively "light" (Po — Th) "fast"
ions the experimental <g> values are more close to Shima’s [4] predictions. For heavier "slow"
ions (Cf — No) the evaluated data are better descrlbed by Nikolaev’s formula [3]. 'We believe that
many additional measurements are needed before an adequate sem1-emp1r1cal formula can be
derived. In the meantime, we note that the currently used charge state prediction formulae
should be used with caution. -

REFERENCES

1) A.V. Yeremin et al., Nucl. Instr. & Meth., A440 (2000) 86.
2) A.G. Popeko et al., Nucl Instr. & Meth., A510 (2003) 371.
3) V.S.Nikolaev, I.S. Dmitriev, Phys. Lett., A28 (1968) 277.

4) K. Shima et al., Nucl. Instr. & Meth, 200 (1982) 605.
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_Fusion-fission dynamics for synthesis of superheavy elements
Y. Ari’comol M. Oht‘a2 T. i‘Ma‘ternzi3 JL. Stu'ttg"4 and F. Hanappe®

!Flerov Laboratory of Nuclear Reactzons, JINR Dubna Russxa
Departmem‘ of Physzcs Konan University, 8-9-1 Okamoto, Kobe Japan
SUniversite Libre deBruxeélless; Belgiue ,
4Instttut de Recherches Subatomzques Stasbourg, France

Recently the production of new superheavy elements are reported at Dubna by hot fusion
reaction [1] and GSI by cold fusion reaction [2]: Using the facility in Riken, the nucleus (Z=110 and
111) are produced also in cpld fusion reaction and measured the exc1tat1on functlon of evaporation
residue cross section precisely [3]. :

In the theoretical calculation, the evaporation residue cross section is obtained as a product of the
fusion probability forming a compound nucleus and its survival probability in the competition with
fission process. In superheavy mass region, an substantial uncertainly becomes to be involved, i.c.,
the uncertainly of the potential landscape near contact configuration of colliding nuclei affects the
estimation: of fusion -probability, and the uncertainly of the fission barrier height: of compound
nucleus and the level density parameter. used in the statistical calculation affects the estimation of
the survival probablhty In this sense, the theoretical framework to estimate the evaporation residue
cross section is not confirmed now. Here, first we would like to discuss on the fusron process and
investigate more accurate estimation of the fusion probablhty . .
Though the reaction mechanism is not well understood, a lot of experimental data were become
available. For example the mass and total Kinetic energy distributions of fission fragments were
extensively measured at Dubna [4]. The emission of neutrons 1n comcldence wrth ﬁssmn fragments
has been studied by DeMon group [5]. 8

" Using the fluctuation-dissipation' model, we try to investigate the fusmn fission process. In
this work, we employ the Langevin equation throughout the fusion-fission process taking into
account the neutron emission during the process. We adopt a three-dimensional nuclear
deformation space with the two-center parametrization. The three collective parameters are treated
as follows: z, (distance between two potential centers), & (deformatlon of fragments) and  (mass
asymmetry of the colliding partner).

By analyzing the mass distribution, we can distinguish between the fusion-fission process

(FF) and quasi-fission process (QF). The mechanism of FF and QF are clarified by their trajectory
on the 3-dim potential energy surface.

We estimate the neutron multiplicity during the fusion-fission process. The neutron
multiplicity directly depends on the time scale of trajectory, so we can investigate the different class
of the dynamical process more precisely. We can directly compare the theoretical results with the
experimental data. In the reaction **Ni+***Pb which was measured by DeMon group (2], the neutron
multiplicity has two peaks, near 4 and 8 neutron emission. We can see clearly that the first peak is
connected with the trajectory of quasi-fission process and second one with fusion-fission process.
The multiplicity depends on the traveling time of trajectories from the contact point to the scission
point.

Such trajectory calculation in the deformation space is strongly influenced by the potential
energy surface. Here we employ the two-center shell model to calculate the potential energy surface.
However, in large mass asymmetry region, it seems that the two-center shell model dose not work
well near the contact point. So we should investigate precisely the potential energy surface near the
contact point and refine it using grand state mass near contact point. We would like to discuss on
the point and how to change the trajectory on the refined potential energy surface.

[1] Yu. Ts. Oganessian et al., Nature 400 (1999) 242; Yu. Ts. Oganessian et al,, Phys. Rev. Lett 83
(1999) 3154; Yu. Ts. Oganessian et. al., Phys. Rev. C 69 (2004) 021601.

[2] S. Hofmann and G. Munzenberg, Rev.. Mod. Phys. 72 (2000) 733; S. Hofmann et al., Eur. Phys.
J. Al14 (2002) 147,

[3] K. Morita, Proceedings of the VIII International Conference on Nucleus-Nucleus collisions,
Moscow, Russia, to be pabulished ‘ )
[4] M.G. Itkis et al., Proceeding of Fusion Dynamics at the Extremes, Dubna, May 25-27, 2000
(World Scientific, Singapore, 2001) p93

[5] L. Donadiile et al, Nucl Phys, A656, 259 (1999)

.83



A Microscopic Description of the a-Decay Chains
- of Z =115 and 118

M. Guptal?, A. Bhagwat?, and Y. K. Gambhir?.
1 Manipal Academy of Hzgher Educatzon Mampal-576119 India.

2 Department of Physics, IIT-Powaz, Mumbai-400076, India.

Abstract

‘Microscopic calculations for nucle1 in the o-decay chains of Z—115 and 118 are carried
out.- The ground state properties are obtained using the self—cons1stent Relativistic Mean
Field (RMF) theory with the NL3 Lagrangian parameter set. The pairing correlations are
incorporated in the 51mple BCS procedure and also through the self-consistent Relativistic .
Hartree Bogliubov (RHB) prescription employing the finite range Gogny-D1S interaction.

- The RMF ‘densities are then used to obtain the a-daughter interaction energy in the -
‘Double Folding model with the density dependent M3Y (DDM3Y) effective nucleon-
nucleon interaction. Finally, the a-decay half-lives (T} /2) of the parent nuclei are cal-
culated in the WKB approxlmatlon using the Super-Asymmetric Fission Model.

The ground state propertles including the a-decay Q-values (Q,) agree well w1th the
corresponding experimental data as recently reported by the Dubna Group.

It is seen that 17, is extremely sensitive to small variations in Q.. If experimental
Q-values are used, a-decay half-lives are well reproduced indicating that the interaction

- potential is reliable. ' . ‘

Similar calculations as those done for the two known Z=115 chalns are carried out
for an a-decay chain of the currently unknown Element 118 for p0551b1e experlmental
verification in the future.



Systematics of Superheavy Nuclei: Microscopic Description
Y. K. Gambhir!,”A. Bhagwat' and M. Guptal:?
Y Department of Physzcs, IIT-Powai, Mumbai-400076.
2 Manipal Academy of Higher Education, Manipal-576119.

Abstract

Extensive microscopic calculations for the description of the nuclei appearing in & -
decay chains of the super-transactinides (108 < Z < 118) have been carried out. The nu-
merical calculations proceed in two steps. First, the ground state properties like binding
energies radii, densities, are obfained in the framework of the self-consistent Relativis-
tic Mean Field (RMF). The most successful Lagrangian parameter set NL3 is used and
the pairing correlations are incorporated in the simple constant gap approximation (BCS
- type) and also self-consistently through the Bogoliubov transformation (Relativistic
Hartree Bogliubov (RHB) prescription). The finite range Gogny-D18S interaction for pair-
ing is used while solving the RHB equations. The results, including the a - decay Q -
* values, agree well with the corresponding experlmental data (where available).

Next, the calculated RMF densities are used to derive the prolectlle-daughter inter-
action energy using the Double Folding (DF) model with the density dependent M3Y
(DDM3Y) effective nucleon-nucleon interaction. This in turn is used together with theo-
retical Q-values to calculate the o - decay half lives of the pa.rents in the Super - Asym—
‘metric Fission Model (SAFM) in the WKB approximation.

_ The resulting half lives do agree qualitatively with the experiment. However, the half
lives are very sensitive to the explicit Q - values: small variations in Q-values (to within a
couple of hundred keV) are seen to dramatically affect the half-lives, sometimes even up
to an order of magnitude. It is observed that if experimental Q-values are used, the a -
decay half-lives are well reproduced indicating that the interaction potential is accurate
and may be employed with confidence in other reaction studies. -

To further assess the accuracy of the ground state properties, the RMF densities are
used to calculate the charge changing cross sections recently measured with radio-active
ion beams. The calculations reproduce the experiment well.
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;.Delayed fission of heavynuclef. . .
o NK. Skobelev : K

Joint Institute for Nuclear Research,. -
Flerov Laboratory of Nuclear Reactions,
141980,-Dubna, Russia

Delayed fission is ‘one of the fission modes of low-lymg exc1ted states’ of nuclei along
W1th spontaneous ﬁss1on and spontaneous fission of shape isomers. The first observatlon of
this phenomena was made in 1966 at JINR in  experiments devoted to the synthesis of
neutron-deficient heavy nucle1 to look for spontaneously ﬁsswnlng shape'i isomers.

o Flssmn products with half- hfe ‘of thé order of minutes were observed. The nuclei
responsible for fission products were 1dent1ﬁed and it was concludéd that they are the
precursors. of ﬁssxomng nuclides: thelr daughter niclei are likely to undergo fission from an
excited state after electron ca pture of the parent nucleus Detailed interpretation of the decay
of the nuclear predecessors Np, 2*2Am and **Am’ entenng into the delayed ﬁss1on process
was_done also In. addmon, other neutron~deﬁc1ent nuclei in’the region from neptumum to
mendelevmm as emitters of delayed ﬁss1on were synthesrzed in reactlons thh heavy ion
beams at FLNR. k

o Also B- delayed ﬁssmn of neutron-nch nuclel, obtamed in nuclear reactlons at
accelerators, was studled The full set of expenments showed that delayed ﬁsslon is a
common decay channel of heavy nuclei with sufﬁcrently large Q.

Now we have possibilities to make a few new delayed ﬁssmnmg 1sotopes of
neptunium, berkelium and einsteinium daughter products wh1ch can undergo fission from
excited states.
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" Structure and decay of heavy and superheavy nuclei”
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Abstract
The structure and a-decay of heavy and superheavy nuclei are systematlcally studled Thls'
includes- the rare decay from the naturally occurring nuclide 2%9Bi [ Marcxllac et al., Nature
v (London) 422, 876 (2003)] and the decays of superheavy elements with Z=106-118. Marcillac
et al. has measured that ?09Bi has an a-decay energy Qo = 3.137 ':I: 0.002 MeV and 5 half-life '
Ty = (1.9 £ 0.2) x 10 years. This half-life is the longest in all known a-decays The model of
a-decay can reproduce this exceptlonally long lifetime.

For superheavy elements with Z=110-118 the theoretical half-lives also agree reasonably with

_the experimental values. ThlS suggests the present experlmental data of half- hves are consistent

v ‘w1th the experlmental data of decay energies. It mdlcates that the clalms of the synthe31s of new

elements with Z=110—118 at GSI and at Dubna are reliable. The shell effect of superheavy nuclei

is also discussed.

[1] S. Hofmann and G. Miinzenberg, Rev. Mod. Phys. 72, 733 (2000).
[2] Yu. Ts. Oganessian et al., Phys. Rev. C 63, 011301(R) (2001).

' [3) Zhongzhou Ren, Phys. Rev. C 65, 051304(R) (2002).
[4] Zhongzhou Ren et al., Phys. Rev. C 66, 064306 (2002).
[5] Zhongzhou Ren et al., Phys. Rev. C 67, 064302 (2003).
[6] Chang Xu and Zhongzhou Ren, Phys. Rev. ke 68, 034319 (2003).
[7] Chang Xu and Zhongzhou Ren, Phys. Rev. C 69, 024614 (2004).
[8] Marcillac et al., Nature (London) 422, 876 (2003)
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Neutron detector at the focal plane of the set up-VASSILISSA

AL Svirikhin, A.V. Belozeroy, M.L. Chelnokoy, V.I. Chepigin, V.A. Gorshkov,
A.P. Kabachenko, O.N. Malyshev AG. Popeko, R.N. Sagaidak,
~ A.V.Shutov, E:N:'Sokol, A.V. Yeremin.

FLNR JINR, 141980 Dubna, Russia.

Spontaneous fission is one of important modes of radioactive decay of nuclei with atomic
number Z > 100. A big number of even — even isotopes of transfermium elements decay solely by
spontaneous fission. Even in the case of some odd — mass heavy nuclei such as, for example,
2292811 1 and %1253Dp the spontaneous fission probabilityis comparable with the probability of a -
decay. Presently available experimental information on spontaneous fission of transfermium -
elements mainly concerns partial half — lives. In addition, for Fm and No isotopes and for a few
Md, Lr and Rf 1sotopes the total kinetic energy (TKE) and mass dlstrrbutrons of frssron fragments
from‘spontaneous fission were also accurately measured [1].~ - " -

-Recoil:in —~ flight separator VASSILISSA [2] is w1de1y used for the synthesis. and study of
decay propertres of heavy and superheavy nuclei. A high level of suppressron of beam particles and
unwanted reaction ‘products, having high -production rates in the region of charge and mass of
target nuclei, has been achieved. Slow.heavy evaporation residues (ER's) which are studied in
complete fusion reactions with heavy ions after passing through such experimental set — up and
time — of — flight detectors are implanted in the focal plane semiconductor detectors. It makes
possible to measure half =lives of the investigated nuclei together with energies of a — decay and
total kinetic energy release of fission fragments from spontaneous fission of transfermium nuclei.
In addrtron extremely low background conditions at the focal plane of the separator, placed behind
a 2-m concrete ‘wall, allow one to build sophisticated detector systems- around the focal plane
implantation detector. :

A neutron detector consrstmg of 72 3He filled counters was mounted around the focal plane
detector chamber which 1s a cylinder 210 mm in diameter. The efficiency of detection of one
neutron measured using a 2**Cm source was 25 %. A multiplicity distribution of prompt neutrons
emitted in spontaneous fission of 52No, formed in the reaction “*Ca(***Pb,2n), was measured in
test experiments and equaled to 4.43" + 0.45. ThlS valué is in good agreement with' that from
literature (4.15 = 0.3) [3]. :

It is planned in the future to measure the TKE and multrphcrty drstrrbutron of prompt
neutrons in spontaneous fission of other No 1sotopes and 1sotopes of heavrer elements. ’

References:
[1] E.K. Hulet, Sov. Journ. of Nucl. Phys., 57 (1994) p.-1165 = 1173.

[2] O.N. Malyshev et. al., Nucl. Instr. Meth. A, 516 (2004) p. 529 — 538.
[3] Yu. A. Lazarev et. al., Phys. Lett. B, 52, (1974) p._32/1 —-324.
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METHODS OF IDENTIFICATION OF SUPRHEAVY ELEMENTS BASED ON
THE ALPHA DECAY DATA

" Badaev O.P. L Kurgalm $.D.2 , Scheld W.3, Tchuvil ’sky Yu;M L

! Moscow State University, Russia; 2 Voronezh State University, Russia; 3 Justus-
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Two new approaches are introduced 1nto the analysis of the characteristics of
: superheavy nuclei. . ,

-First one is the method of 1nter- and extrapolation of nuclear masses and as a
consequence the energy yields of alpha-decay (. Interpolational procedure is based
‘on the representation of the binding energy surface E(Z,N) inside the certain
‘rectangle region Z; | SZ<Z; Ny_j <N <Ny as a second order polinomial of Z
‘and N (continuity of the surface on the boundaries is required). The quahty of the
“interpolation can be demonstrated for the known nuclear masses in the .area
"82<Z'<104 as an example. Indeed, the values of deviation of the interpolated
‘masses form the experimental ones for 92 per cent cases are less than 100 KeV and in
the sole case (among more than 200) this value turns out to be grater than 200 KeV.
~Stability of some differential characteristics of the surface £(Z,N) in rather wide

areas is used for the extrapolation. ~
The essence of the second approach is as follows. The analy51s of the values of the
“experimental” spectroscopic factors W, , extracted from the practically full data

concerning alpha-decay. of even-even nuclei are concentrated in a very narrow
" interval if one uses a physically justified potential. In the present work well known
‘MacFadden-Satchler potential is used. Root mean square deviation of the values
" IgW, is about 0.36 for these data. If one limit himself by the nuclei heavier than

| ‘;'208Pb than this deviation turns out to be about 0.26. Therefore the averaged value
‘W, (together with the value of penetrability of the barrier created by the discussed
1potent1al) can be successfully used for the calculation of alpha-decay width of any
even-even nucleus including superheavy one. It should be noted that r.m.s. deviation
of the proposed method is smaller than that of the various versions of Geiger-Nuttall
approach. Moreover the discussed approach seems to be workable with certain
reliability in odd and odd-odd nuclei areas. Naturally in these cases the first step of
the analysis is to place investigated alpha-transfer into a certain category of decay -
-(favored, semihindered, etc.). :

Known chains of alpha-decay of superheavy elements are studied in the
framework of the methods developed. The results do not come into conflict with
the conclusions concerning of Z and N values of superheavy 1sot0pes obtamed
by use of the other procedures
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ON ANALYSIS OF DATA OF RADIOACTIVE DECAYS UNDER
~ CONDITIONS OF
POOR STATISTICS AND SMALL OBSERVATION TIME.
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Let a set of radioactive atoms be given, which is equal to IV at a time ¢ = 0. Events -

“decays of these atoms - are described by a random quantity £, subject to the distribution

function

T and N. . ,

One can show that under the least favorable conditions of the experiment (poor statistics"

Pe<t=1- ‘555?(?t/T), t€[0,00), (1)

The main problem of the analysis of samples of such events is the evaluation of parameters

and/or small observation interval [0, B], B << T the chances of a successful solution of

this problem are very small.

In particular, the equation of the maximum likelihood estimator for T is practically un- :

solvable in'this case. :

“Let us introduce two random quantities: n; and n, - sums of registered decays in intervals

[0, B] and [B, 2B], respectively. It is obvious that

By = N/(1 - exp(~B/T)), Bny = N/(exp(~B/T) — exp(~2B/T))

Here E is the operator of expectation. We can build the following estimator of T
T = —B/in(2L). 2)
na

Obviously, for the analysis only exponential-like curves are suitable. For instance, use
can be made of the following criterion for testing the inequality ne < ny for statistical .

significance:

n >ng+3- o(ng). 3)

From (3) we can obtain Testrictions on
e statistics‘level N at B/T given
e or the length of the observation interval B at statistics IV given,

which provide for a successful analysis of such data.

The restrictions are very hard and often non-realistic. Here an idea of an estimate of a
lower parameter bound instead of parameter itself is very fruitful. The lower parameter
bound is a quantity, which with a certain (calculable) probability is less than T, but
greater than the length of the observation interval B.

In our case such an estimator can be obtained, e.g., from such a relation

n, — ng < ka(ny + ny), on condition that n; > n,. 4)

where k is any number, and o - deviation function.
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*'Chemistry of SHE: What Allows us to Judge the Bulk Properties of
Compounds from the Behavior of Single Molecules?
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In studies of chemistry of elements 104 to 107, the only bulk property of compounds
derived from one-atom-at-a-time experiments has been the volatility of some halides or
‘oxohalides. The appropriate characteristic quantities are the energies (enthalpies) of sublimation or
“vaporization, the latter being essentially proportional to the boiling point of liquid. The mere base
for evaluation of the required values has been the empirical correlation between the adsorption
_enthalpies on quartz (measured in gas chromatography experiments) ~ and vaporization
j(sublimation) energies of the compounds concemed. The correlation holds for a number of
-.compounds of common elements. Moreover, the values of adsorption and vapor1zat10n energies
prove to be quite similar.

' Obviously, in-depth understandmg of the origin of the correlation is very desirable, notably
‘because certain difference in volatility of the compound of a very heavy new element and its
closest lighter congener might indicate manifestation of relativistic effects in chemical properties.
Meanwhile, explanation of the above facts is by no means trivial or evident. On the one hand, we
believe to deal with, say, a molecule TaCls on the surface of SiO;, on the other hand — the same
‘molecule in liquid tightly surrounded with 12 its replicas in the first solvation layer. For what
reasons might be the energies necessary to make the molecule free in the two cases equal‘?

, We believe that the clue is in the real structure of the column surface which is far from
‘being just alternate sequence of Si and O atoms. Actually, the or1g1na1 surface of "fresh" silica
~.includes up to. 5 OH groups attached to Si atoms per 100 A’ The carrier gas in the
' ‘.chromatographlc experiments contains halogenatlon agents (SOCl,, HCI, BB, etc.) to produce
~ the required compounds of radioelements. The hydroxyls are quite reactive and the agents further
‘modify the surface to make it to some degree covered by the attached halogen atoms and
fragments of the agent molecules. So, the nature of adsorption forces becomes closer to the forces
“in pure liquid. And finally, the actual surface of the tubular columns is rough, even down to the
_‘atomic scale. Hence, the modified surfaces may contain traps in which the adsorbed molecule is
" almost surrounded by the halogens and fragments mentioned above — almost like the situation in
liquid. It means that we can expect. the column surface to be heterogeneous. in adsorptlon
~ properties, with the adsorption energies within some limits, the higher being around the
vaporization energy. Whatever is the spectrum of the adsorption energies, due to the exponential
~dependence of retention time in column on E/RT, an experiment will yield the effective
‘adsorption energy value approaching the maximum energy in the spectrum. ' :
' Thus, the outlined picture of adsorption explains the origin of the correlation of interest.
“The author will also present more quantitative discussion based on his recent new formula for
_calculation of the boiling points / vaporization energies.
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Future experiments on the chemical propertres of superheavy elements
Y Andreas T urler | ; |

Institut fiir Radiochemie, Technische Universitit Miinchen, D-85748 Garching

The knowledge and understanding of the chemistry of the superheavy elements, especially of the
_early transactinides Rf, Db, and Sg and their compounds, both experimentally and theoretically, is

nowadays quite extensive as documented by a first textbook entitled "The Chemistry of Superheavy

Elements" edited by M. Schidel {1]. While rapid chemical separations in aqueous solution were
~ (and are) the method of choice for detailed investigations of Rf and Db, the development of gas-
phase chemical separation methods have allowed first chemical studies of increasingly heavier
transactinide elements.

The s?ectacular results obtained at Flerov Laboratory in Dubna using *Ca ion beams and targets of
28y, 24224py 25 Am, 252%8Cm and 2*°Cf to synthesize isotopes of elements 112, 114, 115 and, 116
[2] give chemists the perspective to experimentally investigate the chemistry of even the heaviest -
known elements. Especially since some of the nuclides and their decay products attributed to
‘elements Rf Db, Sg, Bh, Hs, Ds, 111, 112 113, and 114 seem to have half-lives of the order of
seconds to even hours ‘

In the last couple years chemists have made a ‘quantum leap and are now working with nuclides “'
~ that can be produced with picobarn (10 cm?) cross sections only, as demonstrated by the ﬁrst
chem1ca1 1nvest1gat1ons ‘of bohrium and hassmm [3.4].

