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POLARIZATION MEASUREMENT IN A HEAVY-ION INDUCED 

TRANSFER REACTION 

P.Roussel 

Institut de Physique Nucléaire, BP n°l, 91406 Orsay, FRANCE 

This study has been performed at the M.P. tandem in Orsay and the 

following physicists have participated to all or part of it : M. BERNAS, 

F. DIAF, B. FABBR0, F. NAULIN, A.D. PANAGIOTOU*, E. PLAGNOL, F. P0UGHE0N, 

G. ROTBARD, P. ROUSSEL, M. ROÏ-STEPHAN. 

At first, a few informations will be given about the H.P. tandem in 

Orsay and its experimental equipments. 

It has been noted by W.E.WECNER in the conclusions of the second 

"International Conference on Electrostatic Accelerator Technology",heId in 

Strasbourg in May 1977 (I), that "MP 9 in Orsay with its operating record of 

almost 40% of its running time between 12.5 and 13 MV is indeed impressive" ! 

A large variety of ions are produced from three types of sources : Duoplas-

matron, Penning, Sputtering. Among the heavy ions one may note C, Fe and 

a 12 nA Ca beam at 166 MeV obtained from CaH". A mechanical (laddertron) 

charge transport is now being installed in place of the belt, and in the same 

time, a second stripper is being set at an intermediate section of the high 

energy part of the tube. Another feature of the Orsay tandem is that, among 

the different experimental lines (2)(3), three are equipped with a system 

using a magnetic analysis : i) a triplet of quadrupole lenses set at 0° of 

the beam, for particle-particle or particle-gamma correlations, ii) a split-

pole spectrograph, mainly used for high resolution light particle experiments, 

iii) an index (n=l/2) spectrograph, mainly used for heavy-ion experiments. 

'Permanent address : University of Athenas, Nuclear Physics Lab. 
104 Solonos Street, Athènes 144 (Greece). 
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Details concerning the machine, the experimental set up and the physics per
formed at the tandem from 1974 to 1978 can be found in ref.(3). 

For the present experiment (its last developments rather ) a device 
has been used for the reconstitution of H.I, trajectories in the focal space 
of a magnetic spectrometer. Since this is now published elsewhere (4), it will 
just be said here that it is based on the use of two gas counters and that it 
allows both the use of a large solid angle C^5msr) and a good angular accu
racy (68^0.3° for 0 ions at 68 MeV), hence a good energy resolution. 

The experiment and its aims (5) (6) (7) 

What has been studied is the polarization of the residual nucleus 
2 0Ne in the a transfer reaction 1 6(K 1 60, 1 2C) 2 0Ne* at 68 and 90 MeV. This 
polarization has been deduced from correlation measurements between C and 
one of the products (a or 0) of the subsequent decay of Ne " : 

, 6 0 < 1 6 0 , W 
->Ct + 1 60 

J* - 0 + 0 + 0 + / 0 + 0 + 

The spins of the involved particles have been indicated because, 
since they are all but one zero, the correlation function W(6,*?), i.e. the 

12 I ft 
coincidence rate between C and the 0 (or a) detected in a direction e,c, 

takes a simple form : 

(0 w(e^)=2111 Ç P^(-)meim^dJo(e)|2 

where p. are the components of the polarization tensor which describes the 
J 20 f state of Ne ' (these components are related to the same frame of reference 

as the one used to determine 9 and <°) and d are the reduced elements of 
mo 

the rotation matrix. 
Let us note tnat the p.'s are a function of 9 , the detection angle 

12 J . 20 . c 

of C, since the state of polarization of Ne, which they describe, usually 
depends on 8 . 
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The p. are normalized to the unity £|p-| = ' and are related Uo 

the transition amplitude and to the cross section by the relations 

(2) da and dfi ra içr (3) 

It appears then that the measurement of W(6,v=>) after that of 
do 
dS2 

leads to a deeper knowledge of the reaction mechanism since the cross sec

tion depends on the sum of squarrcd modulus, whereas the correlation depends 

on the p.'s amplitudes and phases. 

Experimental arrangement 

12 

A magnet is used on the C side while a Position Sensitive Detector 

(P.S.D.) measure the position and energy of the coincident 0 (or a) (fig.l). 

The P.S.D can be set either in or perpendicular to the reaction plane. 

12 
gos counters — Sc ond E for C 

16, 
16, 

0 targe! 

beam 

P.S.D 

' 2 C \ 

' \ 0 faraday cup 

if for I G0(orcC) 

F-tg./. Sc.he.mo. o$ the expeJU.me.ntaZ Aet-up and Ac.he.me ofi the. kinemattci. The 
v'i aJie. In tilt 20Ne center. o$ man ; the V'A am In the tab. 
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Results concerning the primary reaction : Q( 0, C) Ne 

200 

12 
On the C spectrum, shown on fig.2, it is seen that the most popu-

20 
lated levels in Ne are 

those known to have a large 

overlap witli ot+ 0. For the 

high excitation energy part 

of the spectrum, the high 

spin states are enhanced. 

