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1.  INTRODUCTION

Nuclear fission is for a large interval of excitation energy the
dominating decay mode of sufficiently intense heated heavy nuclei. This
binary disintegration into two ﬁssiorr fragrhertts (FF) of nearly equal
mass mainly- 'competes with the emission of neutrons and — at
temperatures higherthan 3 MeV [1] — light eharged partieles (LCP).
Recently, a combined ;dynamical-statistical description of this complex
interplay has been developeti [2]. 1t should be well establi'i‘shedhow that
the fission of heavy nuclei represents an overdamped collective motion
over a saddle in the hyperplane of potentialrene‘rgy to a considerably
largeQdeformed scission configuration, and proceeds in a time scale of
several units times 10°2% s [3]. ‘

The total kinetic energy release (TKE) of the fragments is then defined
by the Coulomb repulsmn between the preformed FF at the scission
pomt A first empirical parametrization of the mean TKE was already
given in 1966 [4], considering that being explicitly govemed by the

Coulomb term 72 / A”3 where Z and A denote the atomic and the

mass number of the ﬁssioning nucleus, respectively.

The emission of light particles from a heated nueleus, as treated by the
statistical nro’del is usually considered to be an evaporation process.
The probablllty Pev is then glven by the level density which for a

Ferm1 gas takes the asymptotlcal form of a Bolzmann factor
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p (E*) ~ exp (2V a E* ), where E* is the excitation energy, and the
level density parameter - a - is proportional to A. In the case of LCP
one has to take account of the Coulomb barrier (Bc) getting
Pey ~ exp (Z\I_aﬁc— ) The characteristic time 4for particle
evaporatron can be evaluated by Tey ~ 1/ Pey keeping in mmd the
statistical nature of the decay The inclusive spectra of the particles are
well described by Maxwell distributions characterized by the
temperature of the emitting nucleus. For charged particles, the spectra
have a lower limit at Bc Of course, the nucleus is no heat bath, but
cools down during particle emission what is essential inl describing long
evaporation cascades. The combined dynamical-statistical model of
fission mentioned above is an attempt to take this feed-back into
- account in the fission-evaporation competition.
Investigations of heavy-ion induced reactions at intermediate energies
——bin the so-called Fermi-energy domain — which became possible in
the 1980's, showed that, besides LCP, also complex fragments‘ of
intermediate mass (IMF) are emitted. Somewhat arbitrarily one defined
the IMF as being fragmentsy of mass 4 < Mmr <20+ 30\ (er
2 <Zwr <10 + 15) but, inany case, of mass between that of the
evaporative LCP and the FF. They can be of very diﬂ'erent origin
(cf. ref. [5]). For the present we want to consider only such IMF
whrch were ermtted from an equilibrated (compound—lrke) source. The

formatron of an excrted compound nucleus due to an 1ncomplete fusion
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reaction, characterized by only partial linear momentum transfer
(LMT < 1), has been observed in many experiments (e.g. refs. [6, 7]).
From pure statistical consrderatrons Moretto et al. [5] already presumed
that "ﬁssron and evaporation are the two partlcularly (but acc1dentally)
obvious extremes of a single statlstlcal decay process, the connectlon
being prov1ded in a very natural way by the mass asymmetry
coordinate". Since the transition-state model of fission delivers for the
fission prdbability Pc~ exp (2 a* (E*- By) ), i.el "anexpression of the
same form as for evaporation, at sufficiently high E* the fission yield
should b‘e only governed by the energetically allowed phase space flux
"ridge line"

over the [8], the line connecting the conditional saddle

points (Bg) for all possible mass splitting.

The statistical approach treating the disintegration .of the compound
nucleus as being controlled by the phase space only, of course, neglects
any fission dynamics. The transient times in the fission process [3], on
the other hand, document the presence of dynamical hindrances mainly
caused by the action of the nuclear viscosity. It is, therefore, of interest
to investigate how they affect other observables like, e.g., the TKE-M-
distribution. »

We here presuppose the binary character of the decay. Although it .is
known that binary decays dominate up to cousiderably high 'E"‘t [9, 10],

one has to check each event for complete massive fragment detection.



