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Effects of shell structure andN/Z ratio of a projectile on the excitation energy distribution
between interacting nuclei in deep-inelastic collisions
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Deep inelastic collisions of stable and radioactive projectiles with heavy targets are considered. The effects
of shell structure and thbl/Z ratio of a projectile on the excitation energy distribution between interacting
nuclei, and on the centroid position and variance of the chamgess distribution of binary reaction products
are explored. The role of nucleon exchange and particle-hole excitation mechanisms in the transformation of
relative motion kinetic energy into the internal excitation energy of nuclei is studied. It is shown that a change
in the mass number of the projectile nucleus causes a sufficient change both in the sharing of the excitation
energy between fragments and in the chamas$ distribution of reaction products. The nucleon exchange
process between interacting nuclei is the main mechanism of dissipation.

PACS numbds): 25.70.Hi, 25.70.Lm

l. INTRODUCTION the 2°%Pb + 2%8Pp reaction is significantly larger than that for
the 2%8U + 238 reaction[15,16]. The effect of the neutron
A large value for kinetic energy losses is an inherent feanumber variation of the projectile nucleus on the mass,
ture of deep inelastic heavy ion collisioh$,2]. Earlier it  charge, and energy distributions of deep inelastic heavy ion
was assumed that the relative motion kinetic energy of nueollision products is studied ifl7-23.
clei, being transformed into intrinsic excitation energy, was Interesting results for the yields of neutron-rich nuclei in
distributed between reaction products in approximate proporthe incomplete fusion reactions 8f*4*€a + 2*Cm were
tion to their masses. Recent experimefs-14], however, obtained in18,20. The observed yields of such elements as
have demonstrated that this assumption is incorrect. For exrh, U, and Pu in the reaction witffCa turned out to be two
ample, in the®®Ni+ 1%Au [3,4], *°Fe,’"Ge + ®Ho reac- orders of magnitude smaller than those in the reaction with
tions [5—12] the excitation energy is about equally divided “8Ca. The cross section of production for elements with
between the products of the binary reactions for relativelymasses larger than the target-nucleus mass, however, is of
large values of the total kinetic energy losses. In other reactwo orders of magnitude larger for the reaction witCa
tions[3,13,14, the excitation energy distribution is interme- than that for the reaction witf®Ca. From analysis of the
diate between equal sharing and sharing proportionate to the/Z ratio (N andZ are the neutron and proton numbeo$
fragment masses. In th&?Cr+ 2% [13], #8U+1%%Sn,  distribution of secondary nuclides the authors concluded that
11%d reactiong14] a large part of the excitation energy is targetlike fragments have small excitation energies. This fact
concentrated in the light fragments even for a wide range oghould be taken into account in deexcitation calculations
total kinetic energy loss. These new experiments created [23]. The difference in excitation energy values in all three
great interest in the problem of kinetic energy dissipation. To*®444¢€a + 248Cm reactions is assumed to be related to the
reconstruct the primary reaction product yields from thedifference inQgq values.
measured evaporation residues, it is important to know how The effect of the shell structure aMZ ratio of the pro-
the excitation energy was distributed between the primaryectile on the partitioning of excitation energy between inter-
fragments. acting nuclei, as well as on mass and charge distributions of
The fact that thermodynamic equilibrium is not attainedthe products of deep inelastic heavy ion collisions, is studied
as quickly as it was assumed earlier points to the importanin [18,20. It is evident that the analysis of this effect should
role of the structure of interacting nuclei even at relativelybe based on a microscopic model.
large kinetic energy losses. The effect of shell structure on The calculation of frictional coefficients requires explicit
the energy dissipation is manifested in the experimentaformulation of a microscopical model, including the cou-
study of the correlation of the total kinetic energy loss withpling of relative motion to the intrinsic degrees of freedom
the nucleon exchange between interacting nucle[24—41. These models are distinguished by the intrinsic ex-
[2-12,15,18. The value of the total kinetic energy loss per citations to be considered: collective surface vibrations, giant
unit of the charge distribution variance of the products forresonances, noncoherent particle-hole excitations, or nucleon
exchange between nuclei. It is clear that the structure of ex-
cited states and the strength of the coupling of different ex-
“On leave from Heavy lon Physics Department, Institute ofcitation modes with a relative motion will affect the excita-
Nuclear Physics, 702132 Ulugbek, Tashkent, Uzbekistan. tion energy distribution between fragments.
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The most commonly used models are those based on tHevels for each nucleus. Each nucleus is described by a po-
one-body dissipation approa¢®9,4Q. In these models, the tential well (Woods-Saxon-type potentjalvith nucleons in
friction force is determined by the nucleon exchange througtit. The interaction picture can be represented as follows: Dur-
a “window” during nuclear collision[42]. The simplicity of  ing the interaction time both potential wells act on the nucle-
this model[29,40 and its success in describing the kinetic ons of each nucleus causing nucleon transitions between
energy loss and the width of the mdsharge distribution of ~ single-particle states. The transitions occurring in each
reaction products are encouraging. The interacting nuclei imucleus are particle-hole excitations, while those between
the framework of these models, however, are considered ipartner nuclei are nucleon exchanges. Thus, in the suggested
the Fermi-gas approximation, and therefore, the nucleamodel, the single-particle mechanism is considered as the
structure is taken into account only by means of averagingnain mechanism of excitation and dissipation. The single-
over the ground state energy and parameters of the levelarticle approach is improved by the phenomenological ac-
density. count of the residual interaction between nucleons. Such ef-

