


1. Introduction

Ihe Tescbion mechanism of deep inmelastic heavy ilon collisions
{DIC) can be further explored by investigating the orientation
properties of the reaction products, which for a given intrinsic
spin I may be specified by the expection values (ensemble aver-—
age) of & complete set of 2T spherical tensor operators. In par-
ticular, extended information on ¥he lowest moments of the frag~
ment spin, e.g., the vector polarization and The aligoment, would
lead to a more deteiled understanding of the process of angular
momentum dissipsation. But the determination of the nuclear orien-
tation from observing the angular distribution, smgular correla-
tion or polarization of the subsequent radiation, emitted from
the decaying system, encounters considerable experimental diffl-
culties. So, up %ill now onity few measurements of the alignment
or the sign ané the degree of the fragment polarization have

been repcrted for DIC.

In the reaction 4OA:l:'(EEBﬂl- MeV and 30% MeV) + Ag Trautmenn et alj)

determine +he circular polarizstion of y-Rays emitted from both
products as a function of the kinetic energy loss. For guasi-
elastic amd deep inelastic events the sign of the polarization
turned out to be opposite, In the deep inelastic region the pola-
rization was directed along the axis 'Ei X_l;f, where -J;i and E’f
denote the incoming and ougoing wave vector, respectively.

The polarization of the projectile-like fragment bhas been deduced
by Takehashi et a1?’ for the reactiom 100, (145, 12p) 10%ky,
Brap = 90 MeV, 125 MeV, and 200 MeV &b definite reaction emgles.
In this specific ceollision the polerization follows from the
anisotropy of O-reys emitted in the B-decay of the 125 grourd
state (1" = 1%, 1,5 = 20,3 ms, Bgpg, = 1344 MeV), Selecting
certain repions of the kinetic energy spectra of 1 by e range-
-energy method, & systematic trend in the @~value dependence of
the polarization has been observeds (i) In the quasielastic paxt
of the spectrum an apprecizble amount of polarization (up to
about 500/0) ig detected. The degree of polarizabion deci‘éé.ses
for decreasing Q-value with a change in sign from negative to
positive near the Coulomb energy. (ii) In the deep inelastic



reglon the degree of polarization remains asmali, never exceeding
150/0. The behaviour of the polarization as a function of g de-
pends on the bombarding énergy. For incident energies of 125 MeV
and 200 MeV the polarization chenges the sign again, beconing
negative for Q&£ - 70 MeV, while for ELs.'b = 90 MeV vhe polariza-
tion stays abt positive values in the whole measured range of g~
velues below Q ~ - 25 NMeV. From complementary measurements for
the reaction 1'W(129 MeV) + 232Mh Teksnasni st a1 3 cbtained a -
Dositive polarizstion (up to szbout 20°/0) in a broad range of
low Q-values between - 40 MeV ang - 90 Mev,

Several attempts have beern made +o give an at least qualitative
interpretetion of the characteristic features of the Tolariza-—
tion deta on heavy ion reactions. in a more general considera-
tion Ellisq) discussed the polarization bhepomena by employing
the formal expression for the transition amplitude, In order to
£ind simple formula the agymptotic forme of the Clebsch~Gordan
coefficients involved as well as a barsmetrization of the matrix
element in the l-space have been introduced. The spplicabalaty
of the rodel for transfer resctions has been demonstrated by
comparing with exact DWBA~calculations, Furthermore, particular
models have been used to explain speeific observations, For large
Q-values (quasielastic region) the polarization data can be under-
sbtood in terms of the kinematical matching conditions for a
direct two-particle tramsfer mechenism as suggested by Brink5)
and pointed out in refs,S»?) for the reaction 100Mo(q$N,1EB).

In the deep inelastic reglon the sign of the measured polariza~
tlon is consistent with the rredictions of the macroscoepic fric-
tion models). But the amount of Pelarization found in the expe-~
riments of Takehashi et al. are far below the classical 1limit, In
& recent paper, Dinnweber and Harbmann emphasized the impor-
tance of the dispersion around the mean classical path for this
strcﬁg depolerization, ‘This effect was discussed by oxXpressing
the polarization observed for certain values of reazction angle
end energy loss in terms of the corresponding cross sections for
positive amd negative deflection, the angular spreading of which
is paremetrized in Gaussian form.

The specizl aim of this note is to consider guantitatively the
importance of statistical fluctuations and correlations in the
collective varisbles of the relative motion for the fragment
depolarization in the Fremework of the statistical theory of
Eofmenn and Siemens)C and a c¢lasgical friection model11) with
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friction paramevers adjusted %o independent experimental data.