This spectacular progress however is limited to a few selected cases which chemically are

extremely favorable. One such case is also element 112 in its elemental state. First experiments -

made in Dubna [5,6] and recently at GSI [7] seem to indicate a quite’ spectacular difference in
chemical behavior between element 112 and its lighter homolog Hg in the elemental ‘state.
Compared to chemical investigations of the early transactinide elements Rf through Hs, where
always the highest possible oxidation state was investigated, now with elements 112 through 118,
which are expected to be moderately to highly volatile in the elemental state, the influence of
relativistic effects of the valence electrons should become noticeable in direct experimental
investigations. These relativistic effects might be responsible for some quite dramatic differences in
.chemical behavior as this seems to be the case in the adsorption propertres of element 112 compared
to its lighter homologue Hg.

(11 M. Schidel (Ed.): "The Chemistry of Superheavy Elements", Kluver Academic Publishers,
Dordretht, (2003).

[2] Yu.Ts. Oganessian, contrlbutlon to the second international conference on the chemistry and
physics of transactinide elements (TAN’03), Napa, Cahfom1a USA, Nov. 16-20 (2003) [3IR.
Eichler et al., Nature 407, 63 (2000).

f4] CheE. Dullmann et al., Nature 418, 859 (2002).

[5] A.B. Yakushev et al., Radiochim. Acta 89, 743 (2001).

[6] A.B. Yakushev et al., Radiochim. Acta 91, 433 (2003).

[7]1 S.Sovema et al., contribution to the second international conference on the chemistry and
physics of transactinide elements (TAN"03), Napa, California, USA, Nov. 16-20 (2003).
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i App'roachingexperiments with element 114. -
First results of test experiments

A.B. Yakushev w. Bruchle E. Jager2 E Schimpf’, M.Schidel’, A. Tiirler', B. Wlerczmskz

! Institut fiir Radiochemie TUM, Miinchen, Germany
2 Gesel}schaft ﬁi_r Schwerionenforschung mbH, Darmstadt, Germany

From its ground state electronic structure, E114 belongs to group 14 of the Periodic Table. Its
nearest homologue is Pb. Classical extrapolations predict 114 to behave as a metal with enhanced
volatility compared to Pb. Relativistic quantum chemistry predicts stabilized spherical s and p1, and

' destabilize p3,- and d- orbitals. Consequently, the chemical behavior of 112 and 114 may approach
the one of noble gases in Volatlllty and chemical inertness[1]. The. first experiments with 112
1nd1cated qualitatively that 112 is chemically more inert than Hg[2]. However, for a first survey
experiment on the chemistry of element 114, one needs to separate element 114 based on both
predlctlons - classical extrapolations and relativistic calculations. Therefore we are developing for
the first experiment a combination of two processes: 1) synthesis and rapid chemical separation of
114 by adsorption on a noble metal surface, and 2) desorption, gas transportatlon and detection of
112 as a daughter nuclide after alpha-decay of element 114. This separates the volatile metals Pb, Bi
and Po, as well as the noble gas Rn and allows a unique identification of 114 and 112.

The envisioned approach can be realized
with- two alternating steps using two
~columns one for adsorption and one for

T R .desorptlon (see Flgure) In a first step,
Hg Rn reaction products. are transported by He or
k Ar gas from a recoil chamber to a column

<m=>

kept at “low” temperature. 114 should
L adsorb on a chemical active surface of the
first column and gaseous Rn passes through
the column with the flowing gas.
| Simultaneously, 112, as the 114 decay
cyopump  Product, will be evaporated from the second
column kept at a high temperature and will
be transported to a detection system by pure He gas flow. After a few seconds valves switch
positions, the high-temperature column is cooled and the low-temperature column is heated fast. In a
" second step, 112 as the decay product of the adsorbed 114 is evaporated from the first column and
adsorptlon of E114 takes place at the second column. This process is continuing as a two-step cycle.
To develop this /approach we are performing test experiments on the gas chromatography of Pb, Hg
and Rn to.choose suitable materials for chemical filters and for the best temperature regime. First
test experiments on gas chromatography. of-Pd and Hg on a surface of noble metals (Au, Pd, Pt)
were done at GSI. The chemical yield of short-lived Pb isotopes from a heated recoil chamber was
optimized, as well as adsorption of Pb in chromatographic column and desorption of Hg from noble
metal surface. The yield of Hg isotopes was detected by alpha decay using 4 pairs PIPS detectors
covered with thin gold layer.

Ar
' Recyclmg

Recycling\ %

[1] P. Schwerdtfeger et al., J. Nucl. Radiochem Sci. 3, 133(2002). .
[2] A.B. Yakushev et al., Radiochim. Acta 91, 433(2003).
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Cross sections measurement in fusion reactions **Ar('*¥Sm, xn)

A. Yakushev ', W. Briichle é, E. Jiger?, A Popeko >, S. Reitmeier !, E. M, Schidel 2,
. Schimpf? R. Sagaidak? A. Shutov® A. Tiirler |, A. Yeremin?

- ! Institut fiir Radiochemie TUM, Miinchen, Germany
% Gesellschaft fiir Schwerionenforschun g mbH, Darmstadt, Germany
* Flerov Laboratory of Nuclear Reactions JINR, Dubna, Russia

On the way to neutron-rich superheavy elements (SHE) very exciting results were -
observed in **Ca induced reactions with heavy actinide targets[1]. These SHE isotopes have
life times several orders of magnitude longer than isotopes produced in “cold fusion”

- reactions. In the future, reactions with neutron-rich radioactive rion—beams may open a
possible path for a further increase of the neutron excess in SHE nuclides. It is of great
interest to pursue the "hot-fusion" path and to investigate the projectile-isospin dependence of
heavy element fusion-evaporation residue cross sections at Coulomb barrier energies.
Presently, limited beam intensities do not allow performing systematic studies directly in the
region of SHE and heavy actinides with picobarn and nanobarn cross sections, respectively.

' * The system ;3Ar on ;Sm is a well studied heavy-ion reaction[2]. We opted for this
projectile-target-Z combination to extend these studies to probe the neutron excess in
radioactive Ar projectiles - up to **Ar — on the evaporation residue cross section at near
barrier energies. While *?Ar and "**Sm have a similar neutron-excess of about. 1.32 the N/Z- -
ratios for the combination **Ar on '*®Sm are 1.00 and 1.39, and for **Ar on *Sm they are -
1.44 and 1.32, respectively. It is noteworthy to mention that for the latter system the neutron -
excess of the projectile exceeds the one of the target. A comparison of results from the
spherical, n-rich nuclei **Ar (off-shell, N/Z=1.44) and **Ca (on-shell, N/Z=1.40) can yield

information on the influence of shell effects. An .
important aspect in the evaluation of the results
IS BRI R will be the comparison with calculated cross

“Ars Sm > m”%f‘ — ‘sections. Based on known experimental data

p such calculations were performed for “>**Ar

/B ] projectiles using a modified HIVAP code[3]. To

10°

-
(=3
~
i

statistics limited the results for the 2n and 5n

o' —rwvar / - begin our experimental program aiming finally
5 : §:;2ﬂ:§:§:// i , ! at using n-rich Ar projectiles we selected the
%10. o gaR ! : sn * 36 Ar(**8Sm; xn) reaction as a first experiment to
2 A/a M span a very large range of target-projectile
?10_, /-\ & / <\h\ combinations. The isotopes 175,130,151 Hg were
8 ' / & o / ' \/ ‘ \/ measured. Cross sections for these isotopes,
© ¢ : ( evaluated from the measured a-spectra, are

/ / / \ 7 :\s compared with cross sections theoretically

100 LN Z - predicted by R. Sagaidak (see Figure). Low

RN

10 / channels. The experimental data are typically
1WA \ [ .
140 150 160 170 180 100 uncertain by a factor of 2.
E,, (MeV)

[1] Yu. Ts. Oganessian et al. Contribution at TAN’03 Conference, November 16-20, 2003,
Napa Valley, USA.

[2] R.G. Stokstadt et al., Z. Phys. A 295 (1980) 269; W. Reisdorf et al., Phys. Rev. Lett 49
(1982); W. Reisdorf et al., Nucl. Phys. A438 (1985) 212.

[3] R. Sagaidak et al. Preprint JINR E7-2003-149, 2003, Dubna, Russia, Phys. Rev. C in print.
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Fission and quasifission processes in the reactions“Ca+2°6Pb and
4Ni+'%W, leading to the formation of compound nucleus 'No

G. Kniajeva', A.Chizhov', M, Ttkis', S. Khlebnikov?, E. quﬂlinl, V. Lyapin’,
V. Rubchenya3 , W. Trzaska’, V. Voskressenski'

! Flerov Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research, Dubna,
Russia , . R

’Khlopin Raduim Institute, St. Petersburg, Russia. 4

3Department of Physics, University of . Jyvaskyla, Finland

In order to better understand the formation of a compact superheavy compound
system, future experiments should clearly. separate the . fusion-fission from the
quasifission component. The competition ‘between compound nucleus - fission and
quasifission is probably determined by the properties of di-nuclear configuration at
contact, where entrance-channel effects are expected to play the major role in the
reaction dynamics. - : T . :

‘Mass, kinetic energy and angular distributions of fragments.were measured in the
decay of 2No compound- nucleus, formed in two different reactions:
4 (a42%Pb_s2No (Z,Z« = 1640) and “Ni+ '*W—"'No (ZpZy = 2072) at the same
excitation energy E =40MeV. The measurements were performed by using the large
acceptance set-up CORSET, consisting of two time-of-flight telescopes detecting the
two correlated fission fragments, placed in the scattering chamber. Four surface-barrier

detectors, installed at the 10° to" the ‘beam line, were used for normalization on

Rutherfqrd cr,oss"sect’ion. ,
Mass-energy distributions for these systems are different. In the ‘case of the

4 Cat+™Pb—>""No reaction ~ (more mass asymmetric entrance: channel) mass
distribution is symmetric with small asymmetric “shoulders™ and fusion-fission is a
dominate - process, while in the case of the Ni+ 'W—>No reactions mass

distribution is asymmetric, quasifission process prevails and its contribution is great
than 70 %. o :
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~ Shell effect manifestation in mass-energy distributions of fission fragments
~of nuclel wrth Z-=102-116

o) VProkhorova A A Bogatchev 0. Dorvaux?, G Grardma F. Hanappe LM Itkls

‘M.G. Itkrs M. Jandel1 J. Kliman', G. N. Kma]eva 'N. A. Kondratiev", E. M. Kozulin,
L. Krupa!, T Materna Yu. Ts. Oganessran LV Pokrovsky N. Rowley Ya. Rusanov
L Stuttge V.M. Voskresensk1 ’

! Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Russia
Insntut de Recherches Subatomiques, F-67037 Strasbourg Cedex, France
Dtpartzmemo di Fisica dell' Universita di Messina 98166 Messina, Italy
“Universite Libre de Bruxelles, 1050 Bruxelles, Belgium
SInstitute of Nuclear Physics of the National Nuclear Center, 480082, Almaty, Kazakhstan

The series of expenments devoted to mvestlﬂgatlon of the grocess of formation and decay of - -
superheavy nuclei in the reaction **Ca+?*’Pb, ZTh, 2*U, “Pu, **Fe+™®Pb,”’Th were
performed at the U400 accelerator of Flerov Laboratory of Nuclear Reactlons (JINR, ‘
Russia). ‘

The experiments were carned out with use double-arm time-of- ﬂrght spectrometer.
CORSET, and the mass-energy distributions of reaction products and fusion-fission and
capture cross-sections were deduced. We study the influence of reaction entrance channel on
the competition between fusion-fission and quasi-fission processes. Strong manifestation of
the shell effects in mass.distributions of quasi-fission products was observed. .

The multimodal fission phenomena were found for superheavy nuclei 256No %645 at low

" excitation energies. Its properties can be explained in the frame of the classical modal

approach, based on the valley structure of the potent1a1 energy surface in the deformation
space of the fissioning nucleus
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- MULTIMODAL FISSION IN HEAVY IONS-INDUCEDTREACTIONS

LV. Pokrovsky , S. Beghlm AA. Bo%ach L. Calabretta L. Corradl GG ‘Chubariar’,
0. Dorvaux®, F Hanappe B. J ‘Hurst’, M. G Ttkis', - J.M. Itkls Al Kehc V KmnardS%j
N.A. Kondratlev EM. Kozulin' , K. Lukashln C. Malohno G. Montagnoh S.L Mulgm,‘?fj
Yu.Ts. Ogane551an E.V. PrOkhOroval, N. Rowley , AYa Rusanov V S Salamatm,ﬂ
F. Scarlassara®, Ch Schmitt’, R.P. Schmitt’, A.M. Stefanini®, L. Stuttge®, S. Szﬂner M. Trotta’,
AM. V1nodkumar ,S.V. Zhdanovz_ : :

1 Flerov Laboratory of Nuclear Reaction, Joint Instttute for Nuclear Research, 141 98(‘2,' Dubﬁa, Russia
2 Institute of Nuclear Physics of the National Nuclear Center of Kazakhstan, 480082, Alma-Ata, Kazakhstan
3 The Cyclotron Institute, Texas A&M University, 77843, College Station, Texas, USA

4 Instutut de Recherches Subatomzques, IN2P3-CNRS/Universite Louis Pasteur, BP28, F-67037, Strasbourg,
France : S ;

5 Umverszte Lzbre de Bruxelles B] 050, Bruxelles Belgmm ‘

6 Laboratori Nazzonale di Legnaro Istituto Nazzonale di F zszka Nucleare 35 020, Legnaro(Padova) Italy

7 Laboratorio ANazzlonale del Sud Istituto Nazionale d!z Fi ;szka Nucleare, 95123, Catania; Italy
The talk pfeSents' a revier o f the expenmental :Wori<s pérfoﬁﬁéd in a Wide 'colylabokrétick)n and
dedicated to the study of the multimodal ﬁsswn phenomenon Mass and energy distributions
of the fission fragments from the fission of 2/62/% 220R 220?24226771 and- 234Pu compound-
nuclei were measured and analyzed with relation to the fission modes presence. Neutron and

y-quanta emissions accompanied the fission process of 226Th compound-nucleus were

measured and analyzed the same way.
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+

The work presents the results of the study of characteristics of the neutron emission in
ﬁésion and qua‘si;ﬁssion of heavy and super-heavy nuclei, produced in the reactions 'with
: héavy ions‘. These experiments have been performed at the U-400 accelerator of the Flerov
,k:ijaﬁoratory ‘of Nuclear Reactions (JINR), tandem accelerator in Legnaro (LNL) and
VfVITRON accelerator in Strasbourg (IReS) with the use of the time-of-flight spectrometer
“of fission fragments CORSET and neutron miultidetector DEMON. 2%%pb, 2y, 168g;
; »s:;‘)eﬂcftrdmetr‘ic layers 120-200 mkg/cm’ in thickness were used as targets. They were deposited
oa a 20-50 mkg/cm?® carbon backings.
i i:;il‘\‘/Iass-cnergy distributions (MED) of the “*Ca + !%%Er, ?Ong, 287 and 30 + 2P reactions

+ products at energies close to and below the Coulomb barrier have been studied. The pre- and

post-fission neutron multiplicities as a function of the fragment mass have been obtained.

A significant yield of the asymmetric component observed in the fragment mass
distributions in the case of '*O + 2®Pb reaction denotes the multimodal nature of the fission
process. At the same time an increase in the yield of fragment masses ML§75-85 and
My = 200-210 in the case “8Ca+2%8pb, 28U reactions and My = 75-85 and My = 130-140 in fhé

case “Ca+'®Er is rather connected with a quasi-fission process. The obtained neutron

multiplicities dependences on fragment masses showed the validity of these assumptions.
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Shell Correction Effects in Quasi-Fission Reactions
Leadlng to the Synthe31s of Superheavy Elements

E. A Cherepanov ‘
Joint Institute for.Nuclear Research
Flerov Laboratory of Nuclear Reactions
141980, Dubna, Russia

In reactions used for the synthesis of superheavy elements the shell effects are man-
ifested in the mass distribution of quasi-fission products: an increased yield of closed-shell
nuclei, such as 28 Pb,32 Sn, is observed [1],

Quasi-fission (QF) is a nuclear process, which is reahzed in colhs1ons of two massive
nuclei. QF is the disintegration of a double-nuclear system, which is formed at the capture
stage and evolves into the symmetric form. Quasi- fission is the dominant channel in nuclear
reactions used for the synthesis of superheavy elements. In reactions of synthesis of super-
heavy elements there are indications for the influence of the nuclear structure of the DNS
nuclei on the probability of the system disintegration observed in the mass distribution of
quasi-fission products - nuclear fragments with closed shells have the greatest yield.

In the framework of our model (2] quasi-fission is considered as the process of evo-
lution of the double-nuclear system (DNS), formed at the capture stage, in the direction of
decreasing its charge and mass asymmetry, accompanied by the decay of the system via'all
intermediate and final configurations. The evolution of the DNS is handled by the system
potential energy - a function of its charge (mass) asymmetry and the interaction angular
momentum. In the reactions of synthesis of superheavy elements the DNS energy is small:
For this reason in calculations of the potential energy the real (table) masses of the interact- ,
ing nuclei rather than the liquid drop values are used. In the potential energy curve quite
deep minima occur for those DNS configurations for which one of the system nuclei is a
doubly magic one. The DNS evolution is retarded in these minima, which in turn leads to
an increased yield of the corresponding fragment-nuclei.

Our model offers a clear and realistic interpretation of the quasi-fission process and
occurrence of shell effects in the mass distributions. The model based on this concept allows
one to reproduce the shell effects in experimental mass distributions of quasi-fission products.

1

* E-mail - cher@jinr.ru
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"The detectlon system of the Dubna Gas-filled Separator for SHE’s

search

V.G.Subbotin, Yu.S.Tsyganov, AM. Sukhov,
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The system of the compound nuclei a-decays sequences and spontaneous fission events
detection, amplifying, measuremeht, readout and data accumulation is described. Represented
system was successfully applied in our recent experiments aimed to syntl;esize superheavy
elements and to reach "island of stability" nearly predlcted sphencal shell with Z>114 and
N=178-184. The questions of “dead time” decreasmg and system up grade for present

experiments are discussed.
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Evidence of Z=120 compound nucleus formation
from lifetime measurements in the 28U+Ni reaction
at 6.2 MeV/nucleon

J.L. Charvet!, A. Chbihi M. CheVallier 'C‘Coh‘en D. Daﬁve 3gne: , R. Dayras A Drouart
C. Escano Rodnguez JI.D. Frank]and D Jacquet’, R. Klrsch P. Lautesse M. Laget’, A.
L'Hoir*, M. Moqean L. Nalpas C. Ray , C. Stodel2 E.Testa’, C Volant!

! CEA- Saclay DSM/DAPNIA/SPhN - 91191 Gif/Yvette Cedex, France.
2 GANIL F-14021 Caen Cedex, France.
*IPN Lyon - 69622 Villeurbanne Cedex, France.
* GPS Jussieu - PS, Campus Boucicaut, 75015 Paris, France.
3 IPN-Orsay -91406 Orsay Cedex, France.
Email : adrouart@cea.fr

The possibility to form super-heavy nuclei with Z = 120 by fusion reactions is still an open question due to the
dominant quasi-fission process that presents characteristics very similar to the fusion-fission ones. Nevertheless,
quite different lifetimes are predicted for quasi-fission and for fission following fusion. Direct lifetime
measurements have therefore been undertaken at GANIL by the blocking technique in single crystals in order to
separate the fusion component from the quasi-fission one.

The 2®U + Ni reaction at 6.62 MeV/u has been studied using reverse kinematics. The blocking patterns in the
nickel single crystal were measured with a resolution of 2.107 degrees by two specially designed dE-E
telescopes. Each of them consists of a low pressure ionization chamber followed by a position sensitive resistive
silicon detector. One telescope was located at 11 degrees (inside the projectile grazing angle) in order to detect
projectile elastic scattering. The second telescope was located at 20 degrees, and provided us with the atomic
number and energy of all the heavy reaction products. The crystal lattice axes were oriented towards the
detectors with a goniometer. All the coincident charged products from proton up to uranium were detected and
identified in energy and atomic number over a nearly 4x a solid angle by INDRA [1]. .

The blocking patterns associated with elastic scattering of both the target and the projectile nucleus results from
very short interaction times (< 107" s, shorter than the sensitivity limit of the present blocking experiment
around 3.107%s) and are used as references, much. The interaction time associated with projectile-like fragments
arising from deep-inelastic collisions is also found shorter than our sensitivity limit. In contrast, the sequential
fission of uranium-like nuclei weakly excited in peripheral collisions.is associated with very long lifetimes, in
good agreement with previous measurements [2, 3] and with theoretical expectations. The quasi-fission/fusion-
fission events exhibit a blocking behavior intermediate between the elastic (and deep-inelastic) one and the
sequential fission one. A careful analysis of the reaction products detected in coincidence by INDRA indicates
that these quasi-fission/fusion-fission events arise from pure binary reactions in which only light charged
particles, with a multiplicity of the order of 0.1, are emitted. The blocking pattern associated with these events
cannot therefore result from any sequential emission. It is actually characteristic of the composite system
lifetimes. It indicates that at least 20 per cent of the events detected around 20 degrees and corresponding to the
quasi-fission/fusion-fission domain have lifetimes longer than about 10™s, a time scale only compatible with
compound nucleus formation. The so-formed Z=120 compound nucleus undergoes an asymmetric fission with
an atomic number distribution at 20 degrees centered close to Z = 50 and Z = 70. Considering the rather high
initial excitation energy that might be involved, the existence of very long fission times could be an indication
of shell effect restoration at low residual excitation energy.

