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‘Isomeric Targetsand Beams ' o I

One of the main toplcs of modern- nuclear physxcs lS the mvesuganon of exotlc nuclei mcludmg
4hyper nuclei, transfermlum elements, proton and:neutron rich’ lsotopes near drtp lines as well as ;
hlgh spm excited states and states with anomalous deformatlon "The 1somer1sm of nuclei is closely -
“related -with such’ phenomena as the’ ahgnment of single- partxcle orbitals, the coexxstence of various”
deformatxons and the mamfestatlon of 1ntruder-levels from neighbouring shells. The mvesugauon of -
electromagneuc and nuclear mteractlons ofi isomers could give important | mformatton on-their. shell
structure andits role in the mechamsm of nucIear reactions. Forsuch expertments onecan etther make
lsomerlc targets (sufflcxently Iong -lived) or: use the methods ‘of acceleratton of isomeric nuc1e1

Recently, an exotxc 16* four-quasxparuclelsomer of ml{f 2 was produced ina mxcrowexght quantxty

“and the fll’Sl nuclear reactions on it were successfully observed The talk descrtbes these experxments
“aswell as new ideas for the contmuatton ‘of the studies and some advantageous ways for the 1somertc
' beams productnon by the method of dlrect acceleratxon or by the secondary beam method ;

Preprint of the Joint lnstltut‘e for Nuclear~l§esearch. l_)rubn,a,‘lv9\9k4 : . :



‘During thé last few years there has been takmg place an 1ntens1ve development of radioac- = e

"twe beam facrhtles for' the lnvestlgatlon of nuclear reactlons and propertles of - radloactlve

‘:‘Anuclex by’ m—beam nuclear spectroscoplc methods At the same tlme, the radloactxve targeti a )
'techmque in many cases has certain advantages connected with'a possrblhty to use tradltlonal:\_ SR

‘miethods ‘as ‘well as eatlier built a.ccelerators and expenmental arrays. ..y
"N uclear reactions with high-spin partners are in the focus of attentron of modern physxcs.

Durmg the decades\only 180T3™(9=) and 176Lu(7 ) practrcally stable 1sotopes were avallable 5
as high-spin'targets. ‘Their. level schemes neutron resonance parametel's as well as hlgh spm
levels in. nelghbourmg nucle1 were ‘studied’ [1:6] using these targets Recently, a more exotic -
16+ four quas1part1cle isomer of 1" Hf™2 (Ty /2=31 years) was added to the group of the h:gh—;.r
spin targets [7) ‘and the’ ﬁrst nuclear reactions on it were - successfully observed (8,9]:“The "
‘mterest to nuélear reactlons w:th hlgh spin isomers has been: enhanced by the theoretxcal
‘consideration of the K- -mixing in exclted nucle1 aﬁd a search for an efﬁcrent pumpmg process i

iin “anjactiial ~-laser problem [10].

A w1de mtematronal collaboratxon of research groups from Fra.nce, Gerrnany, USA and;:
Russxa was orgamzed [11] to study electromagnetrc and nuclear mteractrons of the 178Hf"" iso~
mer smce it could grve 1mportant mformatlon on shell structure manrfestatrons in mteractxons bt

out ‘after.the prevxous report [12). The progress in reactlons w1th 178Hf’"2 1somer, some newi' :
= ideas of future experlments as.well as pOSSlbllltleS for the isomeric beam formatlon are alsov,.

descrlbed Well known results from hterature obtamed earher in reactlons w:th 176Lu and : i o
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R R I Creatlon of the me’"2 target
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' Th "‘st’"’ isomer ha.s an excitation energy (E‘ 2.446 MeV) below the yrast lme and

’,,thus is.an yrast- trap with the longest  known lifetime. - Its shell: model conﬁguratlon and

high - value K=16- make it-an intriguing object for stud1es both of the nuclear ‘structure -

* and of nuclear react1ons Methods of the 178Hf’"’ productlon and of target preparatxon are -
'descrlbed here in brief, - : :

For the production of the i isomer 1t is necessary to choose a produclng reaction whlch is”

. optimum with respect to both: the absolute yield and the 1somer1c-to-ground state ratio as
" well as t6 arrange intensive long 1rrad1atlons After a series of experiments on different beams*
- from’ Y-tays upto 12(3 jons we have chosen the produc1ng reactlon 176Yb(*He, 2n)”'8Ht’"z The
“measured cross-section and excitation function of this reactlon are presented in fig.1. The i
e stable 1sotopes AT8LTTITOH S excltatlon functions were calculated using the statistical model
. 'code. S0, the 1somer-to—ground state ratio o, /a'g cotild be determined as-a function of 4He
" ion energy.: The known: values:of ‘o, /ay for the """Ht’"z productlon are presented in ﬁg 2
= and their systema.t1cal dependence from the max1mum angular momentum of a'projectile is -
seen In the case of an a-lnduced react1on the am, / ay value reaches 3- 6%, meanwhlle the T
% cross-section i 1s about 5-9. mbarns in an optlmum energy range near 28~36 MeV. For 36 MeV ..
“““He ions we can estlmate, takmg into account the energy losses, that the l76Yb203 target
. thickness oiabout 90: mg/cm is'the opt1mum one.- i W "f
;s The absolute productlon y1eld of about 3-108 i 1somer1c atoms per secon fwas achleved in-.
'the 1rrad1at10ns On the external beam of the U- 200 cyclotron ‘at FLNR J INR The max1mum
"_intensity of a 36 MeV *Het* beam was restrxcted by. the level of 100 pA due to the target g
‘ ,blnstablllty A spec1al deslgn of the Yb203 target on'a cooled substrate was worked out to -
solve the problem of long exposxtxons to'a powerful beam The eﬂectlve beam time used for SR
" “the product1on of the 178Hfm: isomer in"the course of three years totals to about 2500 h
cd There have been produced more than 1.5: 10" atoms of the isomer, i.e. about 0.5 HE. :
A very . 1mportant questlon is: the purlﬁcatlon of the produced 1somer1c materlal both '
. from 'ballast: activities;and weight contam1natlons by w1dely spread elements A hlgh en-
riched isotope: 176Yb (99,998%) was produced on’ the mass-separator -at Orsay spec1ally to