In accordance with this MECTOSCOPLC picture the polarization for
given reaction angle and Q-value is ecslculated from the partial
double dirferential cross sections for positive and negsbive
angle scattering, as already suggested in ref. . Numerical
caleulations have been performed for‘thequ‘indnced reactionsy

in which the polarizsticn or The ffégment 125 has been neasured
by the Japsnese grouds 1hese experiments (mainly on a non-symme-—
trical light system) project on a final situation, whick from

the point of view of a macroscopic model with statistical fluctua-
tions should be regarded gs some extreme case: transter of tw
particles, zeroc excitation energy end low spin of the projectile-
~1like fragment. So,one cannot expect a complete interpretation

of all experimentsl d:tails by such calculations. Buf a compari-
son of the theoretical predictions with the polarization obserwed
for different terget-projectile combinations, as & function of -
the incident energy and the g-velue, shoutd give some insight to
what an extent the basic features of the phencmens, &s derived
from a classical friction model including atatisticel fluctuations
of the deflection smgle and kinetic energy,are reflected in the
experimental data available. Moreover one can draw concluslions

on the importamce of furvher depolarizaticn mechanisms as stabis-
ticel fluctuations of_tné transferred angular mnmentum12’13'14)
as well as the menifestatiom of quental fluctuations, which
should be of importance for the excitation of discrete lowlying
fragment states.

5, (Clesgical Friction Model and Polarization.

We treat the heavy ijon reection within & two-—dimensicnal rricticn
modelﬁq) with polar coordinates R,g‘ as collective verisbles
for The velative motion of both nueclei. A1l beasic quantities of
the mogel are described in ref., "), For the reaction urder

discussion we use the values

E.R = 45.0 fo/c LeV ag = 0384879 /e Mev (1)

for the radizl ond tangentisal 1riction strengths,fanc in eagition
we neglect the deformatlon emergy (m'= 0)e rhis choice of pareme-
ters has been talken for the following reasoné:

1) ‘The parame ters (1) fit very well the fusion cross sections in
a broad rzamge of targe t-projectile combinations, because they
have been calculated according to the empirical relation between



vhese quantities as introduced in 11, Particularly, for vhe
reactions ‘4w + '1O§Rh, Blab = 81 MeV and B = 121 Mev, i.e.,

for a gsimilar targe 5—projectile copbination at comparsble incident
eénergies as discussed in the rresent paper, the theoretical values
of the critical angular momentum for fusion 15? = 39 and 51 are
in excellent agreement with lgﬁp = 40 I, ena 52 £ 5 geduced from
experimertal date by Galin et al.19),

(ii) 1%e parsmesers (1) reproduce the double humped shape of the
eXperimental kinetic emergy spectrum in the reaction 1”1\1(125 Mev)
+ 100Mo with two pesks at § = -20 eV and Q& - 40 lieV corre-
sponding to predominent positive and negative angle scattering,
respectively (see fig, 1). lhne theoretical doudble differential
Cross section 526" /46 4Q is calculated as described in rer,19)
but neglecting vhe mass diffusion because the mass transport as
approximately considered in 16) does not influence the statistical
fluctuations of the relative moticon.

(1ii) The friction constants (1) give an apprecisble emcunt of
angular momentum transferred from relative to intrinesic motion,
which is close. to the sticking limit for rigid rotation of the
double nuclear system.
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Fige 1 Measured and calculated energy spectrum of 125 as
function of the reaction @value for the reaction
(125 Hev) + 10 4p - B, = 2%
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in a classicsl picture the dissipated angular momentum is oriented
perpendicular to the reactlon plane, and in vhe final state both
primary fragments are completely volarzzed with equal éign. But
the polerization differs in sign for scatbering events from oDpoO-
site sides of the interaction reglon. Witn the convention that
che polarization is positive if it is directed slong E; x'ﬁ} N
one has positive (negabive) polarization for positive (negative )
angle scatbtering. Consequently, from this classical picture for
a given Teaction angle one expects complete' positive {(negative)
polarization for evenbs with small (high) energy losse. Lf ste.tj.s—'
t1cal fluctuations inm she collective variables occur because of
a coupling of the rolakive motion to intrinsic excitations tThe
degree of polarizetion for given © and @ can go below 100%/0,
prelated to vhe relative contwibubions of positive (G (+ 8 ,Q))
and negative eangle scatiering (6\-6,q)) to the double drffer-
ential cross section d§/d8dR
426
de 48

= 6-('1' 9’ a) + O—("@, a) r (2)

6(0,0) ~ 68 Q)

5(+0,Q) +6(-6,9) t3)
For a given scattering angle the polarization ¥ as a function
of Q chenges from P = + 1 for high Qevalues to P = ~ 1 for low
g-values, with a vapishing polarization for those regions of the
kinetic energa spectrum, in which equal numbers of particies are
reaching the detector Irom both sides of the interaction region.
So, vhe position and The range of the Q~value, in which the
tpansition from P = + 1 to P = - 1 ocours reflects the fluctua-
tions and correlation in emergy and augle, inherent in the colli-
sion model .