[1] J. Pouthas et al., NIM A357 (1995) 41.
[2] F. Goldenbaum et al., Phys. Rev. Lett. 82 (1999) 5012.
BIM. Morjean et al., Nucl. Phys. A630 (1998) 200c
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Nucleosynthesis and search for superheavy elements (Z ~ 108 + 126) in nature:
the possible scenario.
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The yields of fission fragments of superheavy elements (SHE) in peaks at mass numbers 130,
" 164 and 195 in cosmic atomic mass abundance are considered to be possible on the base of their
“correlation with spontaneous fission data [1,2] in superheavy region (Z = 100 - 122). We can
consider the most intensive peak A=130 as light fragment close to double magic nucleus **Sng,
- and peaks 164 and 195 as hard fragments of asymmetric fission of superheavy progenitors after
neutron emission with multiplicity v = 4 + 8 [3]. In the result the mass numbers of fissionable
natural nuclides can be: 298 + 302 amu and 329 + 333 amu. Using the rules of"'unchanged charge
density" and equality of B - decay chains for light and hard fragments we receive Z = 114°; _and
Z = 126°, for above mentioned progenitors accordingly. Exceedingly sharp* cosmic mass
distributions with the full width at half these maximums: ~ 8 amu, can be explained by "cold
fission" due to shell effects in region of spherical nuclides [1]. '

Origin of these nuclides can be connected with upper shell of neutron star, where they can exist
~ in dynamic equilibrium with  surrounding dense neutron gas [4]. It is interesting that the harder
(Z ~ 126) from assumed SHE has the more large abundance of fission fragments in nonmagmatic
iron meteorites than in carbonaceous chondrites. The first group of meteorites can be associated
with Fe — Ni core and the second one with surrounding shells of Si, O, C in presupernova.

The rest after induced fission of naturally synthesized nuclide close to a spherical shell Z=114,
~ N=184 must undergo mostly the a — decay accordingly to theory [5,6] moving away from the
' N=184 shell and giving up hope to discovery of elements with Z = 110 — 108(?) in cosmic rays.
- The spherical shell of another natural nuclide in region close to Z'= 126 must include 184 or 196
neutrons [7]. Observed excess of these values in data of cosmic abundances of atomic mass can be
- explained by neutron capture in r-process and by more stability to spontaneous fission of this
progenltor
" The best objects for search of superheavy elements in nature in the assumption of their half-life
Tin 2 10 years are ore deposits — giants, connected with intraplate magmatism. The latter is
- drawing enormous amounts of trace elements from the Earth mantle. The half-life in interval on
10® — 10° years set a limit on search for SHE in nature by Phanerozoic history of the Earth only.
Influx of SHE on the Earth surface with more probability in that period could be from the nearest
Galaxy surrounding of the Solar system. On short parts of the Solar galactocentric orbit in periods
and between the epochs of the most extensive mass extinctions of organisms (439 — 367, 250 —
210 and 65 — 56 min. years ago) could be crossings through the shock wave front and passages
through star formation regions [8], where neutron stars and supemovae could be of the SHE
source. '

[1] E.K.Hulet et. al., Phys. Rev., C 40, (1989), 770.

[2] M.G.Itkis et. al., Yademn. Fiz., 66, (2003), 1154.

[3] G.N.Gontcharov., HIPH, Abstr.VII Int. sch.- sem. Dubna, (2002), 33.

[4] S.S.Gershtein, private communication.

[5] R.Smolanczuk, Phys. Rev., C56, (1997), 812.

[6] Yu.Ts.Oganessian, In "Heavy ion physics", JINR, Dubna, (1997), 25.

. [7]1 W.Greiner, Yademn. Fiz., 66, (2003), 1045.

[8] G.N.Goncharov, V.V. Orlov Astronomy Rep., 47, (2003), 925 and ASP Conf. Ser. (2004). In
press.
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CLUSTER INTERPRETA’I"I}ON OF PARITY DOUBLET
ROTATIONAL BANDS IN ODD-MASS ACTINIDES

T.M.Shneidman',G.G.Adamian!?, N. V.Antonenkol’ R.V.Jolos!

1 Joint Institute for Nuclear Research, 141980 Dubna, Russia

, 2In,stztute of Nuclear Physzcs, Tashkent 702132, Ugzbekistan

\ (March 19, 2004) - ‘

- The structure of parlty doublet rotatronal bands in odd-mass actinides has been descrrbed_,’:;
in a cluster model. The model is based on the assumption that cluster type shapes are
produced by the motlon of the nuclear system in the mass asymmetry coordinate. The
results of calculatmns of the spin dependence of the parrty sphttmg and of the electrrc dipole . -
transitions between members of parity doublet are in agreement with the experrmental data.
“This work is a.natural contmuatron of the preceedmg consideration on even-mass actinides - -

it

[1] T.M. Shneldman G.G. Adam1an N.V. Antonenko, R V. Jolos W. Sche1d
Phys Lett. B526 (2002) 322 N
[2] T.M. Shneidman, G.G. Adam1an N. V Antonenko R.V. Jolos W. Scheld

Phys. Rev. C67 (2003) 014313.
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“i.._Survival probabilities of superheavy nuclei with recent predictions

of nuclear properties

A.S.Zubov'?, G.G.Adamian®®, N.V.Antonenko?, S.P.Ivanova?, W.Scheid!
! Institut fiir Theoretische Physik der Justers—-Libeling-Universitdt, D-35392 Giessen, Germany
quint Institute for Nuclear Research, 141980 Dubna, Russia
8 Institute of Nuclear Physics, Tasﬁkent 702132, Uz.bekistan
Using the statistical model and recent théoretiéal predictions of nuclear properties [1],
survivalvprobabilities of superheavy nuclei are calculated. Level densities of the Fermi-gas
model. and of a model with collective-enhancement are used. The survival probabilities'
obtained for isotops with Z=102-109 with the predictions of [1] are close to those obtained
with the predictioﬁs of [2] The evaporatioh residue cross sections of sﬁpefheavy nuclei in
cold and hot fusion reactions are calculated. The cross sections O(2-3)n fqu the nuclei with
Z=103, 107-109 are predicted. The results obtained with the collective enhancement model
are more sensitive tb even-odd effects than those obtained with the Fermi-gas model. Taking
o ~the nucleus Z=116 as an example, we found the same isotopic trends'i‘n‘aER for the hot
| .fus‘ion actinide-based reactions with Ca beam with ﬁsing the predictions of [1] as it was
demonstrated in [3] with the predictions of [2].
The dependences-of the de-excitation of dinuclear systems on the isotopic configuration
of the entrance channel are analyzed’. The expériment for bbservatioh the neutfon emission
. from the excited dinuclear system is proposed.
v [1] O.Parkhomenko, I.Muntian, Z.Patyk and A.Sobiiczewski,,Acta Phys. Poi. B 34,
T 12153 (2003); L.Muntian, S.Hofman, Z.Patyk and A.Sobizczewski, Acta Phys. Pol. B 34,
" 2073 (2003); L. Muntian, Z.Patyk and A.Sobizczewski, Acta Phys. Pol. B 32, 691 (2001).
| [2] P.Méller and R.Nix, At. Data Nucl. Data Tables 39, 213 (1988). '
|3 G.G.Adamian, N.V.Antonenko, and W Scheid, Phys. Rev. C 69, 014607 (2004).
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Shape Coexistence, Superdeformation, Triaxiality and Chiral Bands »in,Neutron-Rich‘Nucleii -

JH. Hamilton', A.V. Ramayya JK. Hwang', S.J. Zhu'?, Y.X. Luo'*#, 10. Rasmussen P.M.
Gore!, E.F. Jones D. Fong K.Li, L. Chaturvedl15 R. Q. Xu?, LM. Yang’, Z Jiang?, Z. Zhang,
S.D. Xlou XQ Zhang G.M. Ter-Akoplan AV Daniel®, Yu. Oganessian®, V. Dimitrov’%, S.
Frauendorf %, A. Gelberg’, J. Korm1ck1 IY Lee WC Ma10 J.D. Cole11 M.W. Drigert', MA
Stoyer T.N. Glnter S C Wu R Donangelo

1Physws Department, Vanderbilt University, Nashville, TN 37235, USA
*Deparatment of Physics, Tsinghua Umver51ty, Beijing 100084, People’s Republic of China
*Lawrence Berkeley National Laboratory, Berkeley CA 94720, USA
“Institute of Modern Physics, CAS, Lanzhou 730000, China
" *Deparatment of Physics, Banaras Hindu University, Varanasi 221005, India
, $Joint Institute for Nuclear Research, Dubna 141980, Russia.
"Department of Physics, University of Notre Dame, Notre Dame, IN 4655 6, USA
IKH, FZ-Rossendorf, Postfach 510119, D-01314 Dresden, Germany
®Inst. fiir Kernphysik, Universitit zu K6In, Germany
«-1°Department of Physics, Mississippi State University, Mississippi 36762 -
"'Idaho National Engineering and Environmental Engineering, Idaho Falls, Idaho 83415, USA
12] awrence Livermore National Laboratory, Livermore, CA 94550, USA
"*National Superconducting Cyclotron Laboratory, East Lansing, Michigan 48824, USA
"“Department of Physics, National Tsinghua University, Hsinchu, Taiwan
Universidade Federal do Rio de Janeiro, CP 68528, RG Brazil

New insights into shape coexistence, superdeformation, triaxiality and chiral bands are observed in
neutron-rich nuclei in studies of prompt y-rays emitted in the spontaneous fission of 2*Cf at
Gammasphere. Over 6 x 10" triples and higher fold coincidences were collected to allow
identification of weakly populated side bands and higher spin states.

In the region of A=100 — 124, the gy, proton and hy;, neutron orbitals play important roles. Their
interplay results in rich structures characteristics of various coexisting nuclear shapes. In the odd-Z
nuclei from Z=39 to 47, bands built on gy proton orbitals, K= '2 intruder orbitals with large
deformation and band crossings related to h;;» neutron are observed. First and second band
crossings are observed in '’Ru and ''®Pd. Triaxial-rotor-plus-particle model calculations were
performed for Tc and Rh nuclei for comparison with our data. The best reproduction of the
excitation energies, signature splittings and branching ratios for the Tc isotopes was for €=0.32 and
Y= 22.5°on the prolate side of maximum triaxiality. The best fit to the even-parity bands of the Rh
isotopes was for near maximum tnax1a11ty with y = 28°.

In- '1%1%Mo, the ground band, one and two phonon y-vibrational bands and known two quasi

particle bands were extended. Several new two quasi particle bands were observed. These nuclei
have significant quadrupole deformation and triaxial characteristics. Two pairs of A=1 bands in
%Mo are found to have all the characteristics of a new class of chiral vibrational doublets. Tilted
axis cranking calculations support the chiral assignment and indicate the chirality is generated by
only the neutrons. These first chiral vibrational bands, which have a very different mechanism
compared to previously observed chiral bands, help prove the general nature and importance of
chiral behavior in nuclei.

By dividing the y-y-y data into different time windows, we could extract by double gating on two
of four transitions in a cascade, the lifetime of the lowest state. The lifetime of the 27 state and the
B, deformation were extracted for 1047r, 1ts B2 = 0.45(4) establishes the superdeformed character of
the heaviest known n-rich Zr nuclei.
S0
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-T-odd Asymmetries and Ternary Fission'
F. Goennenwein,
University of Tt uébz’ngen, Germany

In fission reactions induced by polarised neutrons several T-odd asymmetries in the
angular distributions of fragments and ternary particles become observable. The T-odd Left-
Right Asymmetry of fission fragments with respect to a plane being defined by neutron spin
and neutron momentum is known since quite a long time. It has in recent years also been
studied in ternary fission where the asymmetry of fragments is analysed in the presence of a
ternary particle, e.g. an a-particle. A further T-odd asymmetry, called Triple Correlation, has
come into focus in ternary fission. It has been discovered that the emission of a ternary
particle has different probabilities of ejection relative to a.plane defined by neutron spin and
fragment momentum. In the decay of free neutrons this triple correlation serves as a tool to
test time reversal invariance. A combined analysis of the two‘_above asymmefries has in the
case of fission, however, led to the conclusion that the triple correlation is due to a final state
interaction. Several theoretical models have been proposed to identify the character of this
final state interaction. A very appealing model is based on the observation that near scission
the fissioning compound is rotating and that the ternary particle is, hence, emitted from a
rotating system. In such a particle—rotor model the Coriolis force has to be taken into account.
Several predictions from this model are in good agreement with experiment. |
}  The experiments have been performed at the Institut Laue-Langevin by a collaboration
of teams from Russia (PNPI, KRI, ITEP), Germany(Univ.of Tuebingen, Darmstadt) and
Finland (Univ. of Jyvaeskylae). The suppoft by INTAS grants is gratefully acknoWledged.
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Studies of Fine Structure Decay in Proton Emitters at the Hollﬁeld
Radloactlve Ion Beam Faclllty

1. C. Batchelder', C. R. Bingham®?, T. N, Gmter14 C.J. Gross®, R. Grzywacz23 J. H.
Hamilton>*, M. Kamy>’, W. Krolas468 A Piechaczek®, K. Rykaczewsk1 M.N.
Tantawy’, J. A. Winger'®, and E. F. Zganjar

! UNIRIB, Oak Ridge Associated Universities, Oak Ridge, TN 37831
? Physics Dmston Oak Ridge National Laboratory, Oak Ridge, TN 37831
3 University of Tennessee, Knoxville, TN 37996
e  Vanderbilt University, Nashville, TN 37235 -
’ Oak thge Institute for Science and Education, Oak Ridge, TN 37831
: % Joint Institute for Heavy Ion Research, Oak Ridge, TN 37831
7 Institute of Experimental Physics, Warsaw University, PI-00681 Warsaw, Poland
¢ H. Niewodniczanski Institute of Nuclear Physics, PL-31342 Krako 'w, Poland
? Louisiana State University, Baton Rouge, LA 70803
1% Dept. of Physics and Astronomy, Mississippi State University, MS 39762

“The observation of - fine structure in proton emission allows one to measure the
composmon of the parent state's wavefunction and the deformation of the daughter state in
nuclei that are inaccessible durmg in-beam experiments. The emitted proton tunnels through
the Coulomb and centrifugal barriers, and. the decay probability depends strongly on the
energy of the proton and on its angular momentum 0. Proton emission from a spherical
(odd-Z, even N) nucleus typically occurs to the 0" ground state of the even-even daughter.
The orbital angular momentum (O) of the emitted proton can often be determined through the
use of a simple spherical WKB calculation of the expected rate of the tunneling process,
revealing the shell model orbital of the least bound proton of the parent emitting state. The
situation with the decay of an odd-odd nucleus to an (even-Z, odd-N) isotope-is quite a bit
more complicated. The proton emitting state consists of a combination of proton and neutron
states, with the final state being a low-energy (not necessanly the ground state) neutron state
in the daughter nucleus. The study of fine structure in the decay of these odd-odd nuclei can
be used to identify these low-energy neutron levels.

In this talk recent results on fine structure in the proton emission of “'Ho, *Tm and
“Tm obtained at the Holifield Radioactive Ion beam Facility (HRIBF) at Oak Ridge
National Laboratory will be presented. Recoil nuclei of interest were separated spatially
according to their mass/charge (A/Q) values by the HRIBF Recoil Mass Spectrometer
(RMS). And then implanted into a ~ 60-pm thick double-sided silicon strip detector (DSSD)
with 40 horizontal and 40 vertical strips. Signals from the DSSD were then processed with a
digital spectroscopy system using 40 MHz flash ADCs and digital signal processors.

In the case of 145Tm, we were able to observe a fine structure proton transition to the 2+
state in 144Er with a branching ratio of 9.6(15)%. Through the use of a particle-core
vibration model [1], the wavefunction for **Tm can be calculated using the experimentally
 determined energies and half-lives. The results of this calculation show that the structure of
the ground state of 145Tm is comprised mostly of 7h;;,® 07, while a small (~3%) admixture
of nf;,® 2" is responsible for the fine structure emission to the 2" state in the daughter.

[1]. K. Hagino, Phys. Rev. C64, 041304R (2001).
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Unexpected Rapid Varlatlons in Odd-Even Level Staggering in Gamma-
: Vlbratlonal Bands

E.F. Jones P.M. Gore', J.H. Ham11ton AV Ramayya XQ Zhang JK. Hwang ,
Y.X. Luo J. Kormicki', K. Li!,; S.J. Zhu , W.C. Ma’, LY. Lee*, J.0. Rasmussen , P.
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The"y-vibrational bands in '%1%Mo, 1%112Ry, and t2- 116Pd were extended to

~ higher spins in studies of prompt v rays emitted in the spontaneous fission of **Cf with

Gammasphere. The even-odd-spin energy level splittings, e.g. AE = E;* - E,", E4* - E5*,
..., show striking and rapid variations with spin, e. g in '*Mo to 12" the odd spin is
: pushed up closer to the even spin with the reverse, i.e., even spin pushed up nearer the
odd spin, in 108Mo and similarly a change in this pattern above spin 147 in %Mo. In
108112Ry there is the same reversal in patterns as in 104,108\ 10, with the differences in
adjacent AE values becoming 1ncreasmg1y larger to a highest difference of 570 keV.
Likewise, ''?Pd and ''“Pd show the same reversal in pattems w1th ‘the dlfferences in
“adjacent AE values increasing to 480 keV in'*Pd." : L
~ To better understand the behavior of y-vibrational bands, the'AE values for known
_vibrational bands in even-even ‘¥15%gm, 15160Gq 15+ 166Dy’ 156-170p,. 162174y 168
YOHf 170186y, 1721925 and '*%1%6Pt were calculated. In general, Sm, Gd Dy, and Er
exhibited little sta%genn in AE, with differences in AE s 40 keV, up to spin 10" except
for N = 88 '%2Gd, "**Dy, "®Er, where the differences are about 200 keV. At higher spins,
differences u to 100 keV are seen. Only in 12196y} and '7°Hf are ¥ bands known above
6" and in 21y} the differences in adjacent AE values reach 200 and 640 keV,
respectively. Only in '?Os between 5" and 8" are significant differences seen. For 180-
18pt, there is a strong oscillation to the maximum known spin 7° which has a reverse
pattern to the above cases, e.g., the AE adjacent differences start out large, 200 — 300
keV, and get smaller, 100 — 200 keV In "*81%°pt, only in "?Pt are the levels known
above 6" and staggering sets in at 5* with an increasing difference to 220 keV.

The role of stable triaxial deformation is likely playing an important role.in the
rapidly varying and large odd-even spin staggering. Clearly the data call for a more
microscopic description of y-vibrational bands including y-soft and stable triaxial
deformations.
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'YIELDS AND RARE MODES OF DECAY FOR HEAVY NUCLEI
PHOTOFISSION FRAGMENTS

Yu.P. Gangrsky, G. V. Mlshmsky, Yu.E. Pemonzhkev1ch
E.A. Sokol, V.1. Zhemenik :

Joint Institute for Nuclear Research, Dubna, Russia

The independent yields of photoﬁssmn fragments are presented. The heavy
nuclei 22Th, **U, ®*'Np, ***Pu and 243Am are irradiated by bremsstrahlung of
microtron with the boundary energy 25 MeV. The produced fission fragments were
carried by the gas flow to the detectors. The noble gases Kr and Xe were separated
from other fragments by their condensation in cryostat. The identification of
isotopes and determination of their yields was performed by the measurements of
their y-spectra. The mass distributions of independent yields for the isotopes of Kr
and Xe were measured by this means. The isotopic distributions of complementary
fission fragments (Sr, Y, Zr, Ba, La, Pr) were obtained also. The mean mass
number and the dispersion of these distributions were determined. '

“The performed measurements allow to determine the optimal condltlons for
the production of the most interesting: fission fragments. The ‘advantege of the
photofission as compared with the thermal neutron fission in the production of the
most neutron-rich fragments was showed. The possibilities of the observation of
the rare deaxy modes of fission fragments (delayed neutron pair p2n or o-partile :
Ba. after B-decay) are discussed. The first indications about these modes of decay
are obtained. The perspective of fission fragment structure are discussed. 4
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LASER ‘SPECTROSCOPY OF TRANSURANIUM ELEMENTS

Yu P. Gangrsky, D.V. Karaivanov, K.P. Marinova, B.N. Markov,
Yu.E. Penionzhkevich, S.G. Zemlyanoi

Joint Institute for Nuclear Research, Dubna, Russia

The perspectives of the study of the transuranium elements nuclear structure by
laser spectroscopy methods are considered. These methods alowes to determine the
number of important nuclear parameters — charge radii, spins, magnetic dipole and
electric quadrupole moments and to refer about single perticle and collective properties
of nuclei. The most interesting peculiarities of the transuranium nuclei are the deformed
closed shell 152 neutrons and the excited superdeformed states (spontaneously fissioning
isomers).

The first experimental results in these region of nuclei-are presented: charge radii
differences of the Uranium isotopes chain (A = 233 - 238) and the nuclear multiple
moments of the odd nuclei (233U 25y, ' Am, 243Am) The resonance fluorescence
detection in parallel atomic beam was used. The smooch dependence of these values on
the neutron number is observed. The comparision of these nuclear parameters with
calculated ones using different models is performed. The satisfactory agreement with
the droplet model predictions is obtained. The influence of these parameters on the
transuranium nuclei stablhty is considered. The correlation of charge radii odd-even
staggering and increasing of stability for the odd proton or neutron nuclei is
demonstrated. The plans of the forcoming expenments in region of nuclei near closed
~ shell 152 neutrons are discussed. ,

111



Experimental study of multi-cluster decays at the modified:
FOBOS and mini-FOBOS setups.
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The unusual fission events have been observed [1] in spontaneous fission of *>Cf measured by
the FOBOS setup [2]. An essential improvement of the data reliability has been achieved due to
the specially designed experimental equipment and the number of modifications performed [3].
In particular, FOBOS setup has been eciulpped with the neutron detectors and the specially
designed start-detector with the internal 252Cf source. The new electronic channels for measuring
drift time in Bragg ionization chambers, i.e. nuclear charge of the fragments, have been included.
The data processing procedures have been substantlally developed as well.

In the ser1es of experiments performed at the modified FOBOS spectrometer the structures
in the energy and mass correlations of
the fission fragments obtained on the
entire  base of 1.4%10" accumulated
events are treated as- an indication of
collinear cluster tripartition (CCT) of =
22Cf. This conclusion has been
additionally checked by the analysis of
the neutron multiplicity measured by the -
array of 140 “He-filled proportional:
counters in the PE moderator, covered
the solid angle of ~0.76m sr [4]. Our
conclusions have been additionally
insured by the results of the charge
analysis. There are also the theoretical
indications on the possibility of pre-

. formation of the third massive fragment
within the neck of fissioning system. The structures observed in the mass distributions of the
coincident collifiear fragments gated by neutrons seems to be defined by the magic numbers [5].

The further study of collinear cluster tripartition is planned at the mobile subset of FOBOS
(see fig.), namely, with the modified mini-FOBOS setup (MMF) [6]. Its actual configuration is
well suited for both spontaneous fission measurements and for in-beam experiments. The most-
intriguing check of the CCT events consists in the direct registration of the third massive
fragment. The signals from the avalanche counters are specially processed in order to reveal
particles, which hit the detectors at the same position shortly after each other. This experiment at -
the MMF setup is under way.