i eliminate the act1vrt1es of 12 Hf and ]75Hf in the hafnrum fraction. Clean hacking materlals ST
: and chermcally purrﬁed 176sz03 ox1de weré used for the cyclotron target preparatlon

%

: The long-llved activities mduced in the cyclotron target after irradiation due to reactiotis ",

i en’ admlxtures are! l1sted i .table 1. “In" the .chemical’ processlng for the hafnium fraction

. isolation all these act1v1t1es were washed out." It means ‘that’ the chemical methods worked

out [12] specially for hafn1um 1solatlon prov1de a complete pur1ﬁcat1on from ballast act1v1t1es

. and also from-‘many. “weight contammants with dlfferent chemical properties.”;

. Flnally, the prepared 18 fm2 sotirces and targets were deposited onto. Be C Alor quartz s
substrates The purity of the backmgs is also very, lmportant So they were controlled bx
-~ means of neutron’and: proton induced “activation analysis. For example typlcal act1v1t1es =

"‘indiced in a Be foil after: bremsstrahlung (E =23 MeV) irradiation:are:listed in table 2.

'r\'_?"y,Quantxtatlve information” on' impurities was used to choose ‘the purest backmg materlals ‘

~:7. Small diameter (down'to 3 mm), uniform layer deposxtlon on-thin forls Were achieved usmg

* delicate chemical methods such as electrospraymg of hafnium acetate ‘Chemical manlpula-

~ tions with 17‘3Hf""2 activities can lead to the new build-up of contammat1ons because high

: _ pur1ty reagents aré not available in all the cases. The "8Hf™ targets on thin carbon foils g
T were ﬁnally prepared for the stud1es of charged partxcles mduced reactlons and they were 5

g

tvalues, "’
llterature

:Flg 2. lsomerlc to ground state ratlo
qm,/a, as a functron of the incident
particle maximum a.ngular momentum’"
o A Closed crrcles show the measured
opened ones are taken from i

Fig.l. !

~ i the nuclear reactrons ‘75Yb(‘He J:n)

o Excltatlon functlons for the ‘731{ fm2 R

i xsomel‘ (measured) and 17877, nst

stable nuclei (calciilated) produced
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Sl .(J” 25/2 T1/2=25.1 d (7r7/2+ x9/27;19/2%))..One can expect that these states wrll be ,:

“ e

i ‘analyzed usrng the X-ray ﬂuorescence technrque The results are grven in table 3 One can - SRS
see that the first target contains Br, Zr and Pt whrle two ‘other targets; prepared us1ng specral L
measures ‘against contamlnatlons do not’ contarn ‘these elements.. The absolute ' quantrty of ¢ ‘

‘Athe total Hf werght was determmed too and the result was not much drﬂerent from that™ - i

'fpredlcted usmg ﬁgl data el ' : ' : :

II Experlmental studles of nuclear reactmns w1th 178Hf’"2

: T ”8Hf"‘z isomeric. state has a shell model conﬁguratwn (7r7/,‘2+ ’7r9/2"' V7/2 V9/2+) i
‘,,k'.iFortunately, there are SImllar long—lrved enough isomeric, states in’the. nerghbourmg nu-*
. cleds MTHE™ L (J7=37/27, T1/2—51 4 min; (x7/2%,79/27, V5/2' vT/27,v9/2%)) and '79Hf72:

populated wrth a high cross.section in the (v,n) and (n ,’y) reactions on a '8H{™2 target
because of similar shell- model conﬁguratrons of the target ‘and of the resrdue states .
; {In: pr1nc1ple it'is ot a’ very hard task to search for, the’ activities of VTH2 l79Hf'"7 N
,"'.'mduced in-the 178 fm2 target by exposmg it toa'y- or n-rﬁux . The ~-decay propertles of .
: these, three isomers are given in table 4, and one can see many specrﬁc - lrnes with'a lnghv o
R <quantum yreld emrtted at the decay of eaclr isomer.: So, the idea ta study the (7,n) and (nyy).
reactrons on the. exotlc 17811473 isomer by the | actrvatron technxque was formulated as early
as four years ago [14] _These experlments ha»e been reallzed [8 15 16] and the results are g i
*described below. - SR , :
. ,fAnother group of experrments has as tlre main ob_]ectrve the study of reactrons mduced :
by. charged part1cles ona TeHIM; target by*the in-beam?” nuclear spectroscopy methods i
,The (d,d") inélastic. scattenng, (p,t) reaction and the Coulomb ‘excitation by 208Pb ions’ on';