Ple,Q) =

a4
%, Folarization in vhe Reaction N+ 1005 ana Thy 4 232mn

The systematic dependence of Lhe polarization on reaction angle
and energy loss is demonstrated for the reaction 1“‘1\1(200 MeV)

+ 1001!410 in fig. 2. Deviatioms from & complete polarization
appear only for reaction angles ® 5 »0°%. As a function of

the polarization for lerge (small) Q~values remains posibive
(negative) at all reaction angles, while for a medium energy
loss The polarization changes from positive to negative sign

at B % 40°, The range of Q-values in which the polarization as



funebion of Qgoes from P = + 1 to b = — 1 depends on vhe reac-
tion angle, beeing rather narrow for large deflection,
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Pig. 3. Deflection angle €@ calculated as function of initial
relafive angular momentum J_i for the resction 1OOMO
%, "28) ab airrerent incident erergies E. Shadowed
areas: centre of mass angle region correspending to
detector positions in the laboratory system of 200, 25
and 207, reSpectlvely, rezlized in the experiment, ''he
Q-values calculated for the relevant partial weves are
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1he chenge ir the direction of the experimental polarlzatlon
(cf. fige 5) as the incidernt energy in the reaction 1w + 1%
is roised from 9U eV bo 125 MeV or 20C MeV can be explained
already froum the daflection functions shown in fig. 3. the
angular renge detected in the experiment is markes by shadowed
areas. 'he main contribution to vhe double difterential cross
section results from partial waves in vhe regron, where The
deflection function crosses vhese shadowed aresas. With These
partial waves definite @-values are connected, which belong to
vhe maximum in ohe kinetic energy spectrum or 12}3. vhe Q-values
Q =- 20 MeV, - o0 EeV, and -~ 110 MeV obtained in The friction
moael for tne incidunt emergies 90 MeV, 12y MeV, and 20C eV,
respectively, agree reasonadly well with the maximum 1n the
experimental. spectra at § = - 25 MeV, - 5> KeV, and - S0 MeV,
respectively. In this region of the spectrum the sign of the
polarizabion should be positive (negative), if the deflection
funcblon crosses the intervell of desection mmgles for positive
(negative) reaction angles. So, from fig. 2 one expects positive
polarizabion for 90 keV incident energy, bub negative polarizé~
tion for 125 eV and 200 MeV, in agreement with The measuremenbs
(see fig. 5), rhe same situation as for T H + 1OOM0 at

By, = 90 MeV holds for "N (129 Mev) + 252)1, as can be deduced
from figs. 4 snd 6.
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Fige 4.Deflection sngle © caleulated as function of initial

relatlve sngular momentum 1 for the reaction
H(129 WeV) + SO%uh.
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Fig,6. Measured and .
calculated polariza-
tion P as function of
Q=value for the regcw
tion N(129 MeV) +
232Th at an obgerva-
tion angle @ = 30°,
The dashed curve is
calculated by taking
into account the fluc-
tuation in energy and
angle, but negleoting
their correlation. The
theoretical curves are
normmslized with a fac-
tor of 1/4.
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rhe polarization calculated at 2 ceriain decvection angle as a
function of Q is compared with The experimental data for

Wy 4 Mo in fig. 5 and for 1N + “7°0h in fig. 6. While the
region of @-values in which whe polarization vanishes is well
reproduced in all ceses, it is obvious, shat the friction model
ig rar from reproducing the small meximun polarization. 1he
dashed curve 1n fig. o refers to a calcwlavion, in which the
fiuctuations 1n smerzy loss ana deflectzon engle are taken 1nto
account, while 5ne energy-angle correlation is neglected. Disre-~
garding tue cor~lr tion efrects weakens the agreement with experi-
ment ¥ &= 0 is wredicced for too small Q-values.

4, Conglusiong

A classicsel friction model including statistical fluctuations and
correlations is insufficient to inverprete sll observed features
of the ground sbtabte polarization of the light fragment in the
reactions 100}&'{0(14121, 1213) ang 2?%(1431, 1213). While the sign of
the polarization in the meximum of The '123 spectrum and the ramge
of Q-values, in which vne directaons of toe pelarization changes,
are predicted correctly, tne calculated degree or Tne polariza-—
tion by far exceeds the measured data, From these resulcvs ong can
concluae that sne mean characteristics of the collasion &5 well
as tpe flucbuations and correlations in energy loss end angle

are sabtisfactorily descraibed within macroscopic model, but a
more devailed sneory of Tthne smgular momentum dissipation in DIC
shoulu pe necessary to explain the orientation phenomena in The
reagctions discussed in bhis papers
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