References
1. Yu.V. Pyatkov et al., Proc. Int. Conf. “50 Years of Shells”, 21-24 April 1999, Dubna,
World Scientific, p. 301
2. H.-G. Ortlepp et al., Nucl. Instr. and Meth. A 403 (1998) 65
3.D.V. Kamanin et al., Physics of Atomic Nuclei, v. 66 (2003) 1655
4. A. N. Tyukavkin et al., Abstracts of this conference
5. Yu.V. Pyatkov et al., Abstracts of this conference
6. S.V. Mitrofanov et al., Abstracts of this conference TN
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 Data processmg in cluster tl‘lpal‘tltlon experiments. .

, A N Tyukavkm YuV Pyatkov21 SR Yamaletdmov D V. Kamanin',
'W. Trzaska’, E.A. Sokol’, EA Kuznetsova

!Joint Institute for Nuclear Research, Dubna, Russia
? Moscow Engineering Physics Institute, Moscow, Russia
*Depdrtment of Physics of University of Jyvaskyla, Finland

In the experiments at the FOBOS spectrometer [1] some groups of rare events with a large
deficit both of the total mass and of the total kinetic energy of the complimentary fragments were
observed in the spontaneous fission of *%Cm and *2Cf nuclei. The results obtained have been
treated as an indication of the new type of spontaneous decay called collinear cluster tripartition
(CCT) [2]. Unfortunately the data suffered from scattering of the fragments (the main source of

“the background events) and evident shifts in mass calibration. In order to increase a reliability of
revealing of the CCT events some improvements were introduced both to the experimental set
up and data processing procedure.

Preliminary results mentioned above let one to suppose that a CCT- process should be
- accompanied by almost isotropic emission of neutrons of high multiplicity. For using this feature
for an identification of the CCT events the FOBOS set-up was completed by the belt of the 140
: 3He neutron counters [3].

- Special mathematical formalism was developed for the analy51s of experimental distributions
on number of tripped neutron counters. The main problem arising is an adequate consideration of
the neutron background due to random coincidences when the effect searched for does not
exceed 107 of binary fissions. The problem was solved successfully as it can be inferred from a
comparison of the experimental and simulated spectra (fig.1). The “tail” at high multiplicities
where experimental values systematically exceed the model predictions is precisely the effect

BN expected for the CCT events.
27 swpertmant V=011 Thick entrance windows of the high-aperture
o Smuaons 8 B FOBOS modules used for studies of rare decay
- modes under discussion put another complicated
problem namely restoration of the fragment mass
when energy losses in - the entrance foils exceed

60% of initial energy. In the frame of the approach

developed good linearity: and 'absence of the

systematical shifts in mass calibration were

achieved. New data processing strategy let us to

reveal for the first time some decay modes

indubitably connected with the CCT of the Z2cr

nucleus (4). We have -also reanalysed our data
Flgl Frequency - ,spé‘cfrum of number of obtained at the FOBOS set up some years ago [2]
tripped neutron counters in comparison with and obtained clear confirmation of the CCT of the
the mode! predictions. 52Cf and 2**Cm nuclei.

events processed:
57'378'615

Counts

number of detected neutrons
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NUCLEUS-NUCLEUS POTENTIALS FROM DEEP SUB-BARRIER FUSION
AND CLUSTER DECAY
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Cluster radioactivity (CR) occupies an intermediate position between alpha-decay and
spontaneous fission of nuclei. Twenty nuclides from 22!Fr to 42Cm emitting light nuclei from
140 to 38i, correspondingly, are known. More than a dozen theoretical models were proposed
for the explanation of this phenomenon. leferlng in details they describe CR either as an
adiabatic “fission-like” or as a sudden two-step “o-decay-like” (cluster) process. However, the
real mechanism of CR still remains an open problem. Despite the fact that different models
are the bases of these theories, they reproduce measured decay probabilities quite well [1]. The
reason for this lies in some compensation of different factors determining the decay probability.
At the same time, “fission-like” and “a-decay-like” models predict quite different shapes of the
potential barrier. So independent inforimation on the barriers, especially on their internal parts,
is of great importance for understanding the mechanism of CR. As both decay products are
formed in their ground states, a study of their deep sub-barrier fusion can contribute in solving
this problem as well. The aim is to get complimentary information both on nucleus-nucleus

potentials and mechanism of CR. The validity of such approach is the ability of the extracted
potential to reproduce both the fusion excitation function and cluster decay probability.
At present there are only two available projectile-target combinations leading to-the for--
mation of compound nuclei with the measured cluster decay probabilities. These are **2Ra —
14C + 208Pb and 2°U — 22Ne + 28Pb. Omne can expect that cluster decay probabilities for
some nuclides can be predicted rather reliably, e.g., for 224Th. It makes worthwhile to consider
the 60 + 28Pb — 224Th* ‘tombination for which deep sub-barrier fusion cross sections (based
on the available evaporation residues and fission excitation functions) could be obtained [2).
The experiment on fission cross section measurements in ?Ne + 28Pb — 20U* was recently
performed at JYFL with the use of an array of solid-state track detectors [3]. The analysis of
both sets of the data was performed in the framework of the HIVAP code successfully applied to .
~ the analysis of the 12C + 204206.208p}, excitation functions [4]. The shape of the fusion barriers
extracted from the data [2, 3] belongs to the family of cluster, or “a-decay-like” potentials, and
can be approximated by the Woods-Saxon form with the diffusenes parameter similar to that
‘obtained in scattering experiments. Successful description of deep sub-barrier fusion in the 60
and ??Ne reactions allows us to study the 283%Si + 208Pp — 236.238Cm* reactions keeping in
mind the 34Si + 2%8Pb — 242Cm* system for future study. The latter is the inverse reaction for
which emission of *Si from ?*?Cm has been observed. In such consideration the available data
on the fission cross sections obtained in reactions with radioactive beams should be taken into
account [5]. Moreover, it is of interest to test an applicability of our approach to the analysis

of deep sub-barrier cross section data obtained in symmetric combinations, for which some
unusual limitations on fusion was recently revealed [6].

(1] A.A. Ogloblin, et al., Erotic Clustering, CRIS 2002, Melville, NY, 2002, p. 122.

[2] S.P. Tretyakova et al., NN2003, Moscow, Russia, 2003, submitted to Nucl. Phys. A.

[3] S.P. Tretyakova et al., CLUSTER 03, Nara, Japan, 2003, submitted to Nucl. Phys. A.

[4] R.N. Sagaidak et al., Phys. Rev. C 68, 014603 (2003).

[5] Y.X. Watanabe et al Eur. Phys. J A 10, 373 (2001) K.E. Zyromski et al., Phys. Rev. C
63, 024615 (2001).

[6] C.L. Jiang et al., Phys. Rev. C 69, 014604 (2004).
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*SEARCH OF CLUSTER'DECAY OF A

| S.P.Tretyakova for collaboration:
J[NR Dubna; Kurchatov [nstztute, Moscow; leano Unzverszty lean
iThemba LABS, Capetown

Cluster radioactivity occupies an intermediate position between algha deca
spontaneous cold fission. It was observed for a number of nuclei from 21Fr to
emitting fragments from *C to 3si. Especially interesting results are expected for llght
actinides, first due the presence of the static octupole deformation in their ground states
and, secondly due to possible existence of exotic heavy quasimolecules in this region of
mass numbers. Experience showed that the decays of odd nucle1 are most sensitive to the
nuclear structure effects. ~ :

‘Experiment on search of cluster decays of *?Ac w1th emission of “C and N
fragments and measurement of their probab111t1es is under preparation. Among the possible
new obJects of cluster radioactivity studies, *Ac nuclide is of exceptional interest:

' 1. One of the best-evidences of the “oc-decay like” mechanism of cluster emission
-and of 1mportance of nuclear structure effects was obtained from observation of the fine

structure in ?*Ra > *C + 2Pb decay spectrum. As ***Ac is the 1sobar-analog of ?’Ra the

study of ‘its decay to. e + 2gj provides complimentary information  in this most

important case..In particular, if the transition hindrance is determined by the change of
_configurations of the odd nucleons one can. expect that. the decay 223Ac > '%C to the
- ground state of 2’Bi would be similar to the transition to the **’Pb first excited state.

‘2. Another im: yortant source of information on nuclear. structure effects would be
the measurement of '*C/'°N emission probabilities ratio. It could be especially useful for
testing the hypothes1s of quasimolecular structure of light actinides. It should be

42

o em has1zed that the daughter nuclei, 209B1 and 208Pb have well known structure, what
p

. simplifies the theoret1ca1 analys1s in comparison with the other cases.

3. The combined study of 2B Ac cluster decays and the decay products 1nteract10ns
elastic scattering or fusion-fission of '“C +*¥Bi and "N + *®pb projectile — target
combinations can provide unique information on the potential shape in the extremely sub-
barrier region.

; 22 Ac will be produced in the reactlon 22Th(p,6n)**'Pa > (38 min) > **Ac >(2.2
min) by irradiation of thick (~ 4g/cm?) thorium targets by ~ 65 MeV protons with the
intensity of several tens of pHA at the cyclotron of iThemba LABS. Protactinium will be
chemically extracted from the targets, and the sources for the array of solid state track
detectors (SSTD) w111 be prepared. The expected amount of '*C tracks in SSTD is several
hundreds and the 'N ones several tens, what allows to make comparison with all
significant models of cluster rad10act1v1ty
' The experiment with 22 Ac will make possible the overall comparison of the
neighbor cluster decaying nuclei 22Ra, ®Ra and **Ac and provide new important
information both on cluster radioactivity mechanism and structure of light actinides.
The first run is scheduled on October — November.

115



Neutron and Prompt Gamma Ray:Emission in the Proton Induced Fission of .
239Np and *3Am and Spontaneous Fission of 22Cf

L. KRUPA"", GN. KNIAJEVA', A.A. BOGATCHEV!, G.M. CHUBARIAN6 0. DORVAUX3
IM. ITKISI M.G. ITKIS', S. KHLEBNIKOV?, J. KLIMAN” N.A. KONDRATIEV‘ '
E.M. KOZULINI V. LYAPIN“ T. MATERNAZ, W. RUBCHENIA“ LV. POKROVSKYI :
w. TRZASKA4 D. VAKHTIN5 V.M. VOSKRESSENSKYI ~

!Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Russia -
Universite Libre de Bruxelles, PNTPM, CP229, B1050, Bruxelles, Belgique
*Institut de Recherches Subatomiques, CNRS-IN2P3, Strasbourg, France
Deparment of Physics, University of Jyvaskyla, FIN-40351, Jyvdskyld, F. mland
V.G. Khlopin Radium Institute, St.-Petersburg 194021, Russia
Texas A&M University, Cyclotron Institute, College Station, Texas, 77843-3366, USA
’Institute of Physics SASc, Dubravska cesta 9, 84228 Bratislava, Slovak Republic.

Average prescission vy and postscission vpes neutron multiplicities as weil as average y-
ray multiplicity <M,>, average energy <E,> emitted by y-rays and average energy per
one gamma quantum <g,> as a function of mass and total kinetic energy (TKE) of fission
fragments were measured in proton induced reactions p‘+242Pu—-)243 Am; p+238U—->239Np‘
(at proton energy E,=13, 20 and 55 MeV) and spontaneous fission of 22Cf, The Doppler
shift in the laboratory angular distribution of y-ray emission was utilized to obtain:the
number and energy of y-rays as functions of single fragment mass. The results in'the case
of 22Cf; for both average number and average energy as functions of single fragment
mass, are characterized by a sawtooth behavior similar to that which'is well known for
neutron emission. The similar behavior one can see for proton induced fission of **Np
and > Am. The fragment mass dependence Vpost(m) and <M,>(m) shows a clear sawtooth
structure that is gradually washed out with increasing proton energy E, or with
decreasing TKE. Using the response matrix technique we were able to distinguish
between statistical dipole (E;) and collectlve quadrupole (E,) y-ray emission of smgle
fission fragments.
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sl UBservahon of the multicluster decays of tm' s
- e . at the modified. FOBOS spectrometer. .

YV, Pyatkov D.V: Kamanm W.Trzaska’, S.R. Yamaletdmov E.A: Sokol?,
AN Tjukavkm12 AA. Alexandrov LA. Alexandrova 'S.V. Denisov?, S V. Khlebnikov*,
TE Kuzmma E.A. Kuznetsova S. VMltrofanov Yu.E, Pen10nzhkev1ch “Yu. V. Ryabov
V. G Tlshchenko B.V.Florko®

! Moscow Engineering Physics Institute, 115409 Moscow, Russia
2 Joint Institute for Nuclear Research, 141980 Dubna, Russia
3Department of Physics of University of Jyvaskyla, FIN-40014 Jyvaskyla, Finland
Khlopm-Radlum-lnsntute, 194021 St. Petersburg, Russia
SInstitute for Nuclear Research RAN, 117312 Moscow, Russia

In our previous works [1] we have discussed experimental indications of a new type of nuclear
. transformation called by us collinear cluster 'tripartition”. (CCT). The experiments were
performed at the 47- spectrometer FOBOS installed at the FLNR of the JINR ‘[2]: In order to
improve a reliability of identification of the CCT events recently FOBOS set up was equipped by
neutron detectors and special symmetric start-detector [3]. Data processmg procedure was
substantially modified as well. .

Two groups of FOBOS modules were used as a double- armed TOF-E (time-of-flight-energy)
spectrometer which covered ~29% of the hemisphere in each arm. Thus energies and velocity
vectors of the coincident fragments were detected. The neutron detector consisting of 140
separate modules comprising a *He-filled proportional counter in a moderator, covered
altogether ~19% of the complete solid angle of 47. A number of tripped neutron counters were
written as an additional parameter of each registered fission event. The overall statistics
processed to date is about 2%10° events.

- ] Mass distribution of the coincident collinear

23_140'1 fragments . under condition that both their

£ 120 ] velocities and momenta are approximately equal

LA is shown in fig.1. The rectangular like structure
g‘_‘{’{uo‘j below the loci of conventional binary fission

@ gp ] attracts attention. As can be inferred from the

'ET ] . figure a total mass of two complimentary

c 60 . fragments forming rectangle amounts to 60-85%

g 40 4 of the mass of the initial nucleus. The structure

=2 ] observed is bounded by magic fragments namely

= %Ni (spherical proton shell Z=28 and neutron
0 +rrperprrreeeeeeeeprepee SUbshell N=40) and 8Se (spherical neutron shell

0 20 40 60 80 100 120 140 N=50). Similar in shape structures but bounded

Fragment mass [a.m.u.] by another magic numbers are observed in the

mass distributions of the coincident collinear

Fig.1. Mass matrix of the complimentary fragments fragments gated by neutrons. Each structure

having approximately equal velocities and momenta.  revealed maps an evolution of the decaying

system onto the mass-energy space. Reconstruction of the evolution scenarios sheds new light on
the mechanisms of fission and cluster decay. :

References
1. Yu.V. Pyatkov et al., Proc. Int. Conf. “50 Years of Shells”, 21-24 April 1999, Dubna,
World Scientific, p. 301
2. H.-G. Ortlepp et al., Nucl. Instr. and Meth. A 403 (1998) 65
3. D.V. Kamanin ef al., Physics of Atomic Nuclei, v. 66 (2003) 1655
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Resonance scattermg experiments with low-energy radioactive
beams produced by an in-flight separator
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! Center for Nuclear Study (C’NS), University of Tokyo, Japan
2The Institute of Physical and Chemical Research (RIKEN), Japan
* 3 Department of Physics, University of Tokyo, Japan

4 Tokyo Institute of Technology, Japan

5 Department of Physics, Kyushu University, Japan
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% Chun-Ang University, Korea
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Low-energy radioactive-ion beams of around 5 MeV/ nucleon were developed by using an in-
flight magnetic separator constructed in the RIKEN-CNS Facility. Radioactive nuclides were
produced by nuclear reactions with low-energy heavy-ion primary beams bomba.rdmg targets
of light elements. For example, an *O beam was produced by using the *N(p,n)!*O reaction
in inverse kinematics. Due to high-intensity primary beams available at RIKEN and a large
acceptance of the in-flight separator, secondary-beam mtensmes of about 108 pa.rtlcles/sec were
achieved for some radioactive nuclides. e

Recently, these radioactive beams are used to study resonances in elastic scattering of proton
on unstable nuclei. : New experimental information on such resonances is useful for nuclear -
- structure study and also helps understand resonance contributions to stellar (p,y) reactions.
In an experiment, a low-energy radioactive beam bombards a thick proton target. Energies
of recoil protons are measured to deduce an excitation function of the elastic scattering. The
experimental goal is to obtain new information on E,, J”, and I' of the resonances from the-
resonance interference patterns seen in the excitation function. We will show experimental
results of 22Mg+p, "' C+p and some others.
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Excited States in Exotic Nuclei via
Direct Reactions of RI Beams

S. Shimoura

Center for Nuclear Study (CNS), University of Tokyo,
2-1, Hirosawa, Wako, Saitama 351-0198, Japan

Email: shimoura@cns.s.u-tokyo.ac.jp

Direct reactions of exotic nuclear beams populating their excited states are discussed
" from the aspects of the inverse kinematics by measuring in-flight decay of the beam-like
- nucleus and the selectivity of the reactions. Emphasis is made for inelastic scattering and
nucleon transfer reactions of & using a 11qu1d helium target. ‘ o
For studies of unbound excited states, characteristics of the invariant mass spectroscopy
- where the momenta of all the decaymg particles are measured is discussed. For bound state,
in-beam y-ray spectroscopy of fast moving exotic nuclei gives interesting information of
excitation spectra. ' o - ‘

Angular dlstrlbutlons of the direct reactions and angular correlations in the decaymg
process are discussed with the experimental data and the DWBA analyses

Recent experimental results of resonances in '?Be and 140 excited by the (a, a') reac-
tions and y-ray spectroscopy of 13B* and 23F* populated by the proton-transfer reaction (0:,t)
are presented relatmg to the magicities of N = ‘8 and Z = 8 in light unstable nucle1
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Ceramic Plutonium Target Development
- .. for the MASHA Separator

P. A. Wilk, D. A. Shaughnessy, K. J. Moody, J. M. Kenneally, J. F. Wild,
M. A. Stoyer, R. W. Lougheed, J. B. Patin, B. Ebbinghaus, and R. Landingham
University of California, Lawrence Livermore National Laboratory

~ - Livermore; CA 94550 USA

AV Yeremin and Yu. Ts. Oganessian
Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research
RU-141980 Dubna, Moscow Region, Russia

A solid plutonium ceramic target is-under development: for use in the MASHA [1] on-line
mass separator in Dubna. : This target, along:with recent upgrades of the U400.Cyclotron,
will increase at least a ten-fold the production and detection rate of element 114 with
MASHA. In addition, it will be poss1ble to measure the wei ights of the element 1 14 atoms
produced very premsely The target that is under development for the MASHA separator
will consist of a thick plutomum ceramic target capable of tolerating temperatures of
around 2000 °C without vaporizing the actinide target material. Promising candidates for
the ceramic:target include plutonium oxides and carbides, although more research into
the thermodynamic properties of these compounds is required and is currently bemg
under taken. Reaction products will diffuse out of the target and drift to an ECR ion
source. After being accelerated by the ECR ion source, they will be transported- through
the separator and implanted into a position-sensitive focal-plane detector array.
Furthermore, the operation of the MASHA hot target and ion source combination will
provide chemical volatility information that will support our assignment of an atomic
number of 114 to these nuclei. All the data that are taken together from these
experiments on MASHA with the ceramic plutomum targets will allow us to make
measurements that will identify decisively the element 114 isotopes that are produced and
provide the basis for future experiments in which the chemical properties of the heaviest
elements are studied.

This work was performed under the auspices of the U.S. Department of Energy by

University of California, Lawrence Livermore National Laboratory under
Contract W-7405-Eng-48.

1) Yu. Ts. Oganessian et al., Nucl. Instr. Meth. B 204 (2003) 606-613.



Neutron-rich nuclei studied in high-energy Coulomb breakup of
‘  secondary beams

Hans Emling

Gesellschaft fiir Schwerionenforschung (GSI), Darmstadt, Germany

Secondary beams of unstable nuclei with kinetic energies of several hundred MeV per
nucleon are produced at GSI in fragmentation and fission reactions followed by in-
flight isotope separation. Here, results of studies of neutron-rich nuclei at the LAND
detector setup are discussed. Interaction- of the projectiles with lead targets leads to
Coulomb breakup mediated through dipole excitations into the continuum. Non-
resonant excitations near the neutron separation threshold deliver information on
ground-state properties [1,2]; resonant excitation of the giant dipole resonance is
observed as well. Coulomb breakup measurements were performed for a number of
light (halo) nuclei and, more recently, for 1326 and neighboring isotopes. Other
reactions channels such as diffractive dissociation and knockout are measured
simultaneously ‘ !

[1] U. Datta Pfamanik et al., Phys.Lett. B551 (2003) 63-70
[2] R. Palit et al., Phys.Rev. C 68 (2003) 034318 ‘
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- Spectroscopy. of the odd transfermlum isotopes *’Md -

and *°Lr -
Ch. Theisen et al.
CEA Saclay, DAPNIA/SPhN, France.
Saclay, Jyvaskyla, Liverpool, Ganil, LPC Caen, CSNSM Orsay, Dubna
.~ Strasbourg and GSI collaboration:: :

Mendelevium (Z=101) and Lawrencium (Z=103) isotopes have been discovered
nearly 50 years ago at Berkeley and Dubna. However, very scarce information on
. their structure has been obtained up to now. For instance, the ground state spin and
parity of Md. and Lr 1sotopes remains uncertam The propertles of Transfermium
s elements is however of great mterest for the structure of the heav1est elements They )
~are also ‘involved in the 'structure of spherical super-heavy ‘elements. Detailed
~ spectroscopy is therefore essential to move-toward a:better understanding.of the -*
- limits of :stability. Odd -nuclei’ are. crucial, -since  they provide information on the
single particle structure of the Transfermium elements. ‘
A large. collaboration  involving. Saclay, Jyvaskyla, vaerpool Gaml LPC Caen
CSNSM Orsay, Dubna Strasbourg and GSI has focused on the study of 2*'Md and
By isotopes using various techniques.
Prompt gamma and’ electron’ spectroscopy was performed at Jyviskyld using the
Jurogam and Sacred arrays coupled to the RITU separator. Collective ‘properties -
(rotation) have been deduced. For the first time, at least 3 rotational bands have been
observed in an odd Transfermium'isotope as shown in figure 1. Since collective
properties alone can hardly disentangle single particle properties, complementary
decay experiments have been performed. Gamma and electron spectroscopy after
alpha decay of *’Lr has been studied at Jyviskyld and Ganil in order to assrgn the
single particle states.
The experimental results will be presented and compared to theoretical HFB
calculations. Single particle as well as collective properties of 2*'Md and **’Lr will
be presented.
Future perspectives of gamma-ray spectroscopy using the VAMOS spectrometer
and the EXOGAM array will be also discussed.
! Md (Preliminary)
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Figure 1: Gamma-ray spectrum of 2Md obtained at Jyviskyld using Jurogam and
RITU.