In this work we analyzed the TKE-M-distribution of binary. fragments
measured for the reaction N (34 AMeV) + ¥7Au [11]. e

In the range of excitation energy E* considered here, fission 1s not only
aqcompaniéd with the emission of many neﬁtrons and some LCP, but
in a small amount of events'alsb an IMF is observed together with two
FF [12, 13]. The origin of these IMF is another interesting question.
Here, the time devélopment of the disintegratioh processf}is essential. If
the IMF was emitted well before fission starts, both the excitation
energy and the fissionability of the heavy remnant were reduced much
more than in the case of a prior-to-fission emitted light particle. A time-
scale analysis of three-fragment decays of the composite system
produced in the reaction >*Ne (60 AMeV) + 7 Au was performed by
considering angular and velocity correlations in ref. [14]. The best
agreement between the data and the results of trajectory calculations
there was obtained if a rather fast sequential process has been assumed.
The mean time interval between the two fragment separations
amounted to 10 2! s, |

Another distinct low-energy IMF-component was found in ref. [15].
Because of the focusing of its yield into angles near 90° with respect to
the fission axis, the effect wés interpréted as an emission out of the
neck formed during fission. o

In the reaction '*N (34 AMeV) + 7Au we also recorded three-

fragment events. We performed a correlation analysis which is
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especially sensitive to the time interval between the IMF emission and
the final fission of the system. On the basis of the limited statistics of
the present experiment, however, only a qualitative discussion is
possible. A more detailed analysis of three-fragment correlations is

planned to be performed on the basis of a high-statistics data body

recently recorded for the reactions MN (53 AMeV) + 19‘7Au, apd

4N (34 AMeV)+ ?2Th.
2.. THE EXPERIMENTAL METHOD

The grieas_urement has been carried out at the heavy—idn beam of the
U-400M cyclotron of the FLNR JINR Dubna using the 4zn-fragment-
spectrometer FOBOS [16]. ‘
This multi-detector array consists of 30 combined detector modules
mounted on the facets of a truncated isocahedron, and realizing a so-
called logarithmic detector device. Three shells of

i) position-sensitive avalanche counters,

ii) axial-field (Bragg-) ionization chambers, and

fii) CsI(Tl)-scintillators

meaﬁure the coordinates (3,9), the time-of-flight (TOF), the residual
energy (E), and the Bragg-peak height (BP ~ Z) of the fragments, vas
well as scintillator signals suited for the. LCP identification by use of the

pulse-shape analysis method [17].



From the measured quantities the individual fragment masses (MF) and

the momentum vectors (Pg) can be derived applying the TOF-E-method
"event by event" without any kinematical assumption [18]. For two-
fragment decays the sum of the parallel momenta (Pr1 + P2 )11 was
checked to select events of large LMT = 0.8. The LMT has been used
as a rough measure of E* of the composite system. A sufficiently large

value of the total fragment mass (M r; + M ) together with a limited

transverse momentum (Pp+Prp )1 <500 MeVic were used as
criteria for the selection of coplanar binary decays. The TKE was
calculated from the both independently measured masses and the
relative velocity. This method excludes any influence of prior-to-
scission processes (fluctuations in incomplete fusion and in the
evaporation cascade) on the result.

We must emphasnze here that in the very asymmetrlc reaction induced

by the light N prOJectlle fragments of My > 14 should only originate

from the decay of a.compound-like system, and deep-inelastic
components are excluded. In reactions induced, e.g., by heavier
projectiles (like 40Ar, 27Al; see Refs. [9, 19]) this is in general not the
case, and the picturebecomes more complicate. An additional condition
for rulmg out of any possible fast processes was the selectlon of only
such events for the further analysns where the lighter of the both

fragments was emitted "backwards" in the c.m. frame.

‘ At energies of E* < 400 MeV of the hot system produced by the given

reaction, the amount of three-body decays (IMF-accompanied fission)
amounts to less than 1 % [13], and the bulk of the data is due to binary
disintegrations. The recorded three-fragment events were checked by
the same criteria as in the binary casé, but the sums were taken over
three fragments, and the entire LMT-range was accepted -

A specnal method has been applted to study prox1rmty eﬂects in IMF
accompamed ﬁsslon The c.m. frame (v) of the two hem{y fragments‘

(F1, F2) was determmed from both the1r masses and momentum

vectors (eq 1) and the veloc1ty (v lab) of the th1rd fragment (Il\/[F) was

then transformed (eq. 2) into this frame (v' el ).
vrir2 = (PF1+Pr)/ (MF) + Mp2) 1
1 lab ~ R
vEeME = v IME - VIR T (2)

The angle between ‘the direction of the emitted: IMF and the fission

axis with respect to (F1, F2) was determined in the same frame. |

3. TWO - FRAGMENT DECAY
3.1 Experimental results
Binary events restricted by the above formulated conditions are shown

in the TKE versus M contour plot of fig. 1. To demonstrate the large

_full width of th1s distribution in mass and energy, and to illustrate the

resolution obtamed by the application of the TOF-E-method, we chose



a logarithmic intensity scale with a factor of; | 2 between subsequent
contour lines. o TR

The main yield in fig. 1 is due to normal symmetric ‘multi-chance fission
of the hot equilibrated system, but very asymmefric mass splitting
extends to fragment pairs usually classified by their masses as IMF
and heavy residues, respectively. The mean value < Mp> =
176 a.m.u. corresponds to an average mass-loss (with respect to
completé fusion) of 36 a.m.u. due tov pre-compound particle emission
(incomplete fusion) as well as prior-to- and post-scission evaporation.
The branch of the heavy fragment is slightly broader than that of the
light one because of the larger corrections for energy losses in the
detector window materials and, therefore, slightly larger uncertainties in
the mass determination.