5

178Hf’"2 target were observed successfully 9, 17 18] as descr1bed below 'l'i Dk

2 1 Resonance neutron capture reactlon onal 178Hf"‘2 nucleus : -
X ‘The interest to studyrng the neutron capture reactron[on the i 1somerrc 178Hf”" nucleus is”
,motrvated by a. possrbrhty to, get lnformatron on high-spin. neutron’ resonances and to touch
lyon the questron of spin dependence of the level densrty as well as’to_follow the. - cascades
- and levels feedrng in the deexcitation process ln Dubna experlment on ihe reactor lBR—~ Y
8 8} thérmal cross- sect1on and 1 resonance inte aljvalues were estlmated for the ﬁrst trme for S
L the reactron 178Hf”" (n 'y)m’Hf”" e ‘ L

(50 :t 10) barns '

(800 :t 130) barns

It means that the l78Hf’"’ nucleus has strong teutron resonanccs ini the cV cnergy. rcgron

:r_:The ma_]or populatron of the' m; state in'residue nucleus 179U cani be deduced, otherwisc tllo . i

. total” resonance 1ntegral becomes too ‘high.“This result permits to formulatc an’ cxperrment :
“for measurements of neutron resonance parameters of the 17811 fm1 target : 5

e The estlmatxon of the neutron’ resonance posrtron by the method of selectlvc neutron S

b ﬁlters was performed [19] .in Orsay With using’ithe Saclay " Osiris” reactor for: the. targets B G

activation. When the activated sample is surrounded by the ﬁlter layer the neutron spectlum : o ‘

s modrﬁed in 2 predrctable way. '50,°a strong resonance _energy posrt]on canbe estmlateda o

' because the filter changes ‘the actrvatlon 'yield only in'the case-of a resonance presence at tlre

: posrtron of the ﬁlter absorpt1on band The wB (81% enrrched) Fr203- and llh layers in
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i addltlon to the Cd screen were used. as ﬁlters Total neutron cross—sectlons are glven in ﬁg 3o
S 'for the filter materials and for gold used as a control sample Rhodrum is'a'typical exa.mple -
} ;‘ Tof a. resonance filter since it absorbs neutrons,only in a narrow region near'the resonance:
~energy E, —-1 3eV. The ll’B material is afilter “of another type,. because its total cross- sectlong,_' “
-2 'shows, on the contrary, d uniform decrease at alow ~E-Y2; The boundary energy of strong . .-
L absorption i is dependent in a regula.r way on the ll]B layer thlckness The 8Hf™ samples - ;
“for the neutron 1rrad1atlon ‘weére prepared on pure Al foxl substra.tes About 1012 atoms of
- 178Hf’"2 were placed on each sample T e : - .
-7~ "-For the neutron irradiation” there was used'a pneumotransport channel of the ”Osms LT
PR reactor at, Saclay A- standard size contalner was tra.nsported to'the position near the re- o ’
L actor act1ve zone where the neutron ﬂux reached 2: 101 n/cm s. The construction of the. ("'

carbon backmgs “g;y. “ ‘ ’~ I

Number of X-ray counts™, 10%/s
the target.|{ . Br Zr Pt I
sl 01840 30 0.()33 ‘.

0.09§~ 00188 00018 o

|- 0006 00202 -"0.‘0034”'

B between two Al shells. So, a thermal neytron . ﬁux was damped perfectly whlle resonance R
* neutrons, E..2 0.5 eV, were sllghtly absorbed.. The filter layers were pressed déwn ‘into. a. il
+thin wall (0.5.mm) Al cup.As couple of such filters with 'the sample betweén them were - . .
} placed in the transverse hole of the Al cyllnder which was mserted in an"Al-Cd contamer el
", " Four T8 samples were exposed simultaneously. After: the end of 65- hour exposure: “the . ;
"‘;contalner was dellvered in'a shielded box, where it was shaken out by the man1pulator and
S all elements fell down sepa.rately bemg not fixed in.. B o G
s -The activated targets were taken out and -were studled ona HP Ge "y~spectrometer after G
Ca 3 day cooling.. The enormous background of the 24Na (T1/2—15 h) activity produced in the ~
A'(n a)-reaction on Al foils was decaylng, spectra were cleaned up and the searched’ a.ct1v1ty I
of AT9H ™ was detected successfully in all-'"Hf"2- ‘targets exposed with dlfferent ﬁlters T
" The typical spectrum of the neutron exposed 178Hf"‘2 sample is presented in table 5. All S
* lines of 1™°Hf™" have correct 1nten51ty ratios. The afeas of the '°Hf™ peaks are determined-
with a statistical accuracy. better tha.n 1%.. The number of 1Hf™ and l79Hf"" atoms‘and 7
their ratio N17°™2 /N178m2 were determmed after the processmg of ¥- spectra The statlstlcal Sint
:’"accuracy of. much_ better- thar- 1% was reached due to’ averaglng ‘of the ﬁgures determined
by all’ lines in’ many spectra measured during two.weeks. ‘An eventual i inaccuracy of the Gef'z, N
detector eﬂic1ency (ca.llbrated by absolute sources) do'not 1nﬂuence strongly the final result, .
"N”g'"z/ Nlm"'2 because both of the numbers are deterrmned basrng on the same efﬁc1encyw‘ )
hfyfllIlCthIl However “the'y- quanta yreld per decay is glven in the hterature compllatlon w1th"f
a limited accuracy.and it'is accumula.ted in:the error of the final result. - T k
7. %~ The  activation yleld of the resrdue nucleus Nres /Nt"rf is connected w1th the neutron E
L ﬂuence <I> and the resonance 1ntegra_l value L, by the followrng equa.tlon :