- NEW LINES OF RESEARCH WITH THE MAGNEX LARGE- - '
ACCEPTANCE SPECTROMETER

"~ A.Cunsolo™, F.Cappuzzello®, A. Foti®®,-A.Lazzaro™’, S.Orrigo™”,
C. Nocrforo J S. Wlnﬁelda

a. INFN Laboratorz Nazzonalz del Sud Catama Italy
b. Dlpartlmento di Fisica e Astronomia, Universita di Catania, Catania,
s Italy
¢. INFN - Sezione di Catania, Catania, Italy

A new design of magnetic speCtrometer, MAGNEX [1], is under
construction for the INFN-LNS, Catania. It is primarily intended for use
with the Tandem-accelerated radioactive beams from the EXCYT facility
[2]. Both projects are expected to be completed by the half of 2004.

The unique features of MAGNEX are its solid angle of acceptance
(51 msr) ‘momentum acceptance (10%) overall momentum ‘resolution of
V1/2000 and mass resolution of 1/200, together with a focal plane detector
havmg a low detectlon threshold (0.5 MeV/A) The spectrometer is based“

on a 55° bend angle dipole magnet with mean rad1us of 1.6 m. It is de51gned L

for a maximum r1g1d1ty of 1.8 Tm. Despite. the . large acceptance, a good -
momentum resolution is achieved by a combination of careful ion-optical
design [3] and software ray-reconstruction. The latter depends on three
things: the availability-of detailed field maps, the precise measurement -of
position and angle by the detection system, and the solution to high order of -
the equation of motion based on; in our case, the program COSY INFINITY :
~ of Berz [4].

The MAGNEX spectrometer w111 prov1de new opportumtles for,
e.g., studies of weakly-bound as well as heavy shell-stabilized nuclei via
direct reactions, nuclear reactions with large isospin numbers, and nuclear
astrophysics with both stable and radioactive beams.

[1] A.Cunsolo et al., Proc. Workshop Giornata EXCYT, Catania (1996) pp.
143-161, Proc. Workshop II Giornata EXCYT, Catania (1997) pp. 71-80.
[2] G. Ciavola et al., Nucl. Phys. A616 (1997) 69c.

[3] A. Cunsolo et al., Nucl. Instr. Methods A 481 (2002) 48; 484 (2002) 56.
[4] M. Berz, Nucl. Instr. Methods A 298 (1990) 473.
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On-line Production of Rb and Cs isotopes from Uranium Carbide Targets

A.E. Barzakh, D.V. Fedorov,A.M. Ionan, V.S. Ivanov, K.A. Mezilev, F.V. Moroz, S.Yu. Orlov,
V.N. Panteleev, Yu.M. Volkov
188350, Petersburg Nuclear Physzcs Instztute RAS, Lemngrad district, Russia

A. Andnghetto G Lhersonneau, L Stroe, LB Tecchlo X.F. Wang
INFN, Laboratori Nationali di Legnaro, Viale dell' Universita 2, 35020 Legnaro (Padova), Italy

L.Renan, A.Villari
GANIL (.Grand Accelerateur National d’Ions Lourds ) Boulevard Henri Becquerel, BP 55027,
F-14076 Caen Cedex5 France .

A senes of on-lme mass separation experlments have been performed at the IRIS facility to
measure the y1e1d and release of Rb and Cs neutron-nch isotopes produced by fission reaction of
By, A 1 GeV proton beam was used to bombard uranium carbide targets with the densities of
11 g/cm and 1.5 g/cm’ held at temperatures in the range of 2000 — 2230 °C. The release curves
of Rb and Cs long-lived isotopes ‘were measured from both kinds of targets. The overall
production efficiency was determined making use of experimentally measured cross-sections of
that isotope production. ‘Comparison of the experimental yields of Rb and Cs isotopes with the
calculated ones after corrections. for losses due to finite release times suggests that the diffusion
is the dominating process reducing the efficiency for short-lived isotopes. When normalized to
the same thickness, a yield enhancement is observed for the high-density rod target. It is
possibly explained by the reactions induced by secondary neutrons. A large odd-even effect with

hlgher yields of Cs even neutron isotopes has been observed, conﬁrmmg srmllar effect obtained -~

in earlier experiments.
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NUSTAR, Nuclear: structure research within the GSI project . -
objectives and organization”

Gottfried Miinzenberg
Gesellschaft fiir Schwerionenforschung (GSI) mbH,
Planckstr. 1, 64291 Darmstadt, Germany
and Johannes Gutenberg - Universitit Mainz,
55128 Mainz,Germany
Tel.: +49 6159 71 2733, G.Muenzenberg@gsi.de

The new GSI accelerator complex will extend nuclear structure research into
new regions. Experimental developments to enhance sensitivity and resolution

and to apply new probes will give new insights in the structure of the atomic

nucleus. :

New developments for structure research include a la.rge acceptance frag—

ment separator, detection systems for precision spectroscopy such as gamma

arrays with tracking capability, a low energy branch, a setup for reaction stud-

ies in reversed kinematics, and a storage ring complex for precision reactlon

studies with unstable nuclei such as proton and electron scattering. '
In this contribution the challenges and opportunities for structure resea.rch

with the new famhty will be outlined. The organization of nuclear structure

research at GSI on an 1_11ternatlonal basis within NUSTAR will be addressed. .
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Precision Experiments with Exotic Atoms'and Exotic Nuclides -
with the Present and the Next Generation International Facilities at GSI

Hans Ge1sse1
GSI, Planckstrl D 64291 Darmstadt Germany

Atoms are unique traps for negatlve partlcles and normally carry electrons. Exotic atoms
can be created in experiments by replac1ng bound electrons by other negatrve particles
like mesons or antlprotons In pioneer expenments at the fragment separator FRS at GSI

deeply bound pionic heavy atoms were created and 1nvest1gated Pionic states in lead and.
tin atoms in the 1s level have given new 1nformatron on the strong 1nteractlon and the in-

medium mass modlﬁcatlon of the prons . :

Exotic nuclei have been produced and separated with the FRS at relat1v1st1c energles At
these high velocities the exotic nuclei are bare and thus provide unique possibilities to
measure their decay, propertres in the storage nng 'ESR under conditions which prevail in’
hot stellar matter We observed that the absence of atom1c electrons can change the nu-
recently discovered beta decay into bound states. For the first the branchmg of bound and
continuous beta decay have been measured for 2’T1 fragments. o
Precision experiments normally require a small phase space occupation and a long ob-
servation time, conditions which are extremely difficult to achieve with rare isotopes.
Special cooling techniques in storage rings and ion-optical measures solve these prob-
lems. New results from such precision experiments with stored exotic nucle1 at relativis-
tic energies at the FRS-ESR will be presented in this contribution.

The small 1ntens1t1es for exotic nuclides are still the main limitations to reach the neutron
dripline for elements heavier than oxygen. A new dimension in research can be opened
with the planned international next-generation facility presently discussed at GSI. For the
first time nuclei along the nucleosynthesis path of the rapid-neutron (r) process can than
be investigated on a larger scale and new structure and shell effects are waiting to be dis-
covered with the planned Super-FRS facility.
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. Perspective of RI beam based research at RIKEN .

, Tohru Motobayashi
RIKEN (The Institute of Physical and Chemical Research), 2-1, Hzrosawa, Wako, Saitama
851-0198, Japan -

The RIKEN Accelerator Research Facility has provided variety of fast radio-isotope (RI)
beams. Their intensities are hlghest in the world for many light unstable nuclei. Many kind
of studies have been made and are in progress using these exotic beams. By nuclear reaction
studies in reversed kinematics at several tens MeV /nucleon energies, many interesting features
- of neutron-rich nuclei, such as neutron halo, magicity loss of N=8; 20, have been found. Nu-

clear astrophysics studies have also made with direct and indirect methods for nuclear burning
processes involving unstable nuclei.

Direct reactions are useful for nuclear. spectroscopy. However, development of new methods
was necessary because of difficulties due to the reversed kinematics, the poor beam-energy reso-
lution, and the low beam intensity. We have developed the following two methods.to overcome
the difficulties. One is to measure the invariant mass if the excited state of interest is particle
unbound. For bound states, deexcitation -y rays are’ measured to identify the excited levels

In the invariant mass method, particles decaying in flight is measured.: The excitation energy
of their parent nucleus is obtained from the invariant mass measured by their momentum vectors.
The energy resolution is almost free from the energy spread of secondary beams. We have been
studying, by this method, astrophysical (p,y) processes with the Coulomb dissociation method.
-The processes with p-shell nuclei, such as 8B—"Be+p, °C—8B+p, and “O—!3N+p have been
measured with Pb targets. Recently we extended the Coulomb dissociation study to a few rp-
process nuclei as 22Mg—23Al. ‘Another application of the Coulomb dissociation is to measure
the E1 strength function of very neutron-rich nuclei. Coulomb dissociation experiments with
11Be and 26Ne beams are such examples.

Coulomb excitation to particle-bound states has also been studied for various unstable nuclei.
Comparing the yield of deexcitation v rays and theoretical prediction of the Coulomb excitation
cross section, the transition probability of the relevant state can be extracted. We built arrays
of Nal(Tl) scintillators called DALI and DALI-2, and measured the probabilities of the 2*-
0t transitions in 32Mg, 3*Mg, 56Ni, etc, and the El transitions in !Be, ?Be and !50. The

“same method was extended recently to (p,p’) and (d,d’) reactions. Efficient measurements were
realized by using a liquid hydrogen target. The location of the first 2% state in 3°Ne, the most
proton deficient N=20 even-even nucleus, has been determined for the first time by a (p,p’)
experiment. Recently, we have performed another (p,p’) experiment, and found two bound
excited states in 2’F, which are not expected in any of recent theoretical calculations.

One of the recent highlights is the 2¥-0% transition in 6C. A lifetime measurement and
a 16C4Pb inelastic scattering experiment point to a surprising nature of the transition: very
much hindered E2 and enhanced neutron excitation. This indicates almost complete decoupling
of proton- and neutron-motions in this nucleus.

In order to extend studies to more exotic and heavier nuclei, the RIKEN RI Beam Factory is
now being build. It is expected to come into operation during the year 2006 and first ‘experiments
will start in 2007. The outline of the new facility together with planned experimental devices
will be presented.
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First beams of the Radioactive Ions Beam Facility: in Brazil (RIBRAS)

R. Lichtenthiler!, A. Lépine-Szily!, V. Guimaré’.éé‘,M.S. Hussein!, C. Perego!, V. Pacco!, O.
Camargo Jr.!, R. Denke!, P.N. de Faria!, E.A.'Benjamim’, R.Y.R. Kuramoto!, N. Added!
G.F. Limal, J. Kolata?, A. Arazi3

! Institute of Physics of the University of Sio Paulo, 05508-900, Sao Paulo, Brazil
2 Physics Department, Un1vers1ty of Notre Dame, Notre Dame, Indlana 46556- USA
3 Comlslon Nacional de Energia Atomlca.- Laboratorio Tandar - RA 1429 Buenos Aires, .
- Argentina

rubens@if.usp.br

“A system consisting of two superconducting solenoids (RIBRAS)! for the production of
secondary light exotic beams was recently installed at the Pelletron Laboratory of the University
of Sdo Paulo, Brazil. The two solencids are presently installed at one of the beam lines of the 8
MV, Tandem accelerator and, in a later stage, they will be moved to the LINAC pos-accelerator
of 10A.MeV, when operational: The RIBRAS system is similar to the UND-TWINSOL system,
with a larger field integral (57.m) and a larger maximum central field (6.5T) in order to operate
using the higher mass and energy primary beams delivered by the LINAC. ‘

Secondary beams of Li (Eja3=26 MeV) and ®He (Erp=23 MeV) using.a (E = 3OMeV,
200nA) “Li primary beam and a.®Be primary target:have been produced with intensities of
10%part/s. of 8Li and 10%part/s of ®He.. We performed measurements of elastic scattering
angular distributions of 8Li and ®He on-*'V and gold targets. o

Details of the pI‘OJeCt future perspectlves and the new data w1ll ‘be presented

1. R. Lichtenthéler, A;Lépine—Szily, V. Guimeries, G.F. Lima, M.S'./;Husseiﬁ
Nucl. Instrum. and methods in Phys. Res. A505(2003)612 -
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i Decade of research on the K=130 cyclotron in Jyviskyld -
| W. H. Trzaska

University of Jyviskyld, Dept. of Physics
FIN-40014 Jyvéskylé, Finland
E-mail: trzaska@phys.jyu.fi

Ten years ago the K=130 cyclotron became fully operational delivering for the
first time 4000 hours of beam on target. During the next 2 years that number has
climbed to the unprecedented 7000 hours of beam on target per year and has remained ‘
on that level till now. The delivered beams are not onl‘?f excellent in quality but also in
variety: from protons to Xe ions including the exotic “*Ca. Even more astonishing are
the scope and sophistication of the experiments carried out in Jyviskyli, mostly with
the help and contribution from our outside collaborators including many physicists
from Russia (mostly from Dubna, Kurchatov, Radium Institutes and MEPhI). In my

talk I shall present highlights of these joint achievements of the past decade and reveal
- some of our future plans. " o ‘

- r
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A universal slow RI-beam facility (SLOWRI) at RIKEN RI-beam
factory

Michiharu Wada

Atomic Physics Laboratory, RIKEN 2-1, Hz’rosa'wa, Wako, Saitama, 351-0198 Japan
mw@riken.go.jp . -

A universal slow radioactive beam facility, (SLOWRI) is being developed as part of the
RIKEN RI-beam factory (RIBF). This factory consists of a linear accelerator, a series
of four cyclotrons and a prOJectlle fragment separator that prov1des a wide variety of
energetic RI-beams. SLOWRI aims to provide low-energy RI-beams of high purity and
small emittance with less restricted to the chemical property of the nuclides by utlhzlng
" a universal slowing down and cooling schemes, rf ion guide [1].

In SLOWRI the energetic Rl—beam that leaves the fragment separator ( > 100A MeV) is
first passed through a degrader and ‘then. stopped and thermalized in a catcher gas: cell
filled with a He gas of ~100 Torr. The high 1on1zat1on potent1al of He ensures ‘that most
radioactive ions end up in the singly charged ions that can be manlpulated by applied
electric fields. Using dc and rf electric fields that guide the ions to a small exit nozzle
the ions are extracted from the gas cell and entered into a rf six-pole ion beam guide
(SPIG) [2]. The beam guide separates the ions from residual He buffer gas and delivers
them to a high vacuum region.

In an on-line test using a ~1004 MeV ®Li beam from the RIKEN projectile fragment
separator RIPS we obtained an overall efficiency of 4% when the injected beam intensity
of 8Li was ~10® s~!. This value corresponds to an ion guide efficiency of 33%, since
only 12% of the incoming 8Li beam from RIPS is estimated to be stopped in the gas-cell
while others are stopped in the degrader upstream and an end-plate downstream from the
cell. This efficiency decreases, however, for higher beam intensities due to space-charge
effect [3]. :

In the symposium, technical bases of rf ion guide and the present performance of the
on-line tests will be reported. In addition, planned experiments at SLOWRI will be
discussed.

References

{1] M. Wada et al, AIP, CP606, Non-Neutral Plasma Physics IV, (2002) 625-633;

M. Wada et al, Proc. of EMIS14, Victoria, 2002, Nucl. Instrm. and Meth. B204 (2003)
570-581.

[2] S. Fujitaka et al, Nucl. Instrm. and Meth. B126 (1997) 386.

[3] A. Takamine et al, to be submitted.
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EXCYT: a new heavy-ion facility ready to start

M. Menna, G. Cuttone, M. Re, F. Chines, E. Messina

The EXCYT facility (EXotics with CYclotron and Tandem) at the
INFN-LNS, Catania, Italy is based on a K-800 Superconducting Cyclotron
injecting stable heavy-ion beams (up to 80 MeV/amu, 1 epA) into a target-
ion source assembly to produce the required nuclear species via the ISOL
method, and on a 15 MV Tandem for post-accelerating the radioactive
beams. After thermal ANSYS simulations, during May 2003 the Target-Ion
Source assembly (TIS) was successfully tested at GANIL under the same
operational conditions that w111 be initially used at EXCYT. Yields and
production efficiencies for * °Li were compatlble with the ones obtained at
SPIRAL! ,

Following suggestions bgf the Referees and the LNS Research
Division, we decided to deliver “Li as the first EXCYT radioactive beam
(primary beam *C). This choice also takes in account the availability of the
MAGNEX detector in 2004 as well as the requests and the first results
obtained by the Big Bang collaboration. The commissioning of the EXCYT
facility is foreseen by the end. of 2004 together with the start of the nuclear
experiments programme. In this talk we also report prospective ion beams
currently in development as well as results of collaboratlons on new types of
targets.
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Present status of the KEK-JAERI joint RNB project

 H. Miyatake™
Institute of Particle and Nuclear Studies (IPNS), High Energy Accelerator Research Organization (KEK), Oho
1-1, Tsukuba, Ibaraki 305-0801, JAPAN

ngh Energy Accelerator Research Orgamzatlon (KEK) and Japan Atomlc Energy Research Institute
(JAERI) are jointly constructing the Tokai Radioactive Ion Accelerator Complex (TRIAC) facrllty at Tokai
site of JAERI[1]. This facility consists of the 20 MV Tandem accelerator, Isotope Separator On-Line (ISOL),
charge-breeding ECR (CB-ECRIS), split-coaxial RFQ (SCRFQ-) linac interdigital-H : type ‘ (IH-) linac, ‘
pre-booster linac, three Bunchers; and superconductmg (SC) linac. The output RNB energy is variable
between 0.1 to 8 MeV/u. The TRIAC facility will become partly operatlonal later this year The heavy
neutron-rich RNB as well as light RNB having their energy upto 1.1 MeV/u will be supplled from IH-linac at
this early stage of the facility. We will report the present status of this facility together w1th, typical research
programs at the TRIAC.k' ’ ' v ‘ -

So far, various kinds of neutron rich radioactive nuclei produced by the proton induced fission and by the
heavy-ion trarleer reaction have been successfully ionized in R&D works at Tokai site. Based on these results,
the intensity of mass- separated 144Cs RNB, for example is expected to be 5x1 0’ pps for the 30 MeV and 3 pA
proton beam. The charge breedmg efﬁclency of 18 ‘GHz CB-ECRIS for the extemally m_]ected 1*-ions was "
measured at KEK-test bench. The highest efficiencies reached 13.5% for Ar9+ 10.4% for Kr'**, and 6.8% for
Xe*™, respectively. These high charge states fulfill the acceleration condition (A/q<7) of the linac complex.

Some pilot experiments with low-energy RNB have been performed. The RNB is obtained by utilizing the
inverse transfer reaction and the recoil mass separator in Tandem facility. One of these experiments is for a
direct measurement of the astrophysical %Li(at, n) reaction, which is a key reaction for the heavy element
synthesis in going across the stability gap of A=8 under the explosive stellar condition. The obtained result has
ten times better statistics compared to the previous exclusive measurement. Another experiment is for a
non-destructive measurement of the thermal diffusion constant of Li-ions in LiAl intermetallic compound. A
very clear diffusion effect of implanted ®Li has been observed at first. These results and future experiments at
the TRIAC will be discussed.  *

+

[1] H. Miyatake, et al., Nucl. Instrum. Meth. B204(2003)746.

* This paper is a group report made on behalf of about 50 scientists, engineers, technicians of High Energy Accelerator
Research Organization (KEK) and Japan Atomic Energy Research Institute (JAERI).
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“The detection system of the Dubna Gas-filled Separator
for SHE’s search.

V.G.Subbotin, S.N.Iliev, A.M.Sukhov,
Yu.S.Tsyganov, A.N.Perakov and A.A.Voinov

Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, Russia

The system of the compound nuclei a-decays sequences and spontaneous fission events
detection, ampllfymg, measurement, readout and data accumulation is described. Represented
system ‘was successfully applied in our recent expenments aimed to synthesrze superheavy
elements and to reach "island of stability" nearly predlcted sphencal shell with Z>114 and
N=178-184. The questlons of “dead time” decreasmg and system up grade for present

experiments are discussed.
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UC, fission targets design for the Spiral 2 project and the Alto
 project

0.BAJEAT!, S. ESSABAA', JM. GAUTIER®, Y. HUGUET?, F. IBRAHIM', P. JARDINZ, C. LAU', N. LECESNE?,
R.LEROY? M. MIREA® F. NIZERY’ F. PELLEMOINE2 C. PHAN VIETS, D. RIDH(AS’ M.G. SAINT-LAURENTZ

1) Institut de Physique Nucléaire, 91406 Orsay, France
2) GANIL, Bd H. Becquerel 14076 Caen cedex 5, France
. 3) DAPNIA, CEA Saclay, 91191 Gif sur Yvette, France
4) LPC, 6, Bd-du Maréchal Juin, 14050 Caen cedex, France
5) NIPNE, P.O. Box, MG-6, Bucharest, Romania
6) Institute of Physzcs Centre of Nuclear Physics, P.0.Box 429 BOHO Hanoz 1 0 000
Vietnam

Two ways of productlon of radloactlve beams usmg uranium carblde targets are taken
into consideration: fission mduced by fast neutrons and by bremsstrahlung radiation. For the
SPIRAL 2 project,.the fission of 28U in uranium carbide target will be induced by a neutron
flow created by bombarding a carbon converter with a 40 MeV high intensity deuteron beam.
Calculations and design of the target in order to reach 10'* fissions/s with good release have
been done. The second way is the photofission using an electron beam. In 2005 the ALTO
project (Accélérateur Linéaire Auprés du Tandem d Orsay) will give a 50 MeV/10pA
electron beam. This facility will allow more than 10" fissions/s. In this case, the electron
beam hits the target without converter. Calculations realised in order to estimate the
production are used to choose the best target shape. For the two cases some R&D under way
will be described.
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MULTICHANNEL ELECTRONICS SETUP.FOR COMBAS SEPARATOR

A G Artukh SA Klygm@ 0.V. Semchenkova, Yu M. Sereda Yu G Teterev and
: o AN. Vorontsov™
Flerov Laboratory of Nuclear Reacttons Jomt Instttute for Nuclear Research 141980 Dubna, Russ:a,'

A. Budzanowski, G. ‘Kaminski and J. Szmider
The Henryk Niewodniczanski Institute of _Nuclear Physics, Radztkowskiego str., 1.52, 3 1-342, Krakow, Poland;

N.I. Zamiatin, D.A. Smolin and N.V. Gorbunov
Laboratory of Particle Physics, Institute fcr Nuclear Research, 141980, Dubna, Russia;

To investigate properties of exotic nuclei, it is necessary to perform complete kinematic
measurements’ of all products in the exit channel. The COMBAsteparator multiparameter
reglstratlon system serv1ces both traJectory and t1me of-ﬂlght measurements of radioactive
nuclear beams and detectlng systems measunng klnematlc charactenstlcs and- mu1t1p11C1ty of
the products of nuclear reactions:in correlation experiments [1].

