Kparxue coobwenun OHAH N°] 7-86 JINR Rapid Communications No.17-86
YIK 539.172

LARGE CLUSTER TRANSFER PROCESSES
IN REACTIONS LEADING TO HEAVY ACTINIDES

M.T.Magdé*, A.Pop#, A.S¥ndulescu

A model based on projectile fragmentation is pro-~
posed to describe the multinucleon transfer reactions
leading to heavy actinides. The primary values of the
cross sections for the formation of various isotopes
are obtained by assuming that large clusters separa-
ted from the projectile are captured by the target,
Data obtained at LBL and GSI for the Fm-, Md-, No-,
and Lr-isotopes produced in the 80, 18¢, 22 Ne,

8 Cca + 2545 reactions are well described by the
above model after correction for neutron emission.

The investigation has been performed at the La~
boratory of Theoretical Physics, JINR.

Npoyeccw nepeaaun MaccusHuix Knacrtepos
B peaKkyuax, sefyumux K o6pasosaHuio
TAKENHX aKTUHUAOB

M.T.Marpa, A.lom, A.Caupynecky

IOns onucanus PeaKuHH MHOI'OHYKJIOHHBIX rnepepav, Be-
AYIUX K TAKENbIM aKTHHHMNAM, NpeAcTaBieHa Mogensb, oc-
HOBaHHas Ha dparMenTranuu 6om6apaupyiomeii YacTHIIb .
llepBonavanbpHele 3HaueHUs nonepeyHelx CeYeHHil misa obpa-
30BaHHA PA3NHYHBIX M30TOMNOB nojayvyawTcsa, ecny npenno-
JIOKHTb, UTO MACCHBHbIE KJaCTeph, OTAEINANLHECS OT GOM—
6apaupylomeir HaCTHUBl, 3aXBaTHBAWTCA MUMEHbIo, [JaHHble
noiryyeHHsie no LBL u GSI anm usoronos Fm, Md, No
u Lr, o6pasoBanmeix B peaxmunx c 160, 180, 22y,

Ca + %54 Eg, xopomo omucmmalorcs BbIIeYKA3aHHOH MO-—
Benblo, ecnu BBOAUTCSA KOPPEKLHSA Ha 3MHCCHIO HEeHTPOHOB,

PaGora Bunonunena =B JlaGopaTopuu Teoperuyeckoii bu-
3uKku OHAU.

During the last years, multinucleon transfer reactions
have been used for the production of heavy actinides /1-8%/
The understanding of the mechanism occurring in such re-
actions would be of great interest for allowing predic-
tions of the production cross sections for, heavier ele-
ments. The current interpretation of the reactions has
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been based so far on the theory of strongly damped colli-
sions’? in the context of the surviving probability of
the primary products’%. ‘

Systematic measurements for multinucleon transfer re-
actions in the case of the bombardment of a given target
as,for example,2%4¢Es by various projectiles (189, 180,

22 Ne ,and 48 Ca)/ 2% have revealed comparable cross sec-
tions for a (AZ,AN) transfer, despite a different isotope
distribution for various elements (Fm, Md, No, Lr).Such

a projectile dependence suggests that the fragmentation
of the projectile occurs producing large clusters that
are subsequently captured by the target (massive trans-
fer, incomplete fusion or two-body breakup reaction).
Much experimental evidence has been gathered recently
which shows that projectile breakup processes are not neg-
ligible even at lower than 10 MeV/m incident energies

as happens to be the case of the above-mentioned reac-
tions.

Starting with this observation we propose for multi-
nucleon transfer reactions a simple model based on the
following physical picture: the incoming projectile
breaks up in the Coulomb and nuclear field of the target
nucleus, the resulting large clusters being captured by
the target nucleus. The hypothesis of a large cluster
transferred as a whole is supported by experimental evi-
dence for = and %Be transfer obtained in 12C reactions
on Au and Bi’?/ as well as by the recently growing ex-—
perimental evidence for the incomplete fusion reactions.

Therefore we consider the process:

P+T-—oF‘1+F2+T—>F1+(F‘2+ ™,

where P, T, F , F, denote the projectile, target and
the two fragments resulting from the projectile breakup.
The transfer cross section for a F (Z;,Nj)cluster is gi-
ven by the fragmentation probability of the projectile

F e e
(yPi ) multiplied by the capture probability o (F; ,T):

o (F)) = Kyl - o (F;,T), (1)

where K is a normalization factor.
The fragmentation probability is given by the Fried-
man model /8/;:
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where p =v2m EL (m, is the reduced mass of the two
Fj r—Ss r

fragments and Eé represents the separation energy of the

fragment F; from the projectile) and the cutoff radius

of the cluster internal wave functions Ve = 1.2A1F,/3 fm.
i

SFi is the spectroscopic factor which represents the

relative probability for finding together the necessary
protons and neutrons which must be removed from the pro-
jectile to produce the fragment/S/. In the case of un-
stable particles as, e.g.,"He , 7 He, 5Li ,8Be, 8Be, a se-
cond fragmentation was taken into account multiplying