"l) Background subtracted counL *lrate

T

kl \ Nr”/Ntarg = O'g}.(pgh + I CQrcsy

S where cis the spectrum norma_hzmg consta.nt “The ﬁrst term of thls equatlon is neghglblefj*'
' ~due to full absorptron of thermal neutrons when the 1rra.d1a.tlon is done ‘with'a Cd screen. . ..
cE “The actlvatlon yield- measured without any filter (in addltlon to Cd) glves a pOSSIblhty to /s
b :;f,deduce the L, va.lues for the 178Hf"" (n 7)179Hf’"2 reactlon e FI

_,_(1060 :l:60) barns, ke

‘whlch does not dev1ated strongly from the. prevxous estlmatlon [8] The ﬂuence absolutlza- :
t1on is:based on the gold ‘activation yield' measured “Theé tabular: resona.nce integral valie
(1560:|:40) barns for the 198Au y1eld was used For the 179Hf"'2 yleld the sta.nda.rd de—‘ PR

\
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vratlon ‘of the l value mcludes random errors and systematlcal errors of all tabular data L
: used s Rl i o : o .
"The variation of the actlvatlon y1eld as’a functlon of ﬁlter spe(:1es is presented in table 6 fal
. for the Hf and control Au samples The 4x. averaged filter thlckness was calculated taklng,' TR I
= " into-account a 0.5 mm air gap'| between the’ sample and the filter cup, see fig.4." Using that =™ R B
-and the cross- -section functions shown in fig.3 one can- calculate for each ﬂlter the band of .~ =7 1 . ‘
N the flux absorptlon down to'< e? level The absorptlon band intervals are also given in. .7 l e _“) PR
_“table 6. As one can see in table 6 such filters as Er and Rh’ 1nﬂuence sl1ghtly the yield,while* = *v. - i T
"““the 1'JB filter suppresses the y1eld s1gn1ﬁcantly It means that no major fesonances of the : "7 Lot nona
il studled reaction ‘are found at an energy range 0:3-2 eV: The'%B filter damps the !°*Au yleld
-+ a little more drastzcally than the one for. the 179myf" Since the 197Au (n, 7) reaction has a -
single powerful resonance at- E, =4. 91 eV we.can conclude that'in the reactlon ”BHf"" (n,’y);- )
" the centroid’ of the resonance strength is placed near a 6eV. neutron energy. If one assumes”."
A sxngle resonance in the latter reactlon, the result taken w1th the 1'JB filter, will contradxct."" o
“the" one- with the Er ﬁlter which has'a’ resonance just at an’ energy of 5. -9-eV. 56, one can o
" make a conclusion about the presence of at least two resonances at energles of perhaps 4 5( .
and78eVs e Jety s , : G e
This conclusxon is ‘in & good agreement w1th the statxst]cal theory estlmatlons Wh]Ch ’
g1ve ‘the mean 1nterresonance distance of about 4 eV’ for’ the "st"" target So the model
predxct1ons for the spin dependence of the fevel den51ty are conﬁrmed now experlmentally e
= *The second conclusion can’ be’ done:. the ‘high' value of the resonarnce lntegral value for, the
ST ITIp m y1eld 1nd1cates perhaps the preferent1al populatron of the h1gh K lsomer in the resxdue
nucleus when the target nucleus is also a high- Ki 1somer

: 2.2) Test for. the 1"*‘Ht’"z ('y n)”"Hf’"7 reactlon yleld :
Photonuclear reactions with a hlgh spin isomeric nucleus i 1s a real challenge in the study :
Cof g)ant resonances bullt on high: K states’ as well as of the K- mlxrng at high excltatlon [19]
" The'idea of the presence ‘of special K- mixed levels at 'somé excitation energy- (2- 4 MeV)'
f was suggested after the experlmental observation' of ‘the threshold béhaviour of the lsomerz
feedmg in photonuclear reaction as a- functlon of the bremsstrahlung ’ooundary energy o
- Tt was supported {20} after reveallng some short- lived high-K: isomers which are. decaymg Kol
, on the low: Klevels without' any. 51gn1ﬁcant hindrance factor The excitation energy of the”
”8Hf"‘z isomeric state should be. eventually not -far_from. the first T K- mlxed level and ore
“can-expect’ ‘the ‘allowed : depopulatlon of high- K structure in all nuclear reactlons such as
“(1,Y), (7,0); (ti,y) on this isomer. The result taken in"the 1"“I‘lf"" (n 7)179Hf"" reaction’ -
,‘supports rather the stabxllty of the hlgh K. structure So 1t is most mterestmg to study the_
*(7,n)-reaction on VEHfm: nucleus.: - dilink ,
P The "BHf’"’ (7 n)”7l-lf""2 reactxon isa umque case when the reactlon on afour quas1partlcle
‘ - K"—16+ isomeric target- leadlng to another exotic ﬁve—quampartlcle K"-—37/2' isomer could- .~ e
: be detected exper]mentally ‘This'is because the 177Hf™ j isomer (T1/2—51 4 min) has decay .. e
. properties convenient for the observatron by the activation technrque (see table 4):: However :
“the background: “conditions due to bremsstrahlung induced- activation of all “elements were
* rather hard because a low enough absolute level of the 7T fma’ act1v1ty is expected "Be foil .
‘was chosen asa target backlng materlal since 1t is act1vated sl1ghtly by the bremsstrahlung,
the yxel(l of the "Be’ act1v1ty is 'small enough IR L e
TTAL ”8Hf’"’ target “of 3-10'3 atoms on a Bé substrate was prepa.red us1ng preclslon rad1o L
chemlcal methods A lot of care wa.s taken__t_odﬁnd the purest Be f01l as well a.s to purlf o

bremsstmhlung
trop

-5 Scheme of the experlment on: bremsstrahlung — 1nduced actlvatlon of the
2 178Hfm2 target 8 .
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. Fig6:

7-spectrum of the catcher after 24 MeV bremsstrahlung»irradiation 'of the S ’
lnlff"'2 targetv‘._ : [T S e




was exposed.to the

optnmzed to reach’ the maximum sens1t1v1ty, it is shown in ﬁg L

* The actrvated samples were. placed just’ after the 2.5 mm W converter The Ta f011 was EORIcia
. used as a control: sample’ for the absolutrzatron of the standard photbneutron yield - ‘using” T
"“'the reaction. 181 Ta(y,n)!®Ta?, The 18Hf™ target was covered with a Be catcher to collect ™ "

 the 17Hf™2 "atoms recoiled eventually from the thin. target layer. Almost isotropic neutron

N

‘T,catcher o ; i

. After’ the 1rrad1at10n the act1v1t1es of- both the target and the catcher were measured on the b -
o hlgh resolutxon ”Ortec “and ”Canberra” HP. Ge v-detectors as well as on a’Si spectrometer - :
Cof conversron electrons with a ‘magnetic gulde line. The experlmental condition such ‘as the L
. ,t' geometry and'time intervals of the irradiation and measurement were optlmlzed however, S -
. “the searched for- ATTH R, act1v1ty was not manlfestmg itself in"the spectra:- The y- spectrum vyl
"~ of the catcher taken:.15 min’ after”a 100 min'irradiation is ‘shown in- ﬁg 6. The 1ntensrve
E :“hnes should be attr1buted to- the ‘activities listed i in: table 2 which are generated in"the
. reactlons on contaminants in the Be fo1l Only the upper lrm)t of the "Hf™2 activity yleld L g

‘can be estimated by the spectrum shown in fig. 6. ~The act1vated LT8Hf™ target - itself was:

: 178Hf’"2 Jsomer.;: -

- yield of the 78Hf”"2 (7 n)l77Hf’"2 reactron was lrm.lted to about 20% of the 181Ta("/ n)lsOTag'
: reactlon y1eld y § T

(”7H f'"’) /bth"Tag) < 0 2.

Tl’IlS unexpectedly low feedmg probabrllty for the 177Hf""2 lsomerrc state m the evapora:
‘ tion residue of the ('7, n)- reactxon seems to be.a s1gn1ﬁcant result for physical 1nterpretat1on

"about 50% of the total reaction yreld The experlmental result devxatrng from this predlctlon,

““cofinected ‘with the ground state band by enhanced transitions.: Ttis also T ‘necessary.to study
theoretlcally whether ‘the regula.r statistical code i is capable of explarnxng the observed feed-

in the coordlnates of excitation energy E* and | spin'J; no selectxon by the K- quantum number
is assumed. . So this -could be a real conﬁrmatlon of the K-mrxlng if the statlstrcal calculatron

. isomeric targets

o2, 3. Charged partlcles deuced reactrons on the 178Hf’"’ target

performed to study the nuclear propertres of the 18H{™2' isomeric state using the’ m-beam
“nuclear spectroscoprc techmque ‘A hrgh quahty beams of, European accelerators and preci-

e materlal produced “at Dubna “The quantlty of the 1"st”"2 isomer. “was- 2. 1><10“ atoms in

the hafnium ‘fractioti;}om both ballast act1v1t1es and we1ght contammants.- Thrs target o
/ msstra.hlung with maximum energy of 24 MeV 6n the electron beam o
- with an intensity of 15 yA of -the. MT-25 mlcrotron at- Dubna The 1rrad1at10n scheme was

‘emission i in the ('7,n) reactron leads to about 50% efﬁclency of the act1v1ty collectxon by the. s Lo

" also studied, but the sens1t1v1ty'was not better due to a hlgh enough self act1v1ty of the

E5 Finally after a serles s 'of. lrradlatrons andmeasurements usmg '7 a.nd e” spectrometers the :

. Proceeding from the earlier observed [6 8] high probability, of the ™Hf™ (n, 7)17°Hf"2 and
[ 180Ty, 211)178Ta “Teactions; one caii predict for the 177Hf’"’ state the feeding intensity of -
can be 1nterpreted by efﬁcrent trapp1ng of the deexc1tat10n cascade 1ntens1ty on some levels :

ing intensity of '7"Hf™2, Th such’ calculatrons the deexcrtatron cascade is consxdered normal]y. ;

: reproduces the experlmental results on‘1somer1c levels populatlon 1n reactrons wrth hrgh spln,k

In the frameworl( of the 1nternatronal »Hafnium collaboration” a few experrments Wwere - -

;s1on spectrographs created earlier were used’ successfully in these exper1ments [9 17 18] Thew,
“spectra of the 1nelast1cally scattered deuterons “and protons were measured in the Muenchen
‘experlment with the first 178Hf"" target prepared on'a thin c backlng at’ Orsay from’ the