The whole registration’ system has a h1erarchlc mu1t1funct10na1 structure The top level
of this system 1nc1udes traJectory and t1me of ﬂlght measurements of radloactlve beams
transported by the separator to the focal.plane correlation chamber. Th1s level i is based on two-
coordinate avalanche counters, which perform, together with the ‘magnetic rigidity
measurements, precise determination of the energy and mass identification of separated nuclei
by the time-of-flight method (TOF). Moreover, physical trigger for the startup of multichannel
electronics in the correlation experiments is generated on this level.

. The low level of the registration system services detector system for correlation
measurements. This subsystem consists of several lines of multichannel electronics for 32-strip -
Si detectors and ionization chambers used as thin AE detectors for measurement and
- identification of short-range nuclear reaction products or nuclear decays. An electronic line for
a 32-strip detector includes three 32-channel modules: a preamplifier (PA), a spectrometric
shaping amplifier (SA), a multiplexer (MUX) and a single channel Analog-to-Digital
Converter (ADC). The detector with the preamplifier is mounted in a vacuum correlation
chamber. The other three modules (SA, MUX and ADC) are implemented in CAMAC

standard and placed outside the vacuum chamber.

REFERENCES
1) Artukh A.G. et al., Nucl. Instr. and Meth. v.A426, 1999 p.605
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Improvement of the SHIP Target Wheel = = = '

H.J. Schétt!, B. Klndler B. Lommel1 R. Mann D Ackermann12 S. Antahc
H.G. Burkhard1 P. Cagarda3 FP HeBberger S. Hofmann*, J. KOJouharova ,
P. Kuusmleml M. Leino®, O.N. Malyshev G. Munzenberg AG. Popeko
S. Saro’, B. Strelcher3 B. Sulignano', J. Uusitalo®, A.V. Yeremin®

IGsI DannStadt,Gennany, 2fohannes Gntenberg-Univeréitﬁt, MaAini,‘Gemlany,
3Comenius University, Bratislava; Slovakia, *J.W. Goethe-Universitit, Frankfurt, Germany,
5Univversity of Jyviiskyli, Finland, SJINR Dubna, Russia

The use of metallic lead or bismuth targets is limited at high beam currents due to

their low meltmg pomt In order to increase the 1nten51ty for irradiation in heavy element
| experlments, we 1nvest1gated p0551b111t1es to 1mprove the presently used wheel technology In
" detail we will report on ~ :

a) the optimization of the beam profile using octupole magnets,
b). the use, of chemical compounds with high melting point,

c) the coolmg of the target in a He atmosphere, and :

d) the on-line control of the target using the scattering of 20 keV electrons.

The application of these methods was already tested in experiments, the results will
be presented.
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- The Modified Muu-FOBOS setup

S. V Mltrofanov D V Kamanin', A.A. Aleksandrov', LA. Aleksandrova EAKuznetsova
Yu.V. Pyatkov“ V.G.Tischenko', V.M. Vasko', V.E. Zhuchko'
! Joint Institute for Nuclear Research, Dubna, Russia :
zMoscow Engineering Physics Institute, Moscow, Russia

The present paper is devoted to the new mobile double-arm TOF-E-Z spectrometer of
the charged fragments named the Modified Mini-FOBOS setup (MMF) turned into operation this
year. It inherits the modular structure and the standard detector modules of the 47 spectrometer
of charged particles FOBOS [1]. The main feature of the FOBOS detector modules is the
independent measurement of the velocity vector, mass and charge for each fragment without any

. 'kinematical assumptions on the reaction mechanism. This makes possible precise study of the

reactions in the most general case — non-binary processes with some missing mass. These

- excellent capabilities in registeriug charged products of nuclear reactions have been confirmed in
.. different experiments dedicated to the study of multi-body decays both with HI beams [2] and
~ with the spontaneously fissile sources [3].

7T Beam a:kisﬂ(bdth'directrbn), The general idea Qf the'MMF ‘?O“Sists
, in using a small reaction chamber,

which might be unique for each
‘experiment and the basic universal
system maintaining the detectors. The
 FOBOS-modules are fit to the reaction
chamber by means of the adapting
~cones. Our spectrometer is currently
‘ ! provided by the universal reaction
NSO /) - chamber of 44 cm in the diameter with
the available arm- angles of 65°, 90°
and 135° in the reaction plane for both
detector ‘modules (see fig.). The

' direction. of the beam can be reversed
'mcreasmg thus the number of possible

"Alternative target nodes.

\ 231

e"ﬁ
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_ angles between the detectors. ‘The ﬂlght -path in this conflguratlon amounts to 50 cm, i.e. the
_ same as at the FOBOS setup. Hence, we keep the resolution parameters specific for FOBOS

~Such a configuration of the spectrometer is'well suited for study of heavy-ion induced reactions

_and for spontaneous fission as well.

Thus, all the’ advantages of the FOBOS spectrometer (except of the declared geometncal

efflcrency closed to 4m) have been adopted entirely by the Mini- FOBOS ‘spectrometer.

“‘Depending on demands of the particular experiments the additional detectors can easily be

installed (gamma-detectors, neutron-detectors, forward-angle arrays, etc.). In particular, the high-
efficiency neutron counter has been coupled to the spectrometer during the last experiment on
the search for the collinear cluster tripartition {4,5]. Besides this, modifications have concerned
the start detector, the electronics and the data acquisition system. Also the completely new
independent gas-supplying system has been developed.

We are planning to exploit the advantages of the MMF setup in forthcoming experiments
dedicated to the study of collinear cluster tripartition in the different reactions with light particle
beams.

References

1. H.-G. Ortlepp et al. NIM A 403 (1998) 65-97.

2. V.G. Tishchenko et al., Nucl. Phys. A 712 (2002) 207-246.
3. Yu.V. Pyatkov et al., Abstracts of this conference

4, D.V.Kamanin et al., Abstracts of this conference

5. A.N. Tyukavkin et al., Abstracts of this conference

137



SYSTEM F OR FEEDING HYDROGEN ISOTOPE GASES INTO A CYCLOTRON
ION SOURCE -

A.A. Yukhimchuk, V.V. Ahtilopov, V.A. Apasov, Yli.I.Vinogradov, AN. Golubkov,
Ye.V. Gornostaev, S.K. Grishechkin, A.M. Demin, S.V. Zlatoustovski, V.G. Klevtsov,
A.V. Kuryakin, L.N. Malkov; R.K. Musyaev, V.I. Pustovoi S.V. Filchagin

-Russian Federal Nuclear Centre — All-Russia Scientific Research Instttute of Experzmental
Physics (RFNC- VNIIEF, ), 607188 Sarov, Nizhniy Novgorod Reg., Russia

V.V. Bekhterev S.L. Bogomolov G.G. Gulbeklan AA. Yefremov A Zelenak M. Leporls
- V.N. Loginov, S.V. Pashchenko, A.M. Rodin, Yu.I. Smirnov, N.Yu. Yazvitski

- Joint Institute for Nuclear Research, 141980 Dubna, Moscow Reg., Russia.

Transfer reactions observed with the use of tritium beams present a good way for the study
of light nuclei at the neutron stability boundary. Experiments employmg a ‘trlton beam produced
by the U-400M cyclotron yielded new data on the resonance states of *H and *H nuclei produced
in the t+t—)5H+p, t+t—)4H+d and t+d—*H+p reactions. The cyclotron was tuned to accelerate
singly charged DT" ions to energy of 19.4xA MeV. A 58.2 MeV triton beam was extracted from

“the’ cyclotron chamber by stripping the molecular ions on a thin graphite foil installed at the
maximum radius orbit. A RF ion source produced the DT* beam for the axial injection line of the
cyclotron. An automated system was created for feedlng the DT gas into the source. The
molecules of hydrogen isotopes were delivered to the ion source with the preset ratios of their
flows and concentrations. The isotopes of hydrogen, including tritium, were stored in 2*U in
chemically bound states. Diffusion through the heated nickel capillary walls was employed to
provide for ﬁne tuning of gas flows in the ion source. The allowed flow regulation was within the
limits of 5- 10°-5 cm*/h. The feeding system implemented the remote control of such processes as
(1) the conversion of hydrogen isotopes from the bound state into gas phase, (2) the adjustment
and mamtenance of the gas flows coming to the ion source, (3) the graphical and digital
representatlon of the controlled processes, (4) the experiment logging.

Two channels of gas feeding worked in the experiments. One channel tuned the flow of a
deuterium-tritium gas mixture, containing 1% of tritium, coming to the ion source. The main flow
coming into the source through the second feeding channel was the deuterium gas. The value of
this flow was tuned for a normal maintenance of the source plasma -The deuterium and-
deuterium-tritium flows amounted to 1.7 and 0.06-0.10 cm’/h, respectively. As a result, the main

components of the ion current coming out from the source were the D;; D; and D* ions with

typical currents of 30, 10 and 6 p A, respectively. The total current of the D7* and D,H™ ions

was about 100 nA. At long-time operation, a 10-nA current was obtained for a 58 2-MeV triton
beam extracted from the cyclotron by stripping on a thin graphite foil.
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.. THE SET UP ON MAGNETIC SPECTROMETER Q3D _MULTI AT THE U-400M

R.A. Astabatyan R L Kavalov E R. Markaryan
Yu.E. Pemonzhkewch2 Yu.G. Sobolev AV, lehomlrov2
1 Yerevan Physical Institute, Yerevan, Armenia
2 Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia

The set-up is intended for experiments on studying ‘elastic and inelastic scattering to carry
out inclusive measurements as well as to dlstmgmsh the correlated reactlon products and measure
the angle between them. :

For this purpose magnetic spectrometer Q3D [1] with combination of the detectmg elements

of MULTI set-up [2] are used. The essential characteristics of Q3D are the following: maximal
magnetic rigidity is 3,2 Tm; solid angle is 3.0 msr; momentum acceptance-7 %; angle of deflection
is 91.6°. Apart from the magnetlc spectrometer Q3D the detecting system w1ll be mcluded three
main parts:_ :
1. The multiwire proportlonal chambers (MWPCs) for the 1nc1dent beam mstalled on' the
focal plane of the beam channel and just before the physical target. This part of detecting system is
intended in order to correct magnetic rigidity Bp [3], to form a narrow beam onto the target, to
generally monitor the beam. Time-of-flight measurements are also intended in order to carry out
spectroscopy of incident beam. The counting ability of this system is ~5 10° 1/s per wire.

2. For trajectory reconstruction and identification of the reaction particles and the total
energy determination the MWPCs and AE-chambers are used. They are placed at the focal plane and
just behind of the focal plane of the magnetlc spectrometer Q3D. Angular resolution is determined
by cell (X,Y) dimensions (1 x 1), (2 x 2) mm? and chambers geometry. Time-of flight measurement
by using of ”fast OR” MWPCs signal is also intended.

3. Correlation measurements are also of interest for studying the structure of exotic nuclei
and in some other experiments. In this case, the third part of detectors will be placed outside of
magnetic spectrometer at some angle with the beam axis. This part is consisted of coordinate
MWPCs, AE ionization detector and total absorption Csl-hodoscope for trajectory reconstruction,
identification and measure the total energy of correlated particles.

Using the presented set-up enables to carry out elastic and inelastic scattering measurements
in wide angular range including the forward and backward direction [4].

References
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Pulse height defect of #Ca ions in ion-implanted *
silicon detector

YK ushniruk V.F’.‘, b)Bia’lk(’)w‘sky~E., Bpenionzhkevich Yu.E., YSkwirczynska I.,
¥Sobolev Yu.G., Ugryumov V.Yu.

a) Joint Institute for Nuclear Research, Dubna, Russia
% H.Newodniczanski Institute of Nuclear Physics, Krakow, Poland

The pulse height defect (PHD) of “Ca ions in ion- implanted silicon detector has been:
studied in the energy range-from 110 to 223 MeV. The energy dependences of the total PHD, -
of the recombination component of PHD and of the relative recombination energy losses were -
obtained. Furthermore, the dependences of measured ion energies and of PHD on the electric
field intensity were obtained. The results are discussed on the basis of recombination model
taking into account the spreading of nonequilibrium current carriers by ambipolar diffusion -

“during the plasma time, . SIEEER Gl hpeeTeowED T ; . .

The investigation has been performed at the Flerov Laboratory of NuclearReactions, JINR. -
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Reaction Dynamics w1th ‘Radioactive Beams and the Equation of State of
Asymmetnc Nuclear Matter

Massimo Di Toro

Laboratori Nazionali del Sud INFN, Via S. Sofia 44, 1-95123 Catania, Italy and Diparti-
mento di Fisica e Astronomia, Universita’ di Catania.

Our present knowledge of the isovector part of the nuclear effective interaction, with the
related isospin dependent transport effects in Heavy Ion Collisions, is analysed. The
discussion will be based on non-relativistic and relativistic mean field theories.

A selection of Observables from reaction dynamics with charge asymmetric ions, from low
to relativistic energies is ﬁnally presented that we expect particularly sensitive to the
isovector channel, i.e. to the symmetry energy and its“fine structure”:

1) Isospin Distillation in Multlfragmentatlon new 1nstab111t1es in dilute asymmetrlc mat-
ter.«

ii) Isospin Diffusion in sem1central colllslons at the Fermi energles
111) Isospln content of Neck-Fragmerits. Isoscahng
iv) Testlng the Lorentz structure of the symmetry term: Isdspln in collectlve ﬁows
v) Isospin Transparency for central c0111s1ons at relat1v1st1c energies. '
vi) Isospin in particle productlon nucleon effective mass splitting and threshold effects
vii) Early transition to a deconﬁned phase at high isospin density.
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~Search for exotic fission modes

W.H.Trzaska, S.Iamaletdinov, V.Lyapin and Yu Pyatkov
(for HENDES collaboration)

- University of Jyviskyld, Dept. of Physics-. ,
FIN-40014 Jyvdskyld, Finland
E-mail: trzaska@phys.jyu.fi

Modem expenmental technlques allow for a new approach to some of the “
unanswered fundamental questions of nuclear phys1cs For instance, the search for the
true ternary fission in whlch the nucleus would decay into 3 fragments of comparable'
mass. Such decays were observed from exclted nuclei but never at low excitations or
in spontaneous fission. The first results’ obtained recently at Dubna with FOBOS
spectrometer were highly encouraging. Among the 2 million of 2*Cf (sf) events there
were about 20 with anomalous properties consistent with the hypothesis of collinear
cluster tripartion (CCT). These events suggested a new decay mode. producing 3
heavy fragments with masses in the 68 — 85 range, two of which were accelerated to
the energles comparable to normal, blnary fragrnents while the third was assumed to -
remain nearly at rest in the center of mass system. Additional credibility for this
exotic hypothesis came from the fact' that the suspected CCT events were visibly -
correlated. The masses: of the 2. reglstered fragments: belonging to the 20 suspected
CCT events formed a clear rectangle in the mass-mass plot. The sides of the rectangle
were around masses 68 and 85 in otherwise ‘background- free area. In the talk the
results from the follow up experiment will be presented. It was designed to verify the
- .existence of CCT .in 252Cf(sf) at the level of about 10 per million as suggested by
FOBOS data. In particular, the aim was. to, exclude the p0551b111ty of fragment
scattering (and loosing energy) on the wire gr1ds of the’ gas detectors. Instead of gas
detectors 4 micro channel plate detectors (MCP) and 2 PIN diodes with time pick-off
were used replacing the standard 2 x TOF + 2 x Energy detection scheme with 6 x
Time + 2 x Energy.. With so many extra parameters additional ‘crosschecks for data
consistency were made possible. If scattering on the detector grid were the source of
the CCT events at FOBOS, the Jyviskyld experiment will be able to show it. If on the
other hand the effect will persist it will be the needed independent confirmation of the
new decay mode that will force us to change our understanding of fission process.
The experiment is still running (March 2004) but it has already collected 0.7 million
events — sufficient to provide a clear answer either for or agalnst CCT. The final
results are expected in time for EXON 2004

.
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. .Complex Nuclear-Structure Phenomena Revealed -
‘from the Nuclide Production in Fragmentation Reactions

M_V. Ricciardi®, A. V. Ignatyuk®, 4. Keli¢®, P. Napolitani®®, F. Rejmund®,
K.-H. Schmidt®, O. Yordanov®

(a) GSI, Planckstr. 1, 64291, Darmstadt, Germany
(b) IPPE, Bondarenko Squ. 1, 249020, Obninsk, Russia
(c) IPN, 91406, Orsay, France

A pronounced nuclear-structure phenomenon is observed in the experimental
production cross-section for the reactions ***U + 'H and ?*U + Ti at 1 4 GeV. The
experiments were performed at the Fragment Separator (FRS), GSI, Darmstadt,
Germany. The cross sections of fragmentation residues, fully identified in mass and
“atomic number, and cinematically separated to exclude fission events, are modulated
by a complex and very strong even-odd structure (see figure). It partly amounts to a
“magnitude of 50 %, which is comparable to even-odd effects found in low-energy
fission.

LY

The origin of this effect was explained on the basis of the statistical model .of
nuclear reaction. The observed structure was reproduced to a high degree by carefully
considering the appropriate nuclear-structure éffects in binding energies and level
densities. Still some interesting deviations for multiples of alpha particles (even-even
N—Z nuclei) remain as‘a possible signature for alpha clustering.

' Besides the information on nuclear-structure itself, these data are also highly
relevant for astrophysical questlon on the production of specific light nuclides in the
universe. ,

. This work was recently published in Nucl. Phys. A 733 (2004) 299 318 / arXiv
nucl-ex/ 0312002.

Even-mass nuclei Odd-mass nuclei
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© N=Z+5

cross section / mb

Experimental fragmentation cross-sections for the products of 28U, impinging ona
titanium target at 1 GeV per nucleon. The experiment was performed at the FRS at
GSI, Darmstadt, Germany. The data reveal a complex structural phenomenon.
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Proton halos in light proton-rich nuclei and elastic electron
o scattering |

1,2, .and Zaijun Wang!

Zhongzhou Ren
!Department of Physics, Nanjing University, Nanjing 210008, China
2Center of Theoretical Nuclear Physics, “

National Laboratory of Heavy-Ion Accelerator at Lanzhou, Lanzhou 730000 China

Abstract

Reeent experiments show that there are proton halos in'exotic light proton-rich nuclei. We
investigate the effect of proton halos on the cross sectlons and form factors of elastic electron
scattering from the exotic proton-rlch nucle1 285 and 120. W1th the charge dens1ty dlstrlbutlons
from the self-consistent relativistic mean field model we calculate cross sections and form factors
of the elastic electron:scattering in the plane wave Born approximation where the main effect of
the Coulomb_ distortions (distorted wave Born-approximation) has been incor’porate‘dv in numerical
calculations. The numerical results are compared with the ‘available data of the stable nuclei 328
and 160. The results show that the form factors and cross sections of elastic electron seattering
at intermediate-momentum transfers are very sensitfve to. the alterations of the charge density
distributions of the last protons in exotic nuclei 288 and 120. This is an interesting combination of
‘the reliable relativistic mean-field model with the model of electron-nucleus scattering and it can
be useful for future experiments. ” k

Keywords: Proton halos; Relativistic mean field model; Elastic electron scattering; Cross

section; Form factor.

PACS numbers: 21.10.Ft, 27.30.+t, 13.40.Gp, 13.60.Fz

*Electronic address: zren@nju.edu.cn;zren99@yahoo. com.
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“Subbarrier fusion processes with weakly-bound nuclei: the role of the break-
up channel and the effect of the continuum-continuum coupling

CH Jl.)esso] énd A. »Vvittlylrizy |

: Departamento de Flslca Atdmica, Molecular y Nuclear, Sevilla, Spam
? Dipartimento di Fisica *'G. Gahlel" and INFN Padova Italy

Large attention has been devoted to the problem of subbarner fus1on processes involving
very neutron rich, weakly-bound nuclei. - Besides the purely s static effects ansmg from the
progressive ‘lowering of the effective helght of the potential barrier ‘dué to the neutron
excess, -one -also expects. others -of a dynamical. .nature, :associated  with: the
multldlmenswnal character of the problem In partlcular one expects large effects from

This is an interesting topic because there has existed for quite a while some dlsagreement
insofar as whether it enhances or de-enhances the observable fusion cross sections.
~Discussions have in pa.rtlcularly focused'on the:importance of including. = continuum-
continuum coup11ngs in the formalisms used to investigate theoretically these processes.
In fact, while microscopic calculations for the bound-continuum inelastic formfactors
lead to the conclusion that the nuclear excitation mechanism plays a role comparable to
that of the Coulomb excitation, calculations that 1ncorporated the continuum-continuum
couplings’ showed a tendency to reduce (or -evencancel)ithe- effect- of the nuclear
excitation mechanism ),

In this contribution we will discuss the role of continuum-continuum coupling in the
barrier penetration problem within a schematic model involving a reduced number of
“‘continuum’’ channels. - The model retains the important features of the problem,
avoiding in the same time the large complex1ty of current coupled discretized continuum
channel (CDCC) calculations. We will in particular discuss whether the discretization
prescriptions to handle the continuum may be appropriate when extended to truly
unbounded integrands.

1. For a review, cf. J. Al-Khalili and F. Nunes, J. Phys. G: Nucl. Part. Phys. 29 (2003)
R89-R132
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. - Level density effect in fusion reaction

Ajay Kumar?, A. Kuma.r1 G. Smgh1 Hardev Smgh1 B.K. Yogl ,RP Smgh2 Rakesh Kumar ,
K.S. Golda?, S.K. Datta? and LM. Gov111 - |
1 Department of Physics, Panjab University, Chandigdrh"—‘lb‘b(ﬁ)ll,l Indifd

2 Nuclear Science Centre, New Delhi-110067, India

Residues from fus1on reactlons (lzC+46T1) and (31P+27A1) at dlfferent energies were 1dent1—
ﬁed by the1r charactenstlc ~ rays. Coincident neutron energy spectra were measured at four
angles for trans1tlons 1n 53Fe and 5600 The measured energy spectra of evaporated neutrons
were compared to stat1st1cal model calculatlons In case of symmetnc system(31P+27Al) it
was found that a constant excitation energy 1ndependent level dens1ty parameter is not able
to reproduce these Spectra and found that the results in thls case requ1re an exc1tatlon en-
ergy dependent level dens1ty parameter, ‘while in case of asymmetnc system (120+46T1)the
neutron spectra is- well defined by the statlstlcal model calculatlon w1thout any change in

level density parameter.
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. “ABNORMAL NUCLEAR DISPERSION” IN HEAVY-ION SCATTERING:
| MANIFESTATION OF EXOTIC NUCLEAR EXCITATION?