One of the advantages of our modiéB,44 as compared fects as excitations of high- and low-lying collective states of
with model[29,4Q is that it allows us to explicitly take into the interacting nuclei are neglected. Although contributions
account the effect of the nuclear shell structure on a collisiorto the dissipation could come from easily excited surface
process. A realistic scheme of single-particle states, nucleovibrations, the adiabaticity of the relative motion with re-
separation energies, and single-particle matrix elements afpect to these vibrations decreases their effects.
nucleon transitions both in each nucleus and from one The total Hamiltonian of a dinuclear systd%\takes the
nucleus to another are constituents of our model. The singlgorm
particle approach is improved by the phenomenological ac-
count of the residual interaction between nucleons. Experi- ~ A - N
mental data on the widths and centroid positions of the H=Hg+Hint+Vin. (1)
charge(mass$ distributions of the reaction products indicate
that as dinuclear systems evolve individual features of thel'he Hamiltonian of a relative motion,
nuclei are preserved, and shell structure effects play an im-
portant part[1,2]. In comparison with model29,4Q our .
model gives correct direction of proton and neutron drifts. It - P2 . .
is known that the nucleon drift also renders the influence on Hre|=ﬂ+ U(R),
the process of excitation energy division between fragments
[3]. Another advantage of our model is the possibility of
simultaneously considering the particle-hole excitations inconsists of the kinetic energy operator and a nucleus-nucleus
each nucleus and the nucleon exchange between nuclei. Titeraction potentialJ(R). HereR is the relative distance
particle-hole excitation mechanism seems to be an essentigbtween the centers of mass of the fragmefmis the con-
contribution at peripheral internuclear distances. This excitajugate momentum, and is the reduced mass of the system.
tions become as important as a nucleon exchange especialiie last two terms in(1) describe the intrinsic motion of
for the massive dinuclear systef#3]. In the framework of nyclei and the coupling between relative and intrinsic mo-
this model, a good agreement with the experimental result§ons (for details, se¢43,44).
has been obtained in describing the dependence of the exci- The single-particle Hamiltonian of the dinuclear system
tation energy sharing between reaction products on their, g
mass number, and the dependence of the centroid position
and variances of the charge and mass distributions on the
total kinetic energy los§43,44]. A #2 -

The basic features of our model are described in Sec. Il.  Z(R(1)) ZZ Sm A +Up(ri—R()+U(r) |, 2
In Sec. lll, the effects of the projectile shell structure and its -

N/Z ratio on excitation energy distribution, centroid position,

and variance of the chargenass distribution for binary re- wherem is the nucleon mass, andl=Ap+ A7 is the total
action products in deep inelastic heavy ion collisions arenumber of nucleons in the system. The average single-
explored. The role of nucleon exchange and particle-holgarticle potentials of a projectildp and a target involve
excitation mechanisms in the transformation of relative mo+oth the nuclear and Coulomb fields.

tion kinetic energy into the internal excitation energy of nu-  In the second quantization form the Hamiltoniéh can

clei is studied. Conclusions are given in Sec. IV. be rewritten as

I MODEL FARO)=AnRO)+ VR,

The model is based on the assumption that colliding nu-
clei moving along approximately classical trajectories pre-
serve most of thgnr |.nd|V|dua.1I properties dgrmg t.he interac- Hin(R(t)):Z éi(R(t))aTai
tion time at the kinetic energies under considerafib,45.
For this reason, the quantum-mechanical consideration of the
intrinsic (_:Iegregs of freec_jom employs the smgl_e-pamcle_ ap- :2 EP(R(t))aEap+2 ET(R(t))a‘T'aTv 3)
proximation with a realistic scheme of the single-particle = T
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ViR(1)=> Vi, (R(t))ala;

i#i’