La spot of 5 mm in drameter The Q3D spectrograph of nuclear reactron products on the .
' :"‘kMuenchen Tandem béam has. an"energy resolution of- about 4 keV 1nclud1ng the beam’ res:: o
17" olution {21}, and it determines the qualrty of charged particle, spectroscoplc measurements. .
- As already discussed iri refs. [12 17 122 the excitation of the first level (17+) of the rotational -
band bu1]t on the 16* i 1somer1c state was probably observed in the spectra of the (p,p) and -~
f,(d d’)-reactions.’ Such an attrrbutlon of the peak placed at an excitation energy E*=353 keV
.~ looks rel1able becauseits position and amplltude arein accordance with prellrmnary theoret-",
-ical estimations:’ However the ev1dence strength is ot an absolute one. So it was 1mportant
to confirm the position of the 17+ level by, another method : :
“The Coulomb excitation of the 178Hf™ isomeric target was s studied recently on the 20an
‘ion.beam w1th an energy of 980 MeV and intensity of about 3 electr1cal nA’on the ”Unrlac
o ,accelerator at’ Darmstadta The precision .” Coulex” array was worked out earller for the
I measurement of the absolute’ probablllty of -the:Coulomb excltatron as a functlon ‘of the
" 1mpact parameter in- heavy-ion collisions [18]. It consists of a 47 gas filled posrtlon sensitive
avalanche counter system for. the detection of scattered nucléi and eight HP. Ge v-detectors 7
: sthched on cornc1dences The ~- spectra were processed by a'special computer code in order 1,‘1 :
‘“to introduce the Doppler-shlft correction: Dur1ng a ‘one ‘week run on the ?Pb:beam’the"
spectra taken on'the i isomeric 178} pra. targets as well as on'the targets prepared by the same /-
*._method: from stable enriched hafnium. 1sotopes were recorded: . The spectra of the isomeric -
and': stable 17"Hf targéts are compared in- ﬁg 7. The stable isotopes composrtron of both
V'Qtargets was _qualitatively s1m11ar, and one can see‘that ; .almost all ‘peaks are_observed i in .-
: 1dent1cal posrtrons in both spectra.: 'So; the only ev1dent addltlonal ‘peak-at E.,=354 keV in-"
the spectrum of the i 1somer1c target can be attributed to the 178Hf’"’ nucleus ‘The energy of
* this peak is’just ‘near’ the posmon which was observed earlrer in'the (d,d"). spectrum and it
~ is most probable that an energyof the 17+ < 16* transition in,the rotational band built on
- the i 1someric state is really about 354 keV:The moment of 1nert1a F of thrs rotat1onal band -
: “can be deduced 1mmed1ately usrng the equatlo

3 ?[J(H 1= Jouo i,

where Jo ‘is the sprn value of the baslc level of the band In table 7 the moments of 1nert1a
deduced in-the same . way from the energy posrtxon ‘of ‘the first" leve]s in the K=0. g.s.b. R
S (JJT=2%),in the K=8 band (J’r = 9- ) and in the K=16 band (J = 17+) are: compared wil
+:The strong increase of - value is evrdent when decouphng of quaslpartlcles takes" place. o
Th1s result is hot unexpected however, it is- 1nterest1ng for'the’ theoretxcal 1nterpretatxon in
_terms of the superﬂu1d1ty reductron w1th the decoupllng of nucleon “pairs. 'Ihe quantltahve
~ treatmént of :the- absolute counting rate forthe 17+ peak in’ theCoulomb excitation’ and
‘f. (d, d) spectra will lead to the determxnatlon of .the’ B(EZ) value, static quadrupole momcnt
. QO and quadrupole deformation parameter §, for the isomeric. 16+ state 178Hf.
- One can anticipate the observatron of the second level 18+ of the K= 16 band in addltlon i
“to the 17+ level, however. the statrstrcs in’ the spectrum shown i in fig.7:is not” suﬂ"lcxent to v
"‘observe ‘the tranSItlon 18+.— 16* at an energy near 700 keV. The schematical pattern= "<
of the Coulomb excitation’ process’is presented in ﬁg 8.> Taking’ 1nto account the exc1tat10nf
probabrllty, the deexc1tat1on branching and the detector eﬂic1ency varratron otie can estimate -
““that. the peak 1ntens1ty of the 18+ 2316 transition should be about 20 tinles lower than the :
17Jr - 16+ peak:in the spectrum.” The statlstrcs should be increased by about: 10 limes i
; rder to observe the second level of the. I\ 16+ band A lead beam mtensrty 10 tnnes hlgher"




,than the one used was avarlable However, 1t was llmlted by the target 1nstab111ty under the’ '_ E
- lead beam.  During the run described the target was Covered by additional carbon foils for :
“the mechanxcal fixation.’ It d1sturbs the Doppler-shlft correctlon processing"and ‘one can see
4 rin the. spectra that line w1dths are mcreasmg with energy E,. So there are plans to contiriue *
© the Coulomb exc1tatlon experlment in better condltlons, eventua.lly usmg the ”Eurogam

EREININ

;

facrllty BN R : R
Another experlment was performed in the frame of the Hafnlum collaborat1on to test the S
mﬂuence of decoupled neutrons on the prck-up reaction”cross-section. The (p;t)-reaction is. - .
known to be a’probe of pa1r correlation {23). The 178Hf™ target a.llows to measiire the effect -
of blockmg thé aligned quasmeutron orbitals on the neutron pair transfer. The J K"—'16 16t
- “state with'the same configuration as in '®Hf is placed in '"®Hf at.an excitation energy. of
»'\3226 keV. -So the. triton" kinetic energy for the 16T 116+ transition can be ca.lculated
’ exactly “The target “of 1" Hf™2. was ‘exposed .to’a proton beam with ¢ an energy of 19 MeV
of the . Tandem at. Orsay and tr1ton spectra and angular d1str1but10'1 WeTE, measured using
Cea splrte—pole spectrograph wrth a posrtlon—sensrtlve dr1ft cha.mber as ‘2 focal detector The