A.S.Demyanova', Yu.A.Glukhov', S.A.Goncharov?, A.A Ogloblin', W.H. Trzaska®

At the analysis of the ra1nbow elastic" scattenng of some light heavy ions: (6L1 + 12¢,
2c 4+ 12¢, 190 + IZC) [1] unusual behavior of the energy dependence of volume integrals, the basic
values describing absorbing and refractive abilities of nucleus-nucleus potentials; was observed The
-volume integrals from the imaginary ‘part of potent1a1 Jw exhibit a weak  wide maximum-at the

energies 15 - 20 MeV/nucleon. Its position correlates with a non-monotonous course of the energy
dependence of the volume integrals from the real part of potent1a1 Jv, wh1ch is well reproduced by
the dispersion relation. Such behav1or of Jw and Jvi is ‘similar to ‘optical abnormal d1spers1on (sharp
change of the refraction index at the presence “of an absorptlon line). In nuclear physics similar
correlation between Jw and Jy was observed closely to the Coulomb barrier (threshold anomaly)

Jw s ‘maxima become cons1derably more pronounced if one cons1ders their dependence not
from the. energy but from the relative veloc1ty of the coll1d1ng nuclei. The values of Jw’s. for the I2c

+12C and '°0 + *C systems are very close at the identical veloc1t1es The very | fact of the presence
of the resonance veloc1ty dependence denotes to afﬁmty of the' 1nteractlon time to a certain
characteristic period of internuclear movement.. The only known type. of - nuclear excitations
adequate to the specified condition, are giant resonances. However, the s1mple explanatlon does not
pass, since, the excitation of giant d1pole resonances is forbidden due to the- 1sosp1n .conservation,
and besides, the effect is absent in the'°0 + %0 scattering [2]. , o :

Thus, for some . projectile-target. combinations: there exist - some. addltlonal resonant

absorption at 15 - 20 MaB*A, which physical nature is not clear. The observation of the-effect in
rainbow scattenng, i.e." under conditions of strong mutual ‘penetration of:the colliding nuclei,
provides some- argumentsin favor of the assumption that it can be connected-with nuclear matter
compression ‘in zone' of interaction. ‘Some ‘hypotheses: (collective movement..of alpha particles,
possible man1festat1on of 1soscalar g1ant d1pole resonance) and poss1b1e ways of expenmental
testing are d1scussed ‘

1. AA. Oglobhn et a1 Yadernaya Fizika, 66 (2003) 1523
'2.Dao T.Khoa et al., Nucl Phys. A672 (2000) 387
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Statical and statistical properties of heated rotating nuclei in'the
temperature-dependent. ﬁnlte-range model
E.G. Ryabov and G.D. Adeev
Department of Theoretical Physics, Omsk State University, Omsk, Russia

There exists three approaches to the problem of calculation of the various properties

of the atomic nucleus: microscopic (Hartrey-Fock method), Strutinsky macro-microscopic

. method and macroscopic one. Certainly, the straight and general microscopic way should
- lead to good agreement, quantitatively and ‘qualitatively, with experimental data. But
this. method is hard enough:to implement in extensive calculatlons and it still requires

some kind of approxxmatron to real physical prcture As the temperature and angular \ :
_ momentum of the nucleus increases - - the microscopic effects role gets smaller. Therefore, o

consrdenng a hot rotatmg nucleus, we can use a macroscoplc hquld drop approach ‘whose
results are practlcally identical to microscopic ones at temperatures T >1.5—2MeV. But

there exists some uncertainty, because vastly and rather successfully employed in theoret-

ical calculations finite-range hquld-drop model (LDM) (1] doesn’t take into account for
‘ temperature dependence of its parameters ‘This restricts us to assume all nuclear prop--
" erties within this model to be temperature 1ndependent A few years ago the finite-range
LDM based on the Yukawa-plus-exponential potential [2] has been generalized by Krappe -
'[3] to describe temperature dependence of nuclear free energy. This generalization also
allows us to calculate level density parameter a within the same model The 1mportance
: of such consistency was already shown in‘our previous work [4]. , g

~In the present work the generalized finite-range LDM was apphed to calculate vari- -
ous statical and statistical properties of the hot rotating nuclei (e.g. barrier. height By -
and critical angular momenta L, saddle configuration, ratio as/a, — level densities at
barrier and in ground state, effective moment of inertia J.s¢ and Z2/A,,,, parameter, stiff-
‘ness to mass-asymmetric deformations and Businaro-Galone: (BG) point position). The
- concurrent influence of temperature and angular momentum on these characteristics has
‘been investigated. The results manifest much more importance of rotating excitation of.
nucleus. in most of cases, but none of the competing factors can be. neglected. For ex-
ample, we found that Z2/A ., parameter changes from 44.5 to 40.5 and BG point moves
towards lighter nuclei from Z%/A = 21 to Z2?/A = 20, as temperature ranges from T = 0
to T = 4MeV and angular momentum sets to zero. To see the difference in magnitudes
of the influence one should consider the following: BG point moves from above mentioned
Z2/A =21 at L = Ok to Z2/A = 15 at L = 60K, when temperature remains unchanged
at zero. ‘

References .

[1] Sierk A. J., Phys. Rev. C33, 2039 (1986).
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TIME-DEPENDENT QUANTUM ANALYSIS OF NEUTRON TRANSFER"
IN HEAVY ION F USION REACTIONS '

V V. Samann and VL Zagrebaev

Neutron degrees of freedom should play an important role in near-barrier fusion reactions of
heavy ions. However, we are still far from good understanding of the subject. Moreover, there is no
consensus on the extend to which the intermediate neutron transfer is important in fusion reactions.
In Fig. 1 experimental cross sections are shown for the “*Ca+*°Zr and “°Ca+°%Zr fusion reactions [1]
(open and filled circles) along with theoretical analysis of them performed with and without
vibration excitations of the nuclei (dashed and dotted curves) [2]. The solid curve shows the effect
of intermediate neutron transfer with positive Q-values obtained within the semi-empirical model of

“sequential fusion” proposed in [2]
To clanfy more a role of neutron degrees of freedom
in heavy ion fusion reactions we developed a new
approach based on solution of time dependent
Schrodinger equation for the three body quantum
system: . two nuclear cores and a valence neutron. In
the simplest case of head-on collision we need to
solve a two-dimensional time dependent quantum
problem. The barrier penetration probabilities
calculated within this model for the *°Ca+**Zr fusion
reaction are shown in Fig. 2. They qualitatively agree
with experiment. The curve with the filled circles in
this figure corresponds to the neutron intermediate
: transfer from 2d5/2 single particle state of **Zr to
100F = 1£7/2 state of **™Ca, whereas the curve with open
circles shows a role of neutron transfer from 1g9/2
! state in 96Zr into 1f7/2 state of calcium. The dashed
/ 40Cq . 97¢ curve shows the one-dimensional penetration
£ probability calculated without neutron degrees of
/ freedom. The density of valence neutron distribution

102 £ 40Ca+962r

fusion cross section (mb’)
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10-3¢ / I‘I’(x, y,t)[2 and the topographical landscape of two-
104 I Eem (MeV) dimensional potential energy surface U(x,y) are
B-10 Blglg 2 B 843 shown in Fig.3 for a definite time moment of the

OCa+’®Zr collision. Here xis the distance between
TTT T 0 ] nuclei and y is the neutron coordinate on the axis
A g passing through the two nuclei. The neutron transfer
from 2d5/2 state of *°Zr (region A) into the 17/2 state
of calcium (region B) is shown. : '

Neutron neck formation, polarization potential,
and three dimensional neutron motion were also
analyzed within the model along with a role played
by the Q-value of intermediate neutron transfer
(positive, zero, and negative).

1. H. Timmers et al., Nucl.Phys. A633, 421 (1998).
Fig. 3 2. V.I. Zagrebaev, Phys. Rew C 67, 061601(R)
’ (2003).
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- Energy relaxatlon condltlon in heavy ion reactions

D.V. Vanin?, P. N. Nadtochy2) A V. Karpov2) and G. D. Adeev?
1) Flerov Laboratory of Nuclear Reactwns, Joint Instztute for Nuclear Research, Dubna, Russia

2)Department of Theoretzcal Physzcs,“ Omsk State- Unzversztyz Omsk, Russza

The theoretlcal approach based. on three—dlmensmnal Langevm equatlons was applied to
describe the. dynamics of fusion-fission reactions w1th heavy ions. There were 1nvest1gated some
conditions for relaxation of initial collision kmetlc energy. One of the condltlon is the separatmg
fission events by rotation of di-nuclei system. For. experlmentahsts it is rather difficult to
separate ”pure” fission (fission of compound nucleus) from quasi-fission if the combmed system
has rotated more than one cycle. We tried to simulate .fusion-fission process and cut off the
quasi-fission events. The obtained results are discussed.
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ON THE FORMATION MECHANISM OF FORWARD-ANGLE PRODUCTS
IN THE REACTIONS 180(35 MeV/u) + mTa(gBe)

V.P. Aleshln A G Artukh and Yu M. Sereda’

Instztute for Nuclear Research, Kiev, Ukraine,

2Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, 141980, Dubna, Russia

In order to study the production mechanisms of exotic nuclei in the Fermi-energy
domain, the forward-angle (0°-2.5") yields of 2 < Z <11 isotopes produced in the reactions
’80(35 MeV/u) + 181Ta(°Be) were measured in[l 2] using the in-flight separator COMBAS[3] in
a spectrometry mode The velocity, isotopic, and element d1str1butrons were obtained. The most
striking feature of the veloc1ty spectra 012 M0 ) w1th 6 < Z+N < 18, 1s that all they have a
maximum at the projectile veloc1ty V=V, which broadens ‘with i 1ncreasmg number of removed
nucleons. For eJectlles close to %0 and for neutron drrp line 1sotopes the veloc1ty spectra are
| approx1mately symmetrrc with respect to V— Vp, while for Z=N and for proton-rrch products the
low velocity part (V<Vp) of the spectra is much broader than the h1gh-veloc1ty one ( V>Vp) |

These propertles of 012 N)(V 0 ) suggest an 1dea that zero- angle products hghter than
projectile, emerge in multl-nucleon removals from 18O To verrfy thls hypothesrs, we de51gned a
computer code MNR+FD whose ﬁrst part (MNR) s1mu1ates the removal of nucleons from s-, p-,
d-shells of 18O whlle the second one (FD) deals wrthm the Ferm1 s statrstlcal model[4] with the
d1s1ntegrat10n of those primary products wh1ch have got the s- and/or p-holes in their ground-
| state shell-model conﬁguratrons The nucleon removal probab111t1es are ca1culated in the
framework of the sem1c1ass1cal procedure[5 6] in wh1ch the rate of removal per unit time is
1dent1ﬁed with 2|W)/h, where W is the 1mag1nary part of the nucleon-target opt1cal potent1a1
Desprte its srmphcrty, the MNR+FD code reasonably reproduces experrmental Zero- angle_’
velocity distributions in the reactlons of study as well as the relat1ve y1elds of zero-angle

products, including those near the neutron drrp line.
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REFRAKTIVE BEHAVIOUR OF 16o+1“c SCATTERING

A.C Demvanova G. Bohlen Yu.A. Glukhov S. A Goncharov A. Izadpanah3 V A.Macnos*,
A.A.Ogloblin’, Yu.E. Penion’zhkev1ch4 M.V. Rozhkov Yu.G. Sobolev W.Trzaska®, G.P.Tjorin®, S.
V.Khlebnikov®, W. fon Oertzen®

" FSF RRC "Kurchatov mstttute ", Moscow Russia .
? Hahn - Meitner Institute, Berlin, Germany
i SINF Moscow State University, Moscow, Russia
Y JINR, Dubna, Moscow region, Russia
g University of Jyvaskyla, Jyvaskyla, Finland )
' V.G.Khlopin Radium institute, S. -Petersburg, Russia -

Study of the 180 + 12C elastic scattering demonstrated serious advantages of asymmetrical
combinations of colliding nucle1 for research of ralnbow processes comparatively to symmetric
systems 160 + 160 and 12C +12C. We have undertaken mvestigatlon of another asymmetrical system
Po+¢ [1]. The measuréments were taken at the '°0 energy 132 and 281 MeV and the *C energy
334.4 MeV ‘(the latter is equivalent to '°0 ‘energy 382 MeV). Contrary to what was expected, the
scattering carried the refractive character at all three energies, and at.the energy 132 MeV the
typical nuclear rainbow structure wis observed. The 'S0 + “C angular distribution at the energy
281 MeV has b‘een‘earlier measured up to 60° It exhibited only a minor bending closely to the
angle 0= 40° which can be attributed to a secondary rainbow minimum analogously to %0 + 12C.
At the same time the calculations ﬁtted to these data predicted the main rainbow minimum at about
70°, bemg even more intensive than in the case of 0 + '2C. To check this assimption we carried
out new measurements in the large'/ang]es interval at the energy 281 MeV at the Jyvaskyla
Uniyersity cyclotron. The reaction products were measured by kinematical coincidences using
multidetector sy'stem,\what allowed getting sufficient statistics for reasonable time. In addition the
new measurements with magnetic spectrometer have been carried out at the cyclotron of Hahn -
Meitner Institute in Berlin in order to get reliable normalization of the data at the smallest angles.

The results of the experiment showed that clear rainbow structure in %0 + '“C scattering at 281
MeV really takes place. However the main rainbow minimum is located at ~ 57°, instead of 70° as it
was predicted. The observed position of the minimum fits well to the empirical systematization
"angle — inverse energy", obtained for the system 80 + 2C [1). Characteristics of rainbow

scattering of %0 nuclei on the neighbor targets'nC, ¢ and 160 are discussed.

[1]A.A. Oglobhn S.A. Goncharov, Yu. A. Glukhov, A. S Dem yanova M.V. Rozhkov V.P.
Rudakov, W.H. Trzaska. Yad. Fiz., 2003, vol. 66 Ne 8, p.p. 1523-1533.
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Beta decay in medium-heavy nuclei'and its appllcatlon
[EFGRI - to nuclear astrophysics i

- Koji Higashiyama and-Naotaka Yoshinaga . -

‘Department of Physics, Saitama University

The accurate prediction of beta-decay rates requires a detailed knowledge of nuclear

structure properties of both the initial and final nuclear states. Moreover, the beta-decay

Sl ‘rates prov1de us 1mportant 1nformatlon for predrctlng the abundance of nucle1 in neutron

capture reactions by the rapid neutron capture T process m super-nova explosrons
,Therefore it is of great mterest to study the beta- decay rates in terms of a mlcroscoprc ‘

framework, where the neutron and proton degrees of freedom are exp11c1tly taken into 1

' account

The nuclear shell model remains- one of the most fundamental approaches for.a. ..

" microscopic description of nuclear structure. Although its applications to light nuclei
were very successful, the model cannot be applied to medium and heavy nuclei except a -

few nuclei lying near a shell closure. The main diffi iculty is the uncontrollable problem of

d1mens1on explosmn In order to av01d thls problem some kinds ‘of truncatlon schemes

are necessary As such an approach we propose the pa1r-truncated shell model (PTSM) .
;In the 51mplest versron of the model low-lymg states of even~even nucle1 are represented .
: gby collectlve nucleon palrs w1th angular momenta zero (S) and two (D ). For the» “ '

" .. description of odd-mass -and  odd-odd nucle1 the PTSM is extended by including. an

“unpaired neutron and/or proton in addition to- SD - pair states. Studies of the nuclei in the . .

A~130 region were carried out in the context of the PTSM 0, and energy spectra as well -
as electromagnetlc trans1t10ns were successfully descrlbed .
u Recently, we applred the PTSM to the even even and odd-mass nucle1 in the A 100 ,
reglon and our calculation reproduced energy levels and E2 transmon rates very well. |
‘Using this result, we calculate beta-decay rates, and dlSCUSS the 1nternal structure of both .

the initial and final nuclear states. The results of th1s calculatlon will be presented and

discussed in detail in this conference:

' [l] K Hrgashryama N Yoshmaga andKTanabe Phys Rev. C 67 044305 (2003)
Yoshmaga andK ngashryama to be publlshed in Phys Rev.C.
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INTERACTION OF “He — PARTICLES WITH STABLE NUCLEI
AND EFFECTIVE NUCLEON-NUCLEON FORCES

K.A. Kuterbekov', T.X. Zholdybayev', Yu.E. Penionzhkevich?,
 LN. Kukhtina’, A. Muchamedzhan'

Unstitute of Nuclear Physics NNC RK, Almaty, Kazakhstan
2Joint Institute for Nuclear Research, Dubna, Russia

The most popular, method for join analysis of experimental angular
distributions (AD) and total cross sections (TCS) at low and moderate energies is
semlmlcroscoplc foldmg model (SFM) [1]. Smce 4He-partlcle is a core of exotic
nuclei **He, it is toplcal to continue systematic mvestlgatlons at various effective
nucleon-nucleon forces.

In [2] we investigated for the first time energy and mass dependencws of the
parameters SFM at low and moderate energies. At that, as effective forces between
nucleons of the colliding nuclei were used total M3 Y-interaction [3] and nucleon
densities calculated by the method of density functional [4].

In the present work based on SFM there were investigated influences of the

density dependence factor in effective nucleon-nucleon forces (4 force options
considered) on calculation of ADs and TCSs at interaction of “He-particles with
stable nuclei (A = 12 — 208) at a—partlcle energies 21 — 141.5 MeV. Corresponding
experimental AD and TCS data used for model verification are of high quality with
low error both for angular and energy diapason. Therefore, conclusions made in
the performed investigation contain important quantitative information and are
valuable for consequent comparative analysis' of experimental data on interaction
of light exotic nuclei with stable nuclei.

1. OM. Knyazkov, I.LN. Kuchtina, S.A. Fayans, Fiz. Elem. Chastits At. Yadra 30,
870 (1999); O.M. Knyazkov, I.N. Kuchtina, S.A. Fayans, Fiz. Elem. Chastits
At. Yadra 28, 1061 (1997).

2. KA. Kuterbekov, ILN. Kuchtina, TK. Zholdybayev, Yu.E. Penionzhkevich,
Preprint JINR P17-2003-200, Dubna, 2003, p.25. Submitted to Yad.Fiz. -

3. OM. Knyazkov A.A. Kolozhvar, LN. Kuchtma S.A. Fayans, Yad. FlZ V.59,
p.466 (1996).

4. A.V. Smimov, C.V. Tolokonnikov, S.A. Fayans, Yad.Fiz. V48, 1661 (1988);
S.A. Fayans, A.P. Platonov, G. Graw, D. Hofer, Nucl. Phys. A 5§77, 557 (1994);
S.A. Fayans, S.V. Tolokonnikov, E.L. Trykov, D. Zawischa, Phys. Lett. B 338,
1 (1994).
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 ENERGY DEPENDENCE OF TOTAL REACTION CROSS SECTIONS FOR
- “He +%%Si INTERACTION FROM THE COULOMB BARRIER TO 200 MEV

: K.A. Kuterbekov', T.X. Zholdybayev K.B. Basybekov',
" YuE. Penionzhkevich?, IN Kukhtlna Yu.G. Sobolev2 V.Yu. Uglyumov2
L.I. Slusarenko’, V V. Tokarevskii®

lInstltute of Nuclear Physics NNC RK, Almaty, Kazakhstan;
2, omt Institute for Nuclear Research, Dubna, Russia;
3Institute of Nuclear Research, Kiev, Ukraine

There has been performed systematical analys1s of experimental energy
dependence for total reaction cross sections (TCS) in *He+*Si for energy range
from the Coulomb bamer (B. about 6 MeV) up to middle energies (200, MeV).
From literature it is known that the reaction *He+?®Si is the only one with well
measured excitation function TCS (og) in wide energy range.

- TCS experimental data for the range from B, to 101.2 MeV were obtained at
cyclotron facilities U-150M (Institute of Nuclear Physics NNC RK, Kazakhstan)
and K-130 (University of Juvaskyla, Finland) [1]. In [2] there was studied the
dependence or(E,) at 28gi at middle energies (69.6 — 192.4 MeV.) Data on og at 2864
at E, = 96 MeV are presented in [3] along with mass-dependence of TCS.

TCS dependence at low energles is determined by the ratio between the
Coulomb barrier and energy of a *He-particle. When E, increases, the a-particle
wavelength decreases and contribution from nucleon-nucleon interactions becomes
considerable what results in decrease of TCS w1th increase of E,.

Approxxmatlon of the expenmental TCS energy dependence for 881 nuclei
is performed using various parameters [4,5,6]. There were: studied influences of
particular parameter types in- partlcular energy ranges on descnptlon of TCS and
factors stipulating their discrepancies.

Analysis of experimental angular distributions for elastic scattenng of a-
particles and tendencies for change in TCS at the nulceus 2’Si has been performed
in the energy range E, = (14.47-240) MeV within the optical model and
semimicroscopic folding model [7].

1. M. K. Baktybaev et al., Yad. Fiz. 66, No. 9, 1 (2003); V.Yu. Ugryumov et al,,
Preprint JINR E7-2003-193, Dubna, 2003, 9 p. Submitted to "Nucl. Phys."; B.IO.
VrpromoB u ap., Ilpenpunr OVSIHM P15-2003-175, ly6Ha, 2003, 9 c. HanpasneHo B
aypHan 1D,

2. A. Ingemarsson et al., Nucl. Phys A676, 3(2000) A Auce et al., Phys. Rev C50,
871(1994)

3. O.F. Nemets, L.I. Slusarenko, Proceedings of the USSR Academy of Sciences, Phys.

Series, V.54, Ne 11, 2105 (1990).

S. Kox et.al., Phys. Rev. C3S, 1678 (1987).

L.W. Townsend, J.W. Wilson, Phys. Rev. C37, 892 (1988).

Shen Wen-ging et.al., Nucl. Phys. A491,130 (1989).

O.M. Knyazkov, IN Kuchtma, S.A. Fayans, Fiz.Elem.Chastits At. Yadra 30, 870

(1999).
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~'Yield of correlated fragment pairs in the reaction %0 + *®pPb—**Th
obtained in y- y-coincidence method.