The large TOF-path of the FOBOS array (50 cm), and the timing
pfoperties of the position-sensitive avalanche counters allow an
accurate measurement of the fragmerit velocities (vr). The derived

relative velocities between binary fragment pairs (vye]) are drawn in

symmetric fission of <vge1> ™" = 2.4cm/ns is in accordance with
the systematics of ref. [4].

By scaling of the TKE - formula [4] with the asymmetry factor

4M M, / (M1+M2)2, accordance of the experimental data < v > with -

the evaluated values is observed for asymmetric mass splitting down to

dependence on Mr in the contour piot of fig. 2. The mean value at
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Fig.1  TKE-M-distribution of binéry fragment pairs of the hot compound
system formed after incomplete fusion (LMT = 0.8) in the reaction
"N (34 AMeV) + " Au [20].

about 1 : 3. At larger mass asymmetry of the decay the < v >
considerably deviate from a parabola, as can directly be seen in fig. 2.

A similar deviation of measured < vy > from a Coulomb calculation
was earlier 6bserved for asymmetric binary decays in the reaction
39 a (18 AMeV) + 12C (cf. fig. 23 in ref. [5]). There, the < vy > are

found to be increasingly larger than the calculated values with



decreasing atomic number of the fragments starting at Z < 20. Our Mf < 25 am.u. The mean values <TKE> are plotted versus the mean

observations agree with this set-in of some deviation. a values of the mass bins in fig. 3.
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Fig.2 v, -M-distribution for the same events like in fig. 1 [20]. repréSents a B¢ ~calculation.

- The <TKE> and the standard deviations ¢ (TKE) were determined by
3.2 Analysis of the TKE - M - distribution

On the basis of the data presented in fig. 1 and fig. 2 we analyzed

Gauss-fits over ranges in these spectra where the yield exceeds 10 % of

‘ the maximum. For comparison, -we also plotted the calculated TKE [4]
the TKE-spectra for mass bins of AMr =5 a.m.u. These spectra have a ( and the Coulomb barrier B¢ [21].

symmetric shape except for the smallest fragment masses at Starting from symmetric fission, one observes that the <TKE>, being

the "most probable" TKE-values for the mass bins considered, at first
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follow the line calculated by use of the TKE - formula, and then
smoothly approach to the Bc-iine. ‘Below Mg ~ 50 am.u. the
deviation from the calculated TKE exceeds one o(TKE), and below
Mr ~ 25 + 30 a.m.u. the <TKE> are well reproduced by the Coulomb
barrier Bc.

Presuming for fission of hot nuclei that M1 / My =27,/ Z (where the
compound nucleus is givenby M =M; + M, and Z=Z; + Z,), the
scaling factor for the calculationu of tﬁe TKE at asymmetric mass
splitting can be taken as 4Mj My / (My+Ma)? or 4Z1Zy / (Z1+Z,)%. Tt
is obv ious that in this manner one takes only account of a re-
distribution of the charge of the fissioning nucleus between the
fragments. In the framework of the two-spheres approximation [4],
the Coulomb repulsion at scission is responsible for the TKE. It also

changes with the effective distance (Dg;) between the fragments.

Formally, one gets Dy ~ A11/3 + A21/3 < (A/2) 173

~ Dg ™. This
approximation does not hold for more asymmetric mass splitting.
Consequently, the average scission shapes should become more
compact leading to an enhanced Coulomb repulsion and, therefore,
to the larger <TKE> values observed (fig. 3).

This behaviour of the <TKE> reflects the approaching of the
conditional scission points to the ridge line of conditional saddle points

with increasing asymmetry of the binary decay. Furthermore, as the
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descent from the saddle to the scission point is respo’nsibfé for a large

amount of the fission transient time [3], this should.be a hint that more

asymmetric disintegrations proceed faster “than synimetrié‘;‘ﬁésiéﬁ

because they are less damped.