F.
yP1 by the corresponding spectroscopic factor S’Fi.

The capture probability was calculated in the semi-
classical approximation by integrating over the energies
of the fragment:

9 Emax Ve, » T
9% ¥ ,T) = nRp [ (1~ ~—t—-) B, (3)
1
o VR T
Here nRp is the geometrical cross section with RFi =
1/3 1/3

= 1,22 (A_Fi + A'g ).VFi T is the Coulomb barrier and

Ejaxis the maximum energy of the fragment as determined
by the projectile energy (Ep ) the separation energy of

F
the fragment ESi and the Qp, -value for the reaction in
which the fragment is captured by the target:

P
E L ax =[mT/(mP+mT)].x Ep+ Esi + QF, .

The Coulomb barrier was calculated in the touching sphere
approximation

Zy, Zne? .
1/3l - 1/3 (&)
= r A + A
Ve T (A T )
Z eZ2 : . . .
—— . for protons . )
r A1/3 . d o
¢c T
.where *
1.81 fm for protons (5)

4
Fe= ) 2.452-0.408 log,, (Z,F“i Z ) for "He
2.0337 - 0.2412 log; (Zy, Z7p) S
S (Zp, Z g < 500) .
was taken from the existing systematics’/9/, SR
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As the transfer products result in an excited state,
the primary distribution is modified by neutron emission,
This fact is taken into account by inserting into eq.(l)
a depletion factor:

D=1-3%f,, (6)

where f =[, AT, + TPI™ is the emission probability
of the m -th neutron and is calculated by using the empi-
rical formula of Sikkeland et al./ 19/ for r, /.

A "feeding" factor taking into account the population
of a given isotope by neutron emission from higher mass
isotopes was also introduced in eq.(1).

A constant ratio I} /I, was assumed over the whole
range of excitation energies.

The consideration of the detailed energy distribu-
tion of the fragment and the corresponding excitation
energies shows a tremendous variation of the I', /T, ratio
over the spectrum but does not change drasticailynthe
overall isotope distribution.

However such an estimation and of course a detailed
calculation of the fission barriers for various isotopes
will be taken into account in a further analysis.

The predictions of the model have been com ared to the
recent measurements performed at GSI and LBL /23 for
the multinucleon transfer reactions produced byle(),lso ’
22Ne and %8Ca on ®°%Es at E/A ~ 4.5 MeV/u. By conside-
ring that 255-257 pp, isotopes are produced by 173H cap-
ture and the ?%3:254 Fp are only the result of neutron
emission the isotopic yields were calculated as shown
above. The separation energies as well as Q-values have
been calculated by using the existing tables’/1V The nor-
malization factor is determined for proton transfer and
is unique for a given system. Similarly, 296-28lyg iso-
topes correspond to the capture of 27 He fragments while
254,255 Md result from their deexcitation by neutron emis-
sion. Large clusters as 3-8 1i and %4"9 Be are associated
with the formation of the 257-282Np and 258-283 L, whose
neutron emission leads to ?294:255,258 No and 256,257 Lr,

The results for the studied systems are shown on
figs.1-4,

The theoretical predictions follow the general trend
of the isotopic yields and give values quite close to the
experimental ones.

We should mention that larger discrepancies are ob-
served for 261 Mq ,260-202 N, 281-2831, whose cross sec-
tions are obtained by extrapolating the measured isoto-
pic distributions/¥
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Fig.l1. Comparison of
measured (black points)
and calculated (open
points) isotopic cross
sections for the

98 MeV 189 on 2B4pg,
Black squares repre-
sent the values obtai-
ned by extrapolating
the experimental dis-
tribution.

Fig.2. Same as in
fig.1 but for 126 MeV
22Ne on 24,

-
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In trying to apply the model in the case of 238y +
+ 288y /12t resulted that the primary isotopic distri-
bution itself, not corrected for neutron emission fol-
lows the experimental one.
‘'To summarize, the conclusions are following:

I. Multinucleon transfer cross sections for heavy
actinides are well described by considering that the re-
action occurs by projectile fragmentation and subsequent
capture of the fragment by the target. The depletion of
the initial states by neutron emission must be taken in-

to account.
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2. The model could be extended to predict multinucleon
transfer cross sections for various nuclei with a proper
estimation of neutron emission.

We would like to thank Prof. V,V.Volkov, Drs. M.Husso-
nois and O.Constantinescu for very valuable discussions
and useful suggestions.
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