= > XL (R(t)alap
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+25 ger(R(O)(@partHe).
Up to the second order in the overlap integiBl T) [46],
ep(R(1))=ep+(P|U(n)|P),
Er(R(D))=e7+(T|Up(r —R(1)[T),
Xppr (R(1)=(P|U(r)|P"), 4)

X R)=(T|Up(r—R(1)|T"),

1
grr(R(1D)=5(P[Up(r=R(1))+Ux(r)[T).

In expression(4), ep(ty are the single-particle energies of

nonperturbed states in the projectitarge} nucleus. These

states are characterized by a set of quantum numbekghere Oy (t), (Ax(t))=(Zx(t))+(Nk(t)),

P=(np,jp,lp,mp) and T=(n;,jt,lv,my) corresponding
to the projectile P) and target T) nuclei, respectively. The
diagonal matrix elementéP|U+|P) ((T|Up|T)) define the
shifts in single-particle energies of the projectit@rge}
nucleus caused by the targgtojectile mean field The cor-
responding nondiagonal matrix eIeme;szfﬁgp (XTT,) gener-
ate particle-hole transitions in the projectitarge} nucleus.

The matrix elementgp; correspond to the nucleon ex-
change between reaction partners due to the nonstatlonaryﬁ
mean field of the dinuclear system. These matrix elements ni
were calculated in the framework of the approach proposed

by us[47,48. The contributions of noninertial recoil effects

to the matrix elements are neglected since they are small
[35]. The effect of the mean field of one nucleus on states of
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E ger (RXTHR(D)
h T a1 p(R(1))
0 (R(1))gp(R(1)

_2 Xppr

P’ aopr7(R(1))

Fp7(R())=gpr(R(1))+

whered; (R(t))=[&(R(t)) — &k (R(t))]/%.

The explicit consideration of the residual interaction re-
quires cumbersome calculations, but linearization of the two-
body collision integral simplifies the consideration. In the
relaxation time approximatiof49] the equation of motion

for the single-particle density matrix(t) is

|h—()—[7/(R(t)) n(t)]——[n(t) AR, (®)

where 7 is the relaxation timgwhich will be determined

later), ﬁeG(R(t)) is a local quasiequilibrium density matrix at
a fixed value of the collective coordinat):

éi(R(t»—x(K“)(t)”l
+exy< 0.0 , 9

nFAR(t)=

Ok (t)=3.46V[E;? (1) +Ex ™M (1) /(A (D),
A&(t), and
E’,;(")(t) are the effective temperature, mass number, chemi-
cal potential, and intrinsic excitation energies for the proton
(a=2Z) and neutron ¢=N) subsystems of the nucleqK
=P,T), respectively.

The 7; is calculated in the framework of the theory of
guantum liquidg50,51:

1 \/_77'

(fK 0)? +

the other nucleus is taken into account in the second order of

perturbation theory:

Xon (R(1)= xpp,(R(t>)+—2 X (R(D) x5 (R(1))

©)

{ 1 1
>< + 1
oprp(R(1))  @prp/(R(1))

1
X RO)=XTH RO+ 22 X (RO (R(D)
TH

1 1
X + 1
orr(R(Y) @ (R(1))

(6)

2. (= ()2 %)‘l&a)_gj o
X[(W@K) +(8i_)\K ) ] 1+ex ,
(10)
where
2 < k) —(Zk)
(2) — __ AREA LA AL
sFZK—S,: 1-z(1+2f) A }
(Nk)—(Zx)
(N)
EF, = EF 1+3(1+2f ) —— A (11

are the Fermi energies of protons and neutroas=@37
MeV). Here f,=0.09, f{,=0.42, fo,=-2.59, f,=0.54,
g=0.7 are constants of the effective nucleon-nucleon inter-
action[51]. The finite form of the nucleus has been taken
into account by the expressi¢bl]
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FIG. 1. The dependences of the ratR¥" (a), RZN (b), and
RPVEX (¢) on Ej for the XAr+24Cm reactions:X= 34 (dotted
line), X=40 (dashed ling X=46 (solid line).

fe="Ffin— Wﬁ(fin_fex)v

2
fKZfi’n_ <AK>173(fi,n_féx)- (12)
A formal solution of Eq.(8) is
. to—t\ | . t !
ni(t)=exp(°—>{ni(to)+2 dt’ft dt"Q (1,1
i k Jtg to

t'—t B B
X exp{ —) [Ng(t")—ni(t")]

Tik

+iftdt’ﬁi‘*“(R(t’))exp(t _to)], (13
TiJtg T
where

2
Qe (t,t")= ﬁR@[ Vik(R(1))Vii(R(t"))

xexr{i J;dt”&ki(R(t”))“.