If we understand the difference ‘between»th’e3barfie'r?‘B.é: and the
measured <TKE> as the mean amount of dissipated ‘_evﬁerlgyf(E("\Ik’)isg)kon
the fission path to scission, the vanisﬁihg‘aarfipiné'“f at suﬁ'lc1ently large
mass asymmetry be.come‘s' evident.  With the expression A Ay A’
chosen for the mass ;asymmetry, the dependence of the dissipation on
this parameter. becomes linear in a fairly wide region (fig. 4). For the
most asymmetric mass splitting, E p;ss becomes formally even negative

reflecting the amount of kinetic energy which the light cluster gets from

the hot emitting nucleus in an evaporation process.
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4. THREE - FRAGMENT DECAY
4.1  Experimental results

From the 1200 three-fragment events recorded in this experiment, we
estimated an integral ternary to binary decay ratio of 4-107 for the
reaction "N (34 AMeV ) + 7 Au. The necessary correction for the

geometrical acceptances leading to different registration efficiencies for

binary and ternary events are based on a Monte-Carlo simulation.

The spectra of the relat1ve velocities between IMF (A =10 + 20) and
either the heavy partner in a binary decay (vrel ) or the center-of-
mass of the two heavy fragments in a ternary decay (v ™ pvp) are

shown in fig. 5.

The peaks in the two spectra coincide. Furthermore, a second

" component at lower velocity is evident in the v rel MF = distribution. In

ref. [15] such a low-energy component was interpreted as an IMF-
emission out of the neck region of the fissioning nucleus ‘where the
Coulomb repulsion is reduced. In this case, some Coulomb focusing
should be observed, and, therefore, we plotted in fig. 6 the ratio of the
low-velocity to the high-velocity IMF-yieldvershs the emission angle
with respect to the fission axis. In this ratio eﬁ'ects due to geometrical
acceptances are excluded. A certain enhancement near 90° is really

observed, but some events are observed also at other angles.

10°3 "} I , ]
‘ ' 0.10 | , - i
e ternary . .
A binary i 1
, o:;:&'. Nv<22cmlns ! .
10 3 AN AA.‘. N v >24cmins | . i
8 ®a a A‘O.
° .
© ce’ & ae 0.05 |- _ i
10'4 o** a AT L e |
3 ® an® b
2] A A Ae 3
e e
® AN ° . } . }
10° d L4 )
0 1 2 3 4 5 ) 4 0.00 b——— . = , 5
V., / cmins : L
. . - . © me-Fr | degrees
Fig. 5 Rclative velocities between IMF of 10 +20 a.m.u. and their heavy partner
in asymmetric binary decays (v« ") and between IMF and the c.m. Fig. 6 Angular distribution of Iow -velocity IMF with respect to the fission axis.

frame of the two fission fragments in ternary decays (v ™ o ).
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The influence of a third fragment (IMF) on the relative velocity
between the two fission fragments is demonstrated in fig. 7. In the
events where the IMF have a high velocity, the FF have a mean relative
vélocity of 2.4 cm/ ns what one expects for a usual fission process [4].
‘The emission of an IMF with low velocity, on fh_e other hand, leads to
a remarkable enhancement of the relative. velocity between the

remaining. .. < - two heavy fragments.

w
lll" LB l L SRR T IR | l LA ] L1 lll‘ LS 1 l—

) . | l £ 2 2t ' ) S S 1 l Lt 2 1 l 1.2 3.1 l

Ll-l 1l l b 1 l 11 l b " I} lJ_l 1

© 10 0 15 20 25 3.0
Vel FR-FF [CM/NS]

Fig. 7 Scatter plot of the IMF-velocity relative to the fission fragment ¢.m. frame
versus the relativ velocity between both fission fragments in ternary events.
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The yields of the both ternary components per binary fission are shown

in fig. 8 in dependence on the LMT determined from the sum of the
momenta of the three fragments. The yield of the high v rel IMF -

component strongly increases with increasing LMT, whereas the low-

velocity component remains almost constant.
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Fig. 8  Yields of the two components of ternary decays per binary fission in -

dependence on the transferred linear momentum.

The Z-distributions of IMF emitted with high and low relative
velocities, respectively, are compared in fig. 9. The high-velocity

component decreases much stronger with increasing Z than the low-

17



velocity one. The second component also shows an odd-even effect up

to Z=10.

102+ o v> 2.4 cm/ns

Counts
°

1 o [ ] o
‘ v<22cmins I
10° °

T —rr—r T
T T

o 5 10 15 20
‘ Atomic number

Fig. 9 Z - distributions of IMF observed in ternary events at low and high

relative velocities.

4.2 Discussion of the ternary decays

The coincidence of the peak of the high - V™ p component in ternary
decays with that of the relative velocities between IMF of comparable
mass and the heavy remnants in binary events (v ™" ; fig. 7) lead us to
the conclusion that both components have the same origin. The only
difference between them is that the heav& ferhnanf, which remained

after the IMF was emitted, further on might undergo fission or not.
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This means that in the three-fragment decay the fission process
happened later, and did not inﬂuencke the IMF-velocity.