This is even more true at 

90 MeV (not shown). The an

gular distributions shovm 

on fig.3 are well reproduced 

by DWBA calculations using 

standard potentials (5). 

The full and dotted lines 

correspond to two different 

(0.4 and 1.5 MeV) Ï binding 

energies. Good a relative 

spectroscopic factors are 

found for the prominent 

peaks (from 0 to 6 ) . It 

is concluded that the reac-

t'lon proceeds mainly through 

a direct a transfer. 

72 V4.Q.Î. C uwigij ipe.c£ium 

Tig.3. AnguXat diit'vibwtiom 
and DWBA &Ui. 
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Results for the correlation measurements 

1 

The correlations have been studied for the levels at 7.17 MeV (3 ), 

8.45 MeV (5~) and 8.78 HeV (6 +). At a given angle, i.e. for a given window 

set on the angle spectrum (see ref.(4)), the raw data consist in the bidi-

mensional spectrum PSE 

(position,energy) of the 

coincident 0 (or a) de

tected in the P.S.D. 

Fig.4 examplifies the dis

play of such a spectrum. 

From this spectrum can be 

determined the correlation 

W(e,*>), with 6 = IT/2, V> 

variable if the P.S.D is 

set in the reaction plane; 

with 8 variable, >•"->.-

recoil if the P.S.D is set 

in the perpendicular plane. 

This is shown on fig.5 

where the dotted lines 

correspond to the fit 

with formula (1) obtained 
2 

from a X procedure which 

provides the populat?.on 

amplitudes p.. 

Taking account of the 

symmetry properties of p., 

2j real parameters are de

duced from a correlation 

for a level of spin j. 

However, for a quantiza

tion axis (Oy) perpendi

cular lo the reaction 

plane, it appears that 

the populations are concen-

F-ÛJ.4. An zxmnple. o& the poiition-zuzngy bldi-
mzmlonai diiplay c>$ thz calncidznt le0 
deXtctzd In tivi PSV. 

0.40 M r e"c.t7.5' Q/ -

X] fl mV 
0.20 r w • 

1 1 1 

0.40 • 

a'.5M«V(5-| 
9 l a C . I 7 ' 5 

0.20 1 A .. JL m 
30 60 90 120 OC, 

F-tg.5. ConJiQJLtvbLon fiioictloni in the tzacticn 
ptane. li&^t) and In a pcipziidiaiia'L 
plane l/Ught). 
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tratcd only on the two extreme values m = j and m=-j, and in fact mainly on 

one of them. 

This is shown on figs.6 and 7 where the polarization, P= jp. | , 

and the alignment, A = J p.| + |p.J| , are plotted versus the C angle for 

the three studied levels. All levels are found strongly aligned and polarized 

along this axis perpendicular to the reaction plane. It is only at very small 
12 
C angles that P and A decrease towards the limit value L.F. (Litherland and 

Ferguson), independent of the mechanism, at 0°. 

0 75 1 F t ' ' 
0.50 7I7MAM3— 

Lf P «.-»,., 
025 

i l ' l l ' l 
on ' 1 • 
0 9 0 6.79 MeV (6 * ) 

025 •LF »I«II«K«*W 

t <l t t 

t f 

8 79MeV (6*) 

Fx.g.6. Aitgu&w. diAtfUbtitLu* 
o&the. po-uvUzatton. 

Ftg.7. AnQutan. dL&tnibwtiûn 
of, the. atignmiLtvt. 

Analysis 

The present experimental results have been compared both to the pre

dictions of different rodeIs and to th; experimental results obtained when 
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the same Ne levels were, populated by ths ( Li,t) reaction (8). 

In the semi-classical model, one considers that all the fragments 
(incident, transferred and exit) move in the common plane of their centers 
of mass. This leads to a transferred angular momentum perpendicular to the 
reaction plane and along one direction or the opposit one, depending on 
whether the trajectories have a positive or negative deflection angle. There
fore, the resulting alignment is 1.00, and the polarization is found between 
0.50 and 1.00 depending on the admixture of trajectories with positive and 
negative deflection angles. Although crude, this model appears to be able to 
reproduce both the observed alignment and polarization. 

-a -s 

a 

In the single partial wave model (S.P.M.) it is assumed that only 
one partial wave contributes in the incident channel (.&:), and in the exit 
channel (if). This model introduces in a simplified and drastic way the i -

localisation found in the interaction of strongly absorptive particles. i-

is taken equal to the incident