FIG. 2. The same as in Fig. 1, but for ti€a+ 2*3Cm reactions:
X=40 (dotted ling, X=44 (short dashed line X=48 (long dashed
line), X=>54 (solid line).

Equation(13) is solved step by step with the time interval
(t—tp) divided into parts:ty, to+At, ty+2At, etc., for

At< Ti:
- - —At — At
ni(t) =n74R(1)) 1—exp{7 +ni(t)ex;<7),
I | (14)
ni(t)zﬁi(t—At)JrEk W, (R(1),At)
X[R(t—At)—n;(t—At)], (15
where
Wik (R(t),At)=| Vi (R(1))|? (16)

7,
Ea’ki(R(t))}

n;(t)=(t|a/a|t) is a solution of Eq(8) without taking into
account the residual forces. The dynami¢t) and quasi-
equilibrium A®P(R(t)) occupation numbers are calculated at
every time step. The initial values of the occupation numbers
equal 1 for occupied states and zero for unoccupied ones.
The energy of the last complete or partially occupied level
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FIG. 3. The same as in Fig. 1, but for th€a+ 2% reactions:

FIG. 4. The change in the mean chakgeZy) (a) and neutron
X=40 (dashed ling X=48 (solid line). GZp)

(ANp) (b) number of the projectile nucleus and the charge variance
o2 for the XCat23% reactions as a functiok,: the dashed
g; was found to be equal to the nucleon separation energyx—40) and solid K=48) lines are results of the calculations and
presented if52]. The time step\t used in the calculations is  the circles K=40) and trianglesX=48) are the experimental data
10 %?s. [17].

The present model allows us to calculate the average
number of protongZp(r)) or neutrons(Np(r)), their vari-  and proton subsystems of each fragment allows us to deter-

ance oz or oy, and the intrinsic excitation energies mine their relative contribution to the excitation energy of
EE(%)(t) andE’,;((}“))(t) for the proton and neutron subsystemsthe nuclei.

of each nucleus:

z IIl. MODEL CALCULATIONS
<ZP(T>>(t):p(ZT) Ner)(1), 17 This section is mainly devoted to the study of the deep
inelastic heavy ion collisions of 3*404xr+248Cm,
N 40,44,48,5ta+ 248Cm’ 40,48Ca+ 238U, and 20,22Ne+ 248Cm' In
(Np))(t)= > Npem) (), (18)  the framework of our model, we have analyzed the effect of
P(M the projectileN/Z ratio variations on the distribution of the
Z(N) excitation energy between binary products in these reactions.
2 _ = = The shifts of the centroid position and variances of charge
7zt 2 fe(O[1-fip(1)], (19 and mass distributions in these reactions were calculated as
well. These distributions are important, for example, in
() choosing the combinations of reaction partners and their col-
E’F‘,((%)(tJrAt):E’;((%)(tHZ [gP(T)(R(t))—}\(PD(QI.)(R(t))] lision energies for synthesis of exotic nuclei. The relative
P motion trajectories have been calculated by the same method
X[Apr(t+At) —fipm (D], (200  @sin[53,54.

The following notation is usedR™T=E}/E% is the ratio
where the top indeX(N) of the sum restricts the summation of the excitation energy of a projectilelike nucleus to a tar-
over protorineutron single-particle levels. It is seen from getlike nucleusRPV&<E* (PN/E*(®X) js the ratio of the exci-
(20) that the fragment excitation energy is calculated step byation energy of nuclei produced by particle-hole excitations
step along the time scale. Separate summing over the neutrém that produced by nucleon exchang&/N=E* @/g*N) js
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FIG. 5. The same as in Fig. 4, but for thar+ 245Cm reactions: FIG. 6. The same as in Fig. 4, but for tA€a+ 2*Cm reactions:
X =234 (dotted ling, X=40 (dashed ling X=46 (solid line). X=40 (dotted ling, X=44 (short dashed line X=48 (long dashed

line), X=>54 (solid line).