As the IMF needs about 3 - 102! s to be accelerated to ~ 80 % of its
asymptotic velocity by the action of the Coulomb force, we can
conclude that the time interval between the IMF-emission and the
subsequent fission amounts to at least several units times 102! s,
Consequently, the escaped IMF only left a lighter and: less. excited
nucleus, but otherwise did not influence the subsequent fission’process.
This fact is also confirmed .by the obSérvéd relative velocity between
the two FF v(ﬁg. 7) which is the same as in a binary decay. Such IMF-
accompanied ternary events are of clear sequential nature — i.e. the
IMF is emitted “prior-to-fission”.

On the other hand, we interpret such ternary decays which contain a
low-velocity IMF-component as fission combined with a neck-emission.
The neck region of the fissioning nucleus should be confirmed as the
source of these IMF not only by the Coulomb focusing (like in ref.
[15]), but, furthermore, also by our new observation of an increased
relative velocity of the FF (fig. 7). A third fragment, when created
"between" the two separating FF, introduces an additional Coulomb
repulsion. On condition that roughly the total (potential) Coulomb
energy of the three nearby-formed fragments in a ternary decay is
transformed into kinetic energy, a decrease of the kinetic energy of the

IMF should somehow lead to an increase of the kinetic energy of the
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FF. Quantitative conclusions, of course, will only be possible by the
comparison with trajectory calculations planned for the future. |
(Such calculations should also clarify the origin of the observed low-
velocity, but non-focused IMF. Possible scenarii one can imagine are,
e.g. : ‘

i) an emission not from the neck, but out of the deforming nucleus
during fission when the Coulomb barrier is lowered or

ii) a slightly delayed second neck-rupture between the nascent
fragments.) . :

There is a striking difference between the excitation functions (fig. 8) of
the two IMF-components discussed (taking the LMT as a measure of
E*). Such a behaviour has already been found in the analysis of IMF-

- accompanied fission observed in the reaction Li (43 AMeV) + 221

[22]. We interpret this fact as a consequence of the dynamics of the

fission process. If the emission times are different, it should be obvious,

that the "early-emitted " high-velocity component is more affected by

the primary excitation energy (E*) of the compound nucleus than the
neck component. The systematics of the excitation energy remaining in
the FF [3] showg a very weak dependence on 15*. Consequently, the
excitation energy of the fissioning system near scission should also only
weakly depend on E*. This leads to the nearly constant yield of the
neck component with LMT (fig. 8).

The odd-even effect evident in the Z-distribution of the low-velocity

component (fig. 9) is a further hint that the excitation energy near
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scission is rather small. The Z-distribution of the prior-to-fission
emitted IMF does not show any odd-even effect, and at Z pur > 6 it
falls steeply down. These IMF emitted at high excitation energies —
i.e. in an early stége of the de-excitation proCess — progressively
suppress the fission probability of the heavy remnant with increasing
Zmr, and the less fissile and less excited remnant gets more and more
chance to survive as a heavy residue. This means that early-emitted
IMF of large Zpar "gain" the binary decay.

In th‘is connection there is an interesting intercept with the observations

discussed above in consideration with very asymmetric binary decays.

Namely, extrapolating the steep slope of the Z-distribution of the
prior-to-fission emitted IMF (fig. 9) to zero, and assuming Apr =
2 - Z MF, one gets a mass number of AT pre ~ 26. This is roughly the
mass region, where the <TKE> of very asymmetric binary decays
approaches to the Coulomb barrier Bc (fig. 3), and this behaviour we

interpreted as the gradual disappearance of the dissipation during the

disintegfation process. The éxtrapolation of the curve in fig. 4 gives
Aev (E piss = 0) ~ 15 + 16 for the system considered. Approximately,
one can assume that light "clusters" of mass up to about Ay

(Z o ~ 7+ 8) canbe evaporated by the hot compound nucleus during

the de-excitation cascade. Indeed, the steep slope of the Z-distribution
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of the prior-to-fission emitted IMF (fig. 9) setsin at Z pyg = 7, and the

yield at Z pye < 6 is rather constant.

Reminding that we found_ the prior-to-fission IMF-component as
not being affected by a later happening fission process and,
therefore, supposed it as being emitted "earlier ", ie. at’ hlgh E*,
we can assume that E* >> BC; and th‘e probability
Pey ~ exp (2V m ) reduces (neglecting phase space
constants) formally to Pey ~ exp (2\/;1—E;)=f (E™).