AA. Bogachev ‘A.Astier’, LDeloncle’, O.Dorvaux?, M.G. Itkis E.M.Kozulin',
L. Krupal A -G Porquet =

IFLNR, Joint Institute for Nuclear Research, 141980, Dubna, Russia
?[ReS, IN2P3-CNRS/Universite Louis Pasteur de Strasbourg, B.P.28- F-67037 Strasbourg cedex, France
3CSNSM, IN2P3-CNRS/Universite Paris-Sud, 91405 Orsay - Campus, France
*Institute of Physics SASc, 84228 Bratislava, Slovak Republic: :
;

1t is quite well-known that the region of transitional nuclei from At to U offers a territory of
predilection for further explorations of multimodal ﬁss1on phenomena In this range of nuclei, one
can expect dramatic changes in the ﬁss1on properties as the nucleonic composmon and the
excitation energy are varied. The transition from mass-symmetric to mass-asymmetric fission and
accompanying changes in the barrier heights and the transition times from saddle to scission for the
different fission modes will strongly influence observables such as the fission mass, charge and
energy distribution, the fission cross-sections, the angular. distributions, the average. prescission
M;" .and postscission ‘M?P* neutron and y-ray multiplicities <M,>. Experimental data on these

properties will provide critical testing grounds for theories of both the static and dynamical aspects
of the fusron-ﬁssmn process..

To 1nvest1gate the fission process of nuclei °Th, the reaction 0 + 2%®Pb at Elab—85 MeV
bombarding energy was measured. The beam was provided by VIVTRON: accelerator of IReS
(Strasbourg). The y-rays were detected with EUROBALL IV array coupled with the Inner Ball. The
individual identification of each fragment can be achieved fromits y-ray cascades (using the Ge
detectors of EUROBALL) The total y-ray energy and the y-ray mult1p11c1ty ‘obtained from the Inner
Ball, in the selected events, can be ass1gned to particular fragment pairs. The yields. of different
fragment pairs (charge splits Z;/Zy = 44/46, 42/48, '40/50, 38/52, 36/54) have been observed by
detecting ‘the coincidences between prompt X—rays Multiplicity distributions of prompt neutrons
emitted in the five above charge divisions of 25Th and also mass and excitation energy distributions
of primary fragments were extracted. The y-ray multiplicity which. is. extremely. sensitive to
symmetric and asymmetric fission modes could provide the very 1mportant 1nformation on the shape
of the ﬁsswmng nucleus at scission point.
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Spallation reactions Wlth neutron&i‘ich’ nuclei

J. Cugnon
University of Liége, Allée du 6 Aodt 17, Bat.B5, B-4000 Liége 1, Belgium

Spallation reactions have been studied for a long time with proton beams in direct
kinematics. A renewed interest, due to the advent of ADS projects for transmutation of
nuclear wastes, has led to more systematic and more precise measurements. Furthermore,
a real improvement of the theoretical tools has taken place, especially in the frame of the
EU project HINDAS [1]. These efforts have contributed to a more complete understanding
of the spallation processes. In particular, it appeared that one of the best theoretical tools
is provided by the Liége intranuclear cascade model INCL4 coupled to the K.-S. Schimdt
ABLA evaporation-fission model. This approach, which is basically parameter-free, ow-
ing to a “self-consistent” determination of the stopping time, was shown recently to yield
particularly good results for a large set of data for incident energies ranging from 200
MeV to a few GeV’s [2]. These data include total reaction cross-sections, inclusive light
particle production cross-sections, multiplicity distributions and observables whose pre-
diction constitutes crucial tests for the models, such as residue production cross-sections
and recoil distributions. Later on, this approach was shown to be largely succesful in the
description of spallation reactions at lower incident energy, down to a few tens of MeV,
after small changes in the treatment of the Pauli principle [3].

Here, spallation reactions on neutron-rich nuclei will be investigated theoretically
within the same approach. The main issue is to know whether there are qualitative
differences with spallation reactions on ordinary nuclei. In particular, the following ques-
tions will be studied: (i) What is the evolution of the neutron multiplicities with the
target neutron excess? (ii) Does the relative importance of particle average multiplicities
(<n>><p>>»<d>><t> -++) change drastically with this neutron excess?
(117) Is the shape of the residue mass spectra qualitatively modified?

More theoretical issues will also be discussed, such as the distribution of the excitation
energy at the end of the cascade stage, the space-time correlations between the neutrons
emitted in the cascade stage and the pertinence of the evaporation models for neutron-rich
residues. ‘ o

Finally, calculations will be also presented for observables in reverse kinematics, since
such reactions are expected to be experimentally studied in this kinematics. The aim is to
provide with guidelines for optimizing various aspects of exerimental set-ups. Preliminary
results on proton-rich targets will also be shown.

References:

[1] A. Koning et al, HINDAS, A European Nuclear Data Program for Acceleratr-Driven
Systems, Tsukuba Conference, 2002.

[2] A. Boudard, J. Cugnon, S. Leray and C. Volant, Phys. Rev. C 66 (2002) 044615.

[3] J. Cugnon and P. Henrotte, Eur. Phys. J. A16 (2003) 393.
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- COMPETITION BETWEEN FUSION-FISSION AND QUASI-F ISSION
IN THE REACTIONS WITH HEAVY IONS

E.M. Kozulin, A.A. Boghchev, A.Yu.Chizhov, J.M. Itkis, M.G. Itkis, G.N.Kniajeva, N.A. Kondratiev,
L.Krupa, L.V. Pokrovsky, E.V. Prokhorova, R.N.Sagaydak, V.M.Voskressenski

Flerov Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research, Dubna, Russia

A'M. Stefanini, B R. Behera, L. Corradi, E. Fioretto, A. Gadea, A. Latina, S. Szilner A.M. Vinodkumar
INFN - Laboratori Naziolali di Legnaro, Italy
: -+ -M. Trotta,
- INFN — Sezione di Napoli
S. Beghini, G. Montagnoli, F. Scarlassara
INFN and Universita di Padova, Italy

F Haas, N. Rowley
Instutut de Recherches Subatomzques 1N2P3 CNRS/Umverszte Louts Pasteur, Strasbourg France

- WHTrzaska V.Lyapin - ...
Department of Physics, University of Jyvaskyla anlana'

D. Ackennann
Gesellschaft ﬁtr Schwertonenforschung mbH (GSI), Darmstadt, Germany

. E. Vardam :
Dipartimento di Sczenze Fisiche, Universita di Napoli Federtco II INFN, Napolt Italy

The work presents the results of ;th,e study of _characterlstlcs of the fus1on-ﬁs_s_10n and quasi-
fission of heavy nuclei, produced in the reactions with heavy ions. The major part of these
experiments has been performed at the U-400 accelerator of the Flerov Laboratory of Nuclear -
Reactions (JINR, Dubna); at the TANDEM-ALPI accelerator of the LNL (INFN, Legnaro, Italy)
and at the Accelerator Laboratory of University of Jyviskyld (JYFL, Finland) using a time-of-
flight spectrometer of fission fragments. CORSET (CORrelation SET-up), gamma and a neutron
detectors. Mass-energy distributions (MED) of the fragment in the reactions with '*C, 1*0, ****Ca
projectile on a wide number of targets (Z =62 — 92) at energies near and below the Coulomb
barrier (i.e. when the influence of the shell effects on the fusion and characteristics of the decay
of the composite system is considerable) have been measured. '**Sm, !9%!70Fr, 186y, 204206:208py,
281 spectrometric layers 120-200 mkg/cm? in thicknesses were used as targets. They were
deposited on a 20-50 mkg/cm .carbon backings. It was found that the quasi-fission dominates as
the reaction products in the reactions with the transuranium elements, whereas in the reaction
with double-magic 2%8pp the contribution of the quasi-fission process into the capture cross-
section does not exceed the value of 3-4%. At the same time in the reactions with rare-earths like
1345m, 188170y, 174176y the yield of quasi-fission increases again and its contribution into the
capture cross-section reaches the value of ~30-40% [1,2,3].

REFERENCES

1. M.G.Itkis et al., In: Proc Inter. Sympos1um on “New Projects and Lmes of Research in
Nuclear Phys1cs” Messina (Italy), October 24-26, 2002, World Scientific Singapore, 2003,
p.197-211.

2. A.Yu.Chizhov et al., Phys. Rev. C67, 011603, (2003).

3. R.N.Sagaidak et al., Phys.Rev.C68, 014603, (2003).
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“The Russian -~ German Co-operation at GSI
an Example of Success and Friendship

Dr. Helmut Zeittr%igef
GSI, Darmstadt - H.Zeittraeger@gsi.de

Between Russia and Germany a long cultural and scientific tradition existists. For
science the correspondence of Peter the Great and Gottfried Wilhelm Leibniz in the
framework of building up the Academy of Sciences in St. Petersburg and several visits of
Peter the Great in western Europe was very important. The co-operation was interrupted by
the breakout of two world wars with big losses in Russia. Thanks to the Russian scientists the
co-operation were refurnished e.g. via neutral platforms like CERN. At GSI a close fruitful
and friendly co-operation with scientists and engineers from Russia had been formed
immediately after GSI's founding in 1969.

In the field of heavy-ion research GSI's interest was very high especially in the
~ production process of superheavy elements in Russian institutes. In the early 1970s the

contacts between Dubna and Darmstadt were strengthened. Prof. Flerov presented the Dubna
programme at Darmstadt. In 1972, at the GSI a translation series,: the so-called 'GSI-
translations', was started to get better access to Russian scientific publications in the field of
heavy-ion and accelerator research and technology. Mid of the 1980s formal agreements
between the governments of the UdSSR and the Federal Republic of Germany were made.
GSI and several Russian institutions were integrated in these contracts and co-operations.

After the changes in the political landscape, in the former UdSSR, new agreements
and contacts became even easier and also former contracts between the JINR and the GDR,
had been transformed and continued. Also in the field of supplying GSI with research
instrumentation like electron coolers, detectors, etc. a new field of cooperation was opened.

TRANSFORM, INTAS, and many other programs have opened up new possibilities to
strengthen the co-operation between Russian and German scientists and engineers. This co-
operation, together with several MOU's on new topics like the development of new types of
magnets etc. will be an important contribution for GSI's Future Project FAIR, Facility for
Antiproton and Ion Research at Darmstadt, enriching the successful co-operation to a density
never achieved before.
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'PUBLIC AWARENESS OF NUCLEAR SCIENCE IN ' EUROPE

A.KUGLER
FOR BOARD OF NUCLEAR PHYSICS DIVISION OF EUROPEAN PHYSICAL SOCIETY

Nuclear Physics Institute AS CR, Czech Republic, kugler@ujfcas. cz

PANS ongmated from the. idea that it is 1mportant to convey to the general public
. 1mportant 1ssues assoc1ated with Nuclear Sc1ence The assumptxon 1s that an 1nformed pubhc
is better able to come: to sen51b1e Judgements based on knowledge 1nstead of prejudice. . The
1mage of anythlng "nuclear is presently v1ewed in Europe w1th susplclon ma1n1y due to the
" public perception being influenced by sensatxonal negative: media coverage rather than a
balance view across the whole field. If nuclear science is to have a healthy future, then it is
important that we. initiate activities that can start to bring about a more balanced view.
This is the‘ basic 'rémit of PANS It 'is a'n" actiVity that Was started several years‘ago by
two bodies, wh1ch represent Nuclear Physws community in Europe ie. by the NPB of EPS
” and NuPECC of ESF In the framework of PANS prOJects 11ke BOOK and EXHIBITION
were successfully carrled out currently .running is NUPEX prOJect a1m1ng for ‘Web-based

education, others are still in preparation, like CD-ROM PANS-WEB etc.
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~ Charged Hadrons and Leptons identification at HADES -~ -

A.KUGLER
FOR HADES COLLABORATION

Nuclear Physics Institute AS CR, Czech Republic, kugler@ujf-cas.cz

The HADES spectrometer installed at GSI Darmstadt is devoted to the study of the
production of. di-lepton pairs from vector meson decays in relativistic nucleus-nucleus

collisions, as well as proton- and pion-indubed reactions. Extraction of rare lepton pairs

“in high hadron multiplicity events requires an efficient particle identification (PID). In

HADES leptons are identified by a Rich as well as a Shower detector. For all charged

_particles momentum is measured by a tracking system surrounding the toroidal

superconducting magnet, and velocity and energy loss is provided by a TOF detector. -

The particle identification niethod has been developed, allowing efficient identification
of particles, using full experimental information from all %ubdeicétors. The basis of the
method is test of hypothesis, that the reconstructed track can be identified as certain
particle specie. Several measured variables from various subdetectors associated to each
identified track are used to provide a set of probabilities in individual PID algorithms,
which are then merged assuming their statistical independence. For the resulted PID
probability calculation the ’Bayesian approach taking into account the prior abundances

of individual particle types, as well as the known detector response, is implemented.

" The performance of the method — in terms of efficiency and purity - is then evaluated in

detailed simulations. To demonstrate the method performance, single particle spectra of
charged hadrons and leptons from C+C at 2 A GeV will be presented and compared
with results of corresponding simulations. The proton and pion yields and mt and

rapidity distributions will be compared with existing data.
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LASER SPECTROSCOPY OF TRANSURANIUM ELEMENTS

Yu.P. Gangrsky, D.V.,Kariiivanov; K.P. Marinova, B.N. Markov,
Yu.E. Penionzhkevich, S.G. Zemlyanoi

Joint Institute for Nuclear Research, Dubna, Russia

The perspectlves of the study of the transuramum elements nuclear structure
by laser spectroscopy methods are considered. These methods alowes to determme
the number of important nuclear parameters — charge radii, spins, magnetlc dipole
and electric quadrupole moments and to refer about single perticle and collective
properties of nuclei. The most interesting peculiarities of the transuranium nuclei
are the deformed closed shell 152 neutrons and the excited superdeformed states
(spontaneously fissioning 1somers)

The first experimental results i in these reglon of nucle1 are presented charge
radii differences of the Uranium isotopes chain (A = 233 — 238) and the nuclear
multiple moments of the odd nuclei (*°U, #°U, **'Am, **Am). The resonance
fluorescence detéction in parallel atomic beam was used. The smooch dependence
of these values on the neutron number is observed. The comparision of these
nuclear parameters with calculated ones using different models is performed. The
satisfactory “agreement with the droplet model predlctlons is obtained. The
influence of these parameters on the transuranium nuclei stab111ty is considered.
The correlation of charge radii odd-even staggering and increasing of stability for
the odd proton or neutron nuclei is demonstrated. The plans of the forcoming
experiments in region of nuclei near closed shell 152 neutrons are discussed.
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On-line Production of Rb and Cs’isotopes from Uranium Carbide Targets
A.E. Barzakh, D.V. Fedorov,A.M. Ionan, V.S. Ivanov, K.A. Mezilev, F.V. Moroz, S.Yu. Orlov,

V.N. Panteleev, Yu.M. Volkov
188350, Petersburg Nuclear Physics Institute RAS, Lemngrad dzstrzct Russia

A. Andrlghetto G. Lhersonneau L. Stroe, LB Tecchio, X. F Wang
INFN, Laboratori Nationali di Legnaro, Viale dell’ Universita 2, 35020 Legnaro (Padova), Italy

L.Renan, A.Villari
GANIL ( Grand Accelerateur National d’Ions Lourds ) Boulevard Henrz Becquerel BP 55027,
F-14076 Caen Cedex5, France

A series of on-lme mass separation experiments have been perfonned at the IRIS facility to
measure the yield and release of Rb and Cs neutron-rich isotopes produced by fission reaction of
28U. A1GeV proton beam was used to bombard uranium carbide targets with the densities of
11 g/cm and 1.5 g/cm held at temperatures in the range of 2000 — 2230 °C. The release curves
of Rb and Cs long-lived isotopes were measured from both kinds of targets. The overall
production efficiency was determined making use of experimentally measured cross-sections of
that isotope productlon Comparison of the experimental yields of Rb and Cs isotopes with the
calculated ones after corrections for losses due to finite release times suggests that the diffusion
is the dominating process reducing the efficiency for short-lived isotopes. . When' normalized to
the same thickness, a yield enhancement is observed for the high-density rod target. It is
possibly explained by the reactions induced by secondary neutrons. A large odd-even effect with
higher yields of Cs even neutron isotopes has been observed, confirming similar effect obtained
in earlier experiments.
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Changes in the mean square charge radii of neutron deficient europium- -
isotopes measured by the laser ion source resonance ionization spectroscopy

A. E Barzakh, D.V. Fedorov, A.M. Ionan, V.S. Ivanov, F.V. Moroz, K.A. Mezilev,
S.Yu. Orlov, V.N. Panteleev, Yu M. Volkov

188300, Petersburg Nuclear Physics Institute RAS, Gatchina, Leningrad district, Russia
Abstract

The laser ion source has been used for the study of the isotope shifts of neutron
deﬁclent Eu 1sotopes The extension of the reglon of the applicability of the method by
‘using the y- and B- radiation detection is reported. We have measured the isotope shifts of

B71%Eu. To increase the laser ion source

the europium optical line 576.520 nm for
efficiency an axial magnetic field was "appl‘igdi‘. Due to the axial magnetic field application
the produced ions were extracted more efﬁéiently from the ion 'soﬁrce ’cavity. Nearly
twofold rise of europium atom ibnization e'fﬁciency‘ was observed. By ﬁsing of the effect
of opt1ca1 ion bunching the increase of select1v1ty was obtained. The isotope shift data for
139-146y; are in keeplng with the prev1ously measured isotope shifts for these- nuclides. '
The new data for 'Eu and refined data for '**Eu point to the gradual increase: of
deformation for these iso'topes.q Combdrisc)n with the mic'ro‘scopic-macroscopic ’

calculations and calculations in the framework of Hartree-Fock model has-been made. -
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LISE++ development: application to low-energy
. fission of projectiles at relativistic energies . .-

O.B.Tarasov

"2, D.Bazin '

! JYational Superconducting Cyclotron Laboratory, MSU, East Lansing, MI 48824-1321, USA
* Flerov Laboratory of Nuclear Reactions, JINR, 1 41 980, Dubna, Moscow region, Russia

The program LISE++ Y

is intended to calculate the transmission and yields of fragments produced and

collected in a fragment separator at medium-energy and high-energy facilities (fragment- and recoil-
separators with electrostatic and/or magnetic: selections). The projectile fragmentation and fusion-
evaporation ?) assumed in this program as the production reaction mechanism allows to simulate ex-

periments at beam energies above the Coulomb barrier. . -

High-energy secondary-beam faci-
lities such as GSI, RIA, and RIBF
prov1de the technical equipment for
a new kind of fission experiment ).
Fission properties of. short-lived nu-.
clei can be investigated in inverse
kinematics. A new. model of fast
analytical calculation of fission

fragment transmission through “a-

fragment separator has been devel-

oped in the: framework of the code-

LISE++. The electromagnetic excita-
tion cross section calculation proce-
dure (see Flgure) is based on work
of C.Bertulani ¥ and LisFus evapora-
tion model®. The calculation of nu-
clide production yields of fissile nu-
clei have been incorporated from
work of J.Benlliure .
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Figure. The differential cross section of electromagnetic excitation in ***U
on a lead target at 920 MeV/u (solid curve). Deexcitation channels for

excited **U nuclei as a function of excitation energy are denoted by let-
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Fulleren-Structure in Superheav1es,
Nuclei containing Antimatter and Cold Compression

Walter Greiner

, Instttut ﬁ;r y heorettsche Phystk
J W Goethe—Umversttat Frankfurt am Main,
Germany

Meson field theory predlcts the center of the first superheavy 1sland at Z—120 N-184
Such nucle1 are semi hollow 1ns1de This suggestes a fulleren - - type structure.

I also d1scuss the poss1b111ty of produclng a new kind of nuclear system by puttmg a few

antibaryons inside ordinary nuclei. The structure of such systems 1s calculated w1th1n the ‘
relativistic mean-field model assuming that the nucleon and ant1nucleon potentlals are related by’

the G-parity transfonnatlon The presence of antinucleons leads to decreas1ng vector potentlal‘ |
and i 1ncreas1ng scalar potential for the nucleons. As a result a strongly bound system of hlgh

ens1ty is formed. Due to the significant reduction of the available phase space the amnhllatlon

probability might be strongly suppressed in such systems.
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¢+ Chaotic Surface = "o ‘
Quadrupole Oscillations of Nuclei

V.P. Berezovoj, Yu.L.Bolotin, V.A. Cherkaskiy

A.IAkhiezer Institute for Theoretical Physics
Academicheskaya Str.1, 61108 Kharkov, Ukraine

Quadrupole surface oscillations of atomic nuclei in liquid drop model represent a
paradigm for quantum chaos [1-3]. Deperiding on parameters of the nucleus corresponding
potential can have one or several local minima (Fig.1 on the left), corresponding to spherical or
deformed shapes of nucleus. In the latter case the mixed case is observed (Fig.1 in the center),
which is general situation for multi-well two-dimensional potentials. We investigate the quantum
manifestations of classical stochasticity in the energy- levels statistics, wave functions structure
(Fig.1 on the right) and wave packets dynamics in the mixed state. Role of the mixed state in the
chaos-assisted tunnelling from superdeformed to normal deformed states.is discussed. -

Fig.1 Level lines of the quadupole oscillations potential, corresponding Poincaré surface of
section and nodal structure of the stationary wave function.
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Study of Atmoespheric Deposition of Heavy Metals Using Active Biomonitoring
‘with Neutron Actlvatlon Analysxs o

Z. Blaszczak, 1. Ciszewska, M. V. Frontasyeva’

Faculty of Physzcs Adam Mzckzewzcz Unzverszty Poznan, Poland
"Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear Research,
Dubna, Russia

The paper reports prellmmary results on the content of heavy metals in the
, atmospherlc air in the city of Poznafi.. Measurements have been made by the method of
actrve bromomtonng with the use of neutron actxvatxon analysxs This method based on the
use of moss, has been successfully applled for a few years at the Frank Laboratory of
‘Neutron Physrcs of the Jomt Instrtute for Nuclear Research, Dubna It is non- destruct1ve
and characterised by high sens1t1v1ty of 1071° kg/kg

Standard samples of 11v1ng moss distributed at different sites in the city were
exposed to the atmosph ':rlc arr at dlfferent altitudes for a few weeks, accumulatmg the
heavy metals from the a1r Analy51s of the gamma radiation from unstable radlolsotopes of
different llfetlmes formed on exposmg the sample to a beam of neutrons from the reactor
IBR-2, perrnltted unamblguous 1dent1ﬁcat10n of the elements accumulated from the air. The
results were: used for analys1s of dlstnbuuon of heavy metals in the Poznan: atmosphere
Maps 1llustratmg the level of a1r pollutlon with heavy metals Cd, Cr, Cu, Hg, Ni, Pb, Zn

were made.”
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