the ratio of the excitation energies of the proteh(® and
neutron E*™)  subsystems of the dinuclear system;#‘Ca and“Ca in the*Ca + 2%8Cm reactions. The neutron
(AZp)=Zp—(Zp) and(ANp)=Np—(Np) are the changes level f,, is filled with increasingN/Z ratio from 1 for
in the mean charge and neutron numbers in the projectile®oca to 1.4 for*®Ca. The ratioR™T increases with filling of
The excitation energy of each nuclei§(i=P,T) was cal-  this level[see the*Ca+ 248Cm reaction in Fig. @&)]. How-
culated by Eq(20) with summing of the excitation energies ever, RP'T decreases for reaction with magic nucleti€a,
of the protonEF @ and neutrong} ™ subsystems. In all for which level f, is completely occupied. As for isotopes
figures the abscissa presents the total excitation energyeavier than“®Ca, their last shell is unoccupied, and the
Eioss= Ep+ET . excitation energy becomes again higher than %a. We
The calculated values &' [Figs. 1a), 2(a), 3(a), 7(@)]  can observe the same tendency in Figa) for the *Ar +
show that in the34404@r+ 248Cm, 4044485€5+ 248Cm,  2%8Cm reactions, in which the nucled8Ar with magic neu-
40485+ 238, and 22%Ne+ 2*,Cm reactions the excitation tron number obtains smaller excitation energy than the oth-
energy concentrated in the light products is significantlyers. The ratioR™T for the “°Cat 2*®Cm and“®Ca+2*%Cm
larger than that corresponding to thermodynamic equilibreactions is practically the samfFig. 2(@]. For the
rium. This is seen most clearly in the results of calculations’®*&Ca+ 2% [Fig. 3(a)] we have obtained different results
for the reactions with®*Ar and ®“Ca. Thus, due to the short on account of the effects of shell structure peculiarities of the
interaction time and the strong difference in the shell structarget nucleus. We can conclude that the shell structure of
tures of the colliding nuclei, a thermodynamic equilibrium in nuclei (magic numbers, level densities near the Fermi sur-
the dinuclear system is not reached. faces of nuclgias well as proton energy separation in the
These results show that tHé/Z ratio of the projectile  projectile(that is strongly connected with th&/Z ratio) and
strongly affects the excitation energy sharing between fragthe relative position of Fermi surfaces of the interacting nu-
ments. The deviation of the curve, which describes a deperclei are important in distributions of the excitation energy
dence of ratioR”’T on E, in Fig. 2a), for *Ca from the  and nucleons between the binary products of deep inelastic
trend of other isotopes with increasidNyZ ratio manifests heavy ion collisions.
an important role of the nucleus shell structure into a parti- It is seen(Figs. 1, 2, 3, ¥ that in all these reactions an
tion of excitation between binary products of the reaction.increase in the orbital angular momentydecrease in the
From our calculations, it is se¢Rig. 2(a)] that the excitation total excitation energyleads to an increase in i’ and
energies of“°Ca and “8Ca are smaller as compared with RP"®* ratios. This means that the relative contribution of
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FIG. 7. The same as in Fig. 1, but for tAdle+ 2*%Cm reactions: FIG. 8. The same as in Fig. 4, but for tdle+ 24Cm reactions:
X=20 (dashed ling X=22 (solid line). X=20 (dashed ling X=22 (solid line).

particle-hole excitations to the total excitation energy of the

dinuclear system also increases with the initial orbital angua result, the intensity and direction of the prot@reutron

lar momentum. It is clear that when the relative distancerransfer{Figs. 4a), 4(b), 5(a), 5(b), 6(a), 6(b), 8(a), and §b)]
between the interacting nuclei increases., overlapping of between the fragments of the dinuclear system are changed.

the nuclear densities decreasebe probability of nucleon The increase in the separation energy means that the pro-
exchange decreases more rapidly than that of the inelastton Fermi level in the projectile with the largdl/Z ratio is
excitations of nuclei. deeper than in a projectile with a smalldfZ. A large dif-