’at the expected locatlon of 16+ = 16+ transrtlon, no \elements presented in the. ta.rgct
: can_generate this peak ‘The ; angular drstr1butlon of the’ 16+ - 16+ transrtron was well .~
: reproduced by the typlcal shape for L=0 tra.nsrtrons n‘easured for the case of other hafnium [
i 1sotopes However, the. cross—sectron shows strong dev1atron from the mea.sured one for even-
“even, hafnlum 1sotopes ‘As seen in fig.9: the dn'ferentla.l CTOss- -section of the ‘(p,t) reactions’
SRS reduced in.case of odd 1sotopes of Hf as a ‘result of the blockmg by the unparred netutron
S orbltal ‘And for the 178 fma - target the reduction is quadratlcally drast1c So the ev1denc%
‘are obtained for. the first tlme, that decoupled neutrons in the even-even 1sotope 178 f both
play the role of odd partlcles Th1s new result perhaps w1ll be treated by theoretrcrans 3

- ) ol T '—”‘P“’T—‘A e
280 230380 - 330 «do s 4do 580" 5o Tedo Tsdo "7 o 860" “850. 900" 350

"Ey, KeV

7 spectr of the Coulomb exc1tatlon of the 1somer1c 1me"‘2 (a) and enr1ched
5:”7Hf (b) targets taken on the beam of 2(me 1ons w1th an energy of 980 MeV

III Laser spectroscopy of the 178Hf’"2 atom

L An in- beam laser experrment [24] was performed on ‘the ’Parls mass sepa.rator at Orsa
where hafnium atoms with a 40 keV kmetlc energy. were exc1ted by a smgle mode dye laser
", ‘ina contralmear geometry The hafmum tetrachlorrde vapor is ﬁowed from'a heated sa.mple
_into-the ion source chamber, in’ “which itis decomposed and 1onrzed The elemental tons are -
; extracted and; accelerated by a 40 keV potentral and finally' mass- separated The selected
- mass’is dellvered into the collmear array, where ions are neutralrzed in the sodrum vapor of a-
? s charge exchange cell and mteract with a ﬁxed frequency laser beam. . The frequency scannmg
©< was done by the ion beam veloc1ty tunmg in'the’ charge exchange ‘¢ell.” The fludrescence light-
= after: passmg through the filters was detected -by a photomultlplrer "The hyperﬁne splLtmg
and isomer shift were mea.sured for ions with a mass number A=178_ A complete multuplet "
of hyperﬁne structure was detected and it is a relrable ev1dence for the attribution of these’
" atomic levels to the atom of 16+ 1®Hf™2 nuclear state. A powerful peak of the "8Hf ‘ground -
’state was observed too. The frequency spectrum of the resonance ﬁuorescence is presented )
-in ﬁg 10: From these experrmental results after qua.ntltatlve processing “the’ dlpole _magnetic - -
~moment_ur, static quadrupole moment Qo and mean square rad1us change were deduced for o
the ”BHf’"2 nucleus S e e T D :
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o produce the separation of the-178Hf isotope on the mass-separator "Paris” at-Orsay, where . =
4 as hlgh as 25% efﬁcrency ‘has:been ‘achieved recently for the: hafmum separatron /25/ - Also s i

g 178Hf’"’ materxal will determine in future the success ‘of new: experlments Now we would. :
hke to drscuss some new proposals of. experlments whrch are most 1nterest1ng from a physrcal ey

vvlth transrtlon from K=9 to K=1 state was observed in ref 719/ After that the idea about -

h1gh cross-section for the populatlon by brcmsstrahlung 1n (7,7 ). reaction for the level wrth
e E‘—l 544 MeV and T1/2—78 ns:
- fig.” ll
‘ekperrmentally with using “the detection of the delayed - radratlon after the pulsed cxcxtahon

RS make thrs exper1ment drﬂicult :

0 —72(1)b (696(4)b for thegs) :

5(r’>ﬂ"*"',—oo59(9>fm

. TlllS experlment demonstrates perfect poss1bxht1es of nuclear propertles measurements by

“the method of atomic levels hyperfine structure spectroscopy.’ Also a beam of 18H{™2 isommier
jons was produced for the ﬁrst time, and the high enough efficiency reached opens addxtlonal -
perspectrves for the'i 1somer1c ions acceleratron » separation’ from "ground-. state nuclel and-so -

: on.” The numerlcal results g1ven above are: upportant for the theoretrcal descrrptxon of the i

rsomer1c state nuclear structure

The experrments already fulﬁlled with 178Hf”" 1somer1c targets have demonstrated enor-
mous’ difficulties due to backgrounds generated by~stable hafnium isotopes present in the;
1somer1c target as well'as. by the werght quantrtxes of the backmg matérial and ‘microadmix-
““‘tures in that.: So, it is very 1mportant to create isomeric targets of the second generatlon with -
h1gher concentratxon of the 78HfT2 nuclei i in‘the target layer. There are good possxbrhtles to

‘a poss1b1hty was drscussed to work out a method of separatlon of isomeric and ground staterl
1"’Hf nuclei’ usmg their mass d1fference, AM/M 1.5:107%, on a specral cyclotron resonance ::
analyzer developed by the French group (M. Sant~Slmon et. al) and ‘installed now at' CERN.
_These methodlcal progress together with the’ productron of an addltlonal quantrty of ‘the: ¥