Starting from some critical A™, dynamical considerations come into
play, and the IMF-emission loses its statistical feature and further on
follows a dynamical time scale. This means that the nature of the decay
process changes over from evaporation—like to ﬁsSidn—like [5]. The
more asymmetric the mass splitting is, the lower is the dissipation
(fig.4), and, in all probability, the faster is the disintegrétion. The drop
down of the yield of the prior-to-fission emitted IMF-component at
some Z o, "™ isin agfeement with such a scenarfo. Of course, at higher
incident energies than in the reactioﬁ considered, the yields of ternary
IMF with higher Zpur should increase, and the decay Vmechanism should
develop from (sequential) IMF-accompanied ﬁésion to th:éb limit of
terhary fission [23]. This process should be gov‘erned'bry the dy'namics
of the collective motion of the nuclear matter involved.

From energétical considerations, namely, that the fission barrier

increases, but the Q-value of reaction decreases with increasing mass

22
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asymmetry of the binary decay, the disintegration into very asymmetric
fragments carrying away a TKE > Q- principally needs a larger amount
of E* to occur than the symmetric fission of the szimg: system. This
means that the effect of the intrinsic single-particle motion on the
collective degrees of freedom responsible for a fission-like process
should be temperature-dependent. More asymmetric modes are
generated only at sufficiently large E*, or fission at asymingtric mass
splitting should proceed faster, i.e. at a time when the system has not
yet been cooled considerabl.y by particle evaporation. Up to now there
is no consistent description of the complex interplay of light particle as
well as IMF evaporation and fission into the broad range of mass
splitting observed experimentally. The method of ref [2] which
combines statistical as well as dynamical aspects of this process should
at present be the most adequate one, but it has to be extended by
including of more degrees of freedom what seams to be a very
complicate task. ,

Furthermore, the broad Z-distribution observed for IMF emitted from
the neck cannot be explained by simple assumptions about excitation
energies, emission barriers, a.s. 0. Up to now, there is no theory
describing the neck emission of IMF in the given energy range.
Probably, it is also governed by the complex dynamics of the fission -
process including the formation of the scission configuration and the

rupture of the neck.

23



(1]

[2]
(3]
[4]

[5]

(6]

[7]

8]
[9]

References

H. Delagrange, C. Gregoire, F. Scheuter, and Y. Abe,

Z. Phys. A323 (1986) 437.

LI Gontchar, Phys. El. Part. At. Nucl. 26(4) (1995) 932.

D. Hilscher and H. Rossner, Ann. Phys. Fr. 17 (1992) 471.
V.E. Viola, Jr., Nucl. Data Tables A1 (1966) 391
(Re-evaluated by V.E. Viola, K. Kwiatkowski, and M. Walker
Phys. Rev. C31 (1985) 1550).

L.G. Moretto and G.J. Wozniak, in: "Progress in Particle and

“Nuclear Physics", vol.21- (ed. A. Faessler) Pergamon Press,

Oxford, 1988.
R.J. Charity, M.A. McMahan, D.R. Bowmann, Z.H. Liu,

'R.J. McDonald, G.J. Wozniak, L.G. Moretto, S. Bradley,

W.L. Kehoe, A.C. Mlgnery, and M.N. Namboodiri,

Phys. Rev. Lett. 56 (1986) 1354.

R.J. Charity, D.R. Bowmann, Z H. Liu, R.J. McDonald,
M.A. McMahan, G.J. Wozniak, L.G. Moretto, S. Bradléy,
W.L. Kehoe, and A.C. Mignery,

‘Nucl. Phys. A476 (1988) 516.

L.G. Moretto, Phys. Lett. B40 (1972) 185‘.

G. Klotz-Engmann, H. Oeschler, J. Stroth, E. Krankeleit,

Y. Cassagnou, M. Conjeaud, R. Dayras, S. Harar, R. Legrain,
E.C. Pollacco, and C. Volant,

Nucl. Phys. A499 (1989) 392.

24

b

[10]W. Wagner, H.-G. Ortlepp, C.-M. Herbach, P. Gippner,

D.V. Kamanin, A. Matthies, Yu.E. Penionzhkevich, G. Renz,
K.D. Schilling, O.V. Strekalovsky, D.V. Vakatov, and

V.E. Zhuchko, Proc. of the 2d Int. Symp. on Heavy Ion Physics
and its Applications, Lanzhou, China, 1995 (eds. Y.X. Luo,
G.M. Jin, and J.Y. Liu) World Scientific, Singapore, 1996, p. 217,
Preprint FZR-104, Rossendorf, Germany (1995).

[11JA.A. Aleksandrov, LA. Aleksandrova, L. Dietterle, V.N. Doronin,
S. Dsemuchadse, P. Gippner, C.-M. Herbach, S.A. Ivanovsky,
D.V. Kamanin, A. Matthies, D. May, H.-G. Ortlepp, G. Pausch,
Yu.E. Penionzhkevich, G. Renz, K.D. Schilling, D.1. Shishkin,
0.V. Strekalovsky, V.V. Trofimov, I.P. Tsurin, C. Umlauf,

D.V. Vakatov, V.M. Vasko, W. Wagner, and V_E. Zhuchko,
Report FZR-78, Rossendorf, Germany, 1995, p. 77.

[12]A.A. Aleksandrov, I.A. Aleksandrova, M. Andrassy, L. Dietterle,
V.N. Doronin, P. Gippner, C.-M. Herbach, D. Hilscher,

S.A. Ivanovsky, A. Matthies, D. May, H.-G. Ortlepp, G. Pausch,
Yu.E. Penionzhkevich, V.N. Pokrovsky, G. Renz, K.D. Schilling,
D.I. Shishkin, O.V. Strekalovsky, V.V. Troﬁmov, C. Umlauf,
D.V. Vakatov, V.M. Vasko, W. Wagner, and V.E. Zhuchko,
Proc. of the 5th Int. Conf. on Nucleus-Nucleus Collisions,
Taormina, Italy, 1994 (eds. M. Di Toro, E. Migneco,

and P. Piattelli) North-Holland, Amsterdam, 1995;

Nucl. Phys. A583 (1994) 465c.

25



[13]H.-G. Ortlepp, W. Wagner, A A. Aleksandrov, I.A. Aleksandrova,

L. Dietterle, V.N. Doronin, S. Dsemuchadse, P. Gippner,
C.-M. Herbach, S.A. Ivanovsky, D.V. Kamanin, A. Matthies,
G. Pausch, Yu E. Penionzhkevich, G. Renz, K.D. Schilling,
D.I. Shishkin, O.V. Strekalovsky, V.V. Trofimov, LP. Tsurin,
C. Umlauf, D.V. Vakatov, V.M. Vasko, and V.E. Zuchko,
in: "Low Energy Nuclear Dynamics" (eds. Yu. Oganessian,
R. Kalpakchieva, and W. von Oertzen) World Scientific,
Singapore, 1995.

[14]R. Bougauld, J, Colin, F. Delaunay, A. Genoux-Lubain,
A. Hajfammi, C. Le Brun, J.F. Lecolley, M. Louvel, and
J.C. Steckmeyer, Phys. Lett. B 233 (1989) 291.

[15]D. E. Fields, K. Kwiatowski, K.B. Morlay, E. Renshaw, J.L. Wile,
S.J. Yennello, V.E. Viola, and R.G. Korteling,
Phys. Rev. Lett. 69 (1992) 3713. .

[16]H.-G. Ortlepp, M. Andrassy, G.G. Chubarian, M. Danziger,
L. Dietterle, A.S. Fomichev, P. Gippner, C.-M. Herbach,
AL Ivanenko, I.V. Kolesov, A. Matthies, D. May, '
Yu.Ts. Oganessian, YuE Penionzhkevich, V.N. Pokrovsky,
G. Renz, L.A. Rubinskaya, O.V. Strekalovsky, V.V. Trofimov,
V.M. Vasko, W. Wagner, V.E. Zhuchko, K. Heidel,
K.D. Schilling, W. Seidel, H. Sodan, H. Fuchs, D. Hilscher,
H. Homeyer, W. von Qertzen, P. Ziem, G. Pausch,

26

B.A. Burova, S.V. Radnev, and 1.D. Sandrev,
Proc. of the FOBOS workshop '94, Cracow, Poland, 1994
- (ed. W. Wagner) FZR-65, Rossendorf, Gérmany, 1995.

[17]]. Alarja, A. Dauchy, A. Giorni, C. Morand, E. Pollacco, P. Stassi,
R. Billerey, B. Chambon, B. Cheynis, D. Drain, and C. Pastor,
Nucl. Instr. and Meth. A242 (1986) 352.

[18]C.-M. Herbach, in ref. [16], p. 87. A ( ,

[19]R.J. Charity, K.X. Jing, D.R. Bowman, M.A. McMahan
G.J. Wozmak,. L.G. Moretto, N. Colonna, G. Guarino,

A. Pantaleo, L. Fiore, A. Gobbi, and K.D. Piildgnbrand,
Nucl. Phys. A511 (1990) 59. o

[20]W. Wagner, H.-G. Ortlepp, P. Gippner, and C.-M. Herbach
in: "Advances in Nuclear Dynamics", vol.2 (eds. W. Bauer and
G.D. Westfall) Plenum Press, New York, 1996, p. 341.

[21]R. Bass, "Nuclear Reactions with Heavy Ions", Springer-Verlag,
Berlin, 1980.

[22]C.-M. Herbach, H.-G. Ortlepp, P. Gippner, K.D. Schilling, and
W. Wagner, Report FZR-130, Rossendorf, Germany, p. 89.

[23]G. Bizard, R. Bougault, R. Brou, J. Coliﬁ, D. Durand, A. Genoux-
Lubain, J.L. Laville, C. Le Brun, J.F. Lecolley, M. Louvel,

J. Peter, J.C. Steckméyer, B. Tamain, A. Badala,
T. Motobayashi, G. Rudolf, and L. Stuttgé,
Phys. Lett. B302 (1993) 162.

Received by Publishing Department
on April 11, 1997.

27



BamepBuap. o Mo e T RT3
Jlayx'rcnwbm H TchTCJIbeIH pacnas!’ mpﬂqux TEXETBIX sulcp, [ " ' ‘
nonchlmblx B peaxuuu l“N (34 AMeV)+ 197Au L O

“Ha 41: cneKTpOMe'lpe (DOBOC 6bUIH uccneuoaaubl }.lByxTchbeIH H TpCXTeJIbeIH pacnansi ropsymx

mxenux a'rommx snep, TIONYYEHHBIX B pcaxuuu cho.rmoro CITHSHHS l“N (34 AMcV) + 197Au'MaCCbl -
cxopocm H- BHEPIHH q:pamcu'roa onpcucnﬂnucs no, Mcmuuxc TOF-E. Ananus TKE-M pacnpcuc.ncmm
~MOKa3aN;  YTo NPH - 10CTaTOYHO 60nbluou 3ucpnm Boa()yxucuuu npomcxy-roquoro s1pa, - T0 .€cTb
‘npn 60m>umx [IEPCIAHHEIX HMITYIbCAx, Ha6moua}o'rcn 1B rPaHHYHBIX MexaHHIMa uayx‘rcnbnoro pacnana,
.2 UMEHHO! ue.nelmc NpH  MICHBKOH Maccoaou aCMMMCTpHM Q)pamcn'ros H ncnapcnuc npu 6om>|uou'
acuMMchuh : i B S |

- Hea ucmq}mxa ¢pamcuroa npoucxy‘roquux Macc caa:auuux c ucncnucM G onpcuc.ncubl ny'rcu‘ :
* aHama OTHOCHTESIBHBIX~ CKOpOCTEi, " yTJI0BBIX pacnpeu&ncmm q:yuxuuu 3036y>xucuwl H -32pSI0BBIX
, BHIXOJI0B cbpameu'ros Momumo Bmcoxoaneprcnmecxou SMHCCHH M3 npouexy'roqnoro aupa 10 - BeNeHus
Haﬁmouanau Huaxoaucprenwccxau KoM[IoHeHTa, ucnycxacmau M3 wieiiki tenserocs aapa. Kpome Toro, |,
'rpcn.sl Kounoucu'ra MO)KCT 65m> cBsI3aHa C 3auepxmmbm uBouuuM pa:;pbmou weiky, Iensierocs ﬂﬂpa "

- L : E (s ERIVERY

Pa60'ra Bbmonncua B JIa60pa'ropuu smcpubxx pcaxuuu HM F H dlncpoaa OHS{M

Wagner Wetal, - . .o % E7-97-131
Thc Bmary and Tcrnary Dccay of. Hot Hcavy Nuclm Produccd :
m the Rcactxon I“N (34 AMcV)+ l9"Au R /’,_. R ST -

Thc bmary and tcmary dccay of hot heavy nuclcl produccd by mcomp]clc fus:on in. lhc rcactxon
l“N (34 AMeV) + 197Au has been mvcmgatcd at the 41t-array FOBOS Thc fragmcm masqes vc]ocmcs
‘and. energies have been dcnvcd using the TOF-E method. . The analysls of -the .TKE M-distribution
of . binary decays showcd that -at sufficient ‘excitation energy of the composite . syqlcm i.e. for large
‘transferred lmcar ‘momentum, one obsesves the two limits of the dccay mechanism, namely fission-like-
“and* cvaporanon hkc bmary dlsmtcgranons at emall and large mass. asymmclry of lhc fragmcms .
rcspecuvcly R L X ,,_‘y .
_Two ‘sources of IMF emission assocmlcd wnh 'ﬁsslon are- wcll scparatcd by comldcranon
; of the rclallvc vclocmcs angular distributions, excitation ‘functions and chargc ylclds Besides lhe high-
“energetic, compound emission of IMF_ before’ ﬁ\slon the low- -energy” neck-emission durmg fission has
béen observed.  Evidence has * been found for a- lhxrd IMF-componcnt which- possnbly ongmatcs

from a dclaycd double ncck ruplurc of lhc dcfonncd ﬁsslonmg syslcm

Ly e R

S

The mvcsuganon has bcen performcd at lhc Flcrov Labomlory of Nuclcar Rcacnon\ JINR