The results of theRP®* and RN ratio calculationgsee  ference between the Fermi levels of interacting fragments
Figs. 1, 2, 3, and)7are sensitive to the value of tiNdZ ratio  can increase the number of transferred protons from the tar-
of the projectile nucleus. From the values of R&"®ratio  get to the projectile. Application of a heavy isotope as a
one can conclude that nucleon exchange is the main mechprojectile increases the difference between the last filled pro-
nism of kinetic energy dissipation. Comparison of the valuegon level of the projectile nucleus and first unfilled level of
of RP"®XandR%N shows that with increasing projectile mass the target nucleus. As a result, the average excitation energy
number, the contribution of the proton subsystem to the totaper proton transfer between a heavier projectile isotope and
excitation energy increases and becomes comparable to thie target nucleus will be larger than that between a lighter
of neutron exchanggFigs. Ab), 2(b), 3(b), and Tb)]. This  projectile and the same target. This effect appears as an in-
enhancement of the role of the proton subsystem in the dissrease in the mean energy of the proton subsystem displayed
sipation process with the increasing projectléZ ratio is  in the increase inR?N [Figs. 4b), 2(b), 3(b), 7(b)] and
attributed to the increase in the proton separation energy. ABP"®*[Figs. 1(c), 2(c), 3(c), 7(c)] ratios. The contribution of

TABLE |. The proton 69) and neutron $,) separation energies of Ne, Ar, C8&,=—7.62 %),
—7.13 f*Cm); S,=—6.15 %), —6.21 @*Cm) [52].

Element Ne Ar Ca

A 20 22 34 40 46 40 44 48 54
S, (MeV) —-1285 -1527 -—-4.67 —-1253 -1851 -—-833 -—-12.17 -15.81 -22.00
S, (MeV) —16.87 -1036 -—-17.07 —-987 —-7.22 —-1564 -1113 -994 -551
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the proton particle-hole excitation energy in the nuclei to the?®?Ne+24Cm, 34404nr+ 2%Ccm, 494Ca+ %3y, and
shared total excitation energy will be significant at large val-4044485€a+ 24Cm, the excitation energy is about equally
ues of the orbital angular momentum. As follows from ourshared between the products of the binary reactions. It
results, the sharing of the total excitation energy betweeshould be noted that in all these reactions the ratio of the
reaction partners and the distribution of the shared excitatioexcitation energy of the projectilelike nucleus to that of the
energy between the proton and neutron subsystems of thargetlike nucleus decreases with the initial orbital angular
nucleus should be correctly taken into account in calculatingnomentum. The contribution of the proton exchange to the
the preequilibrium nucleon yields. total excitation energy increases with the neutron number in
In Figs. 4a), 4(b), 5(a), 5(b), 6(a), 6(b), 8(a), and &b) the  the projectile nucleus and becomes comparable to the contri-
changes of the mean value of protofAZp)) and neutron bution from the neutron exchange. The nucleon exchange
((ANp)) numbers in projectilelike fragments of tHf@4%a  between interacting fragments is the main mechanism of the
+ 23§y, 84404 4 248cm 4044485(5 + 248Cm, and  relative motion kinetic energy dissipation. The relative con-
202e + 2%8Cm reactions, as functions &, are pre- tribution of particle-hole excitationémainly protons to the
sented. The change in tfaZp) and(ANp) decreases with ~excitation energy of nuclei also increases with the initial or-
E.ss because of a reduction in the overlap of nuclei. Frombital angular momentum.
Table | and Figs. @), 4(b), 5(a), 5(b), 6(a), 6(b), 8(a), and Our calculations show that the excitation energy of heavy
8(b) the sensitivity of(AZp) and(ANp) to the proton and products of the reactions should not be large. Therefore, the
neutron separation energies is seen. In Figa), 4(b), our  probability of particle evaporation from heavy fragments
results are compared with the experimental data(foZ,)  should be small. The authors of the experimental work of
and (ANp) for secondary products of th&®*Ca+ 238 re-  [18,20 came to the same conclusion on the basis of the
actions from[17]. Our results correspond to the primary narrow form of isotope distributions. For practical purposes,
products. According to our calculations, in tHe44Cat knowledge about the excitation energy distribution between
2%Cm reactions, the centroid of the charge distributionfragments can be used to reconstruct primary reaction prod-
moves to increase the charge asymmetry, in agreement witct yields[23]. The results demonstrate the sensitivity of
the experimentally observed increase in the yields of nuéxcitation energy sharing to th&/Z ratio; they are important
clides with masses greater than the mass of the target nucleggough to deserve detailed comparisons with experiments.
[18,20. In the reaction with*®Ca, the charge distribution We point out proton energy separation, in neutron-rich
centroid is shifted to decrease the charge asymmetry, whictheavy projectiles, as the leading parameter, which is not
also agrees with the increase in the experimentally observe@iconsistent with former studies.
[18,2(Q yields of nuclides with masses smaller than the mass
of the target nucleus. Unfortunately, for some characteristics ACKNOWLEDGMENTS
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