As has been already mentloned above a glant“cross -section for the 180Ta"‘ (7 ¥ ) reactlonv

K:-mixing, for excrted states was suggested So’it is: 1mportant to contmue studles of the-
feedmg of states w1th dlfferent K values in the (7 7’) reactlon on a h1gh K target The(

JrK /_14 147, B=2. 574-MeV- and T1/2—68 ps_as ‘well_as'for the level w1th J; l\"'46_,6

“The: fragment_ of the }T8Hf. level: scheme i’ presentc ,d‘1n
One can’ see. ‘that :the output transitions from these levels are.'not_ the same”as
cascade trans1tlons in; the radloactrve decay. of the 178Hf”" state, So; ‘the: populatlon ofg
the K=14 and K=6 levels'i in'the (7,7) reaction o a K 16 targct of 18H™2 can be studied '

“of the target by-the bremsstrahlung However, the dlfﬁcultles w1th the [7 ray bacl\ground '

: 4 2 Threshold K-mlmng behavrour in the 178Hf’"2 (p,p iy
One can suggest ‘another. variant of studymg the K- mlxmg ‘threshold behavrour usmg the:
proton 1nduced reactlon wh1ch is preferable in the’ sense of better bacl\ground condxt)ons
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Scheme of the bremsstahlung rnduced populatlon of short llved 1somer1c levels
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L 'spec1al K- mrxed level which plays a.very. 1mportant role in the process of levels populatlon

vAs it is'seen in’ ﬁg 11 the hypothetlcal K m1xed level 1s located at an excrtatlon energy off S
- about 3-MeV, e.g: not far from the 16% isomeric state. So it should be excrted in the (p,p’) 7. =
_scattering with'a hrgh enough probablllty, because the K- h1ndrance is mvalld for mixed level. ;
“~‘Being excited it can decay to the ground state band and a hlgh mult1pl1c1ty -cascade should o
: 4.’-ar1se as a result of spin conservatlon So, the detection of inelastically. scattered protons m', )
- thé coincidence wrth"a high 7y multiplicity cascade;" M7~8 “will mdlcate the eXcitation' of
2 the K-mixed level. “Aregular inelastic _scattering with an ‘excitation’ of rotatlonal bands of <*
L7 stable Bf nucler grves multlplrcrtles not hlgher then M =2- 4 and does not create a dangerous
o f’background R N ; - o
A proposed scheme of such an’ experlment is presented in ﬁg 12 The proton beam T
wrth an energy. about 20- 30 MeV from a tandem accelerator hits an isomeric target. The 47rf',
. ~'granular 7-detector provides hrgh efﬁcrency of the detection of hrgh 7-multrphc1ty events in. o
: 'co1nc1dences wrth 1nelast1cally scattered protons detected by the annular- detector in back- S
o ward diréction for the sol1d angle increase. “The measured conc1dence rate.as-a functron of
s ‘the detected proton energy has to show. a step increase at an excitation energy of the target
o ‘”8Hf'"z nucleus ‘of. about :0.5:1.0 MeV: .This energy. corresponds to the expected’ posrtxon of <&
:ithe K- mrxed level :Such an observatlon be1ng realized . will mean, a d1rect d1scovery of a: "~

,wrth a strong change of the K value e el

g '4 3.: Glant resonances bullt on four-quasrpartlcle state Sty
= As 1t was demonstrated by. the IPN Orsay group ‘a few years ago [26] heavy -ion inelastic’-
'scattermg isa powerful 1nstrument for the excitation ‘and studylng of many giant resonanCes;
of different’ nature The” spectra of mela.stlcally scattered ions- were measured in"a forward
.\ dlrectron on a beam w1th ‘an energy.of about 50 MeV/a m.u, Up to now. g1ant resonances
o _’kburlt/on 1somer1c states are not stud1ed ThlS idea | can be realrzed on “the U- -400 cyclotron S
<-at'Dubna’using an isomeric 178Hf"" target in a heavy-lon 1nelast1c scattermg experlment SE
~ The ‘most difficult- methodlcal problem is-to separate the scattermg ‘events on an isomeric:. i
" nucleus’ from those on stable Hf nuclei presented in the target. To solve this problem we T
,;suggest to use the method of high ~- multrphcrty ﬁlter in, comcrdence w1th scattered ions. As’
«-shown in fig. 13 ions. scattered at'an angle near 0° are. detected by a magnet1c spectrograph
' with a‘focal detector sw1tched on. comcrdences with'a 47 granular 7-mult1p11c1ty ‘filter.: For -
g _,addltronal selection of events one, can. use the ‘time-of- flight pa.rameter At the forward-ff'
- angle inelastic scatterrng on stable nuclei hlgh-spm states’are populated wrth a’ negllglble
»‘probablrty but not’in the case of scatterlng on.the 16%i 1somer1c nucleus.” S6; ‘the detection "
. of a high. 7—mult1p11c1ty events in tomcrdence w1th scattered 1ons prov1des rellable selectlon '
“of the reactions with an.isomeric nucleus So, the grant resonances of the 1somer1c nucleus ;
could be studred by this method : - : -

4 4. Transrtlon mass densrty dlstrlbutlon of the 17”Hf’"2 nucleus g
, The charge radius of the "8Hf" nucleus was measured recently [24] in the framework« :
B ,of the ”Hafmum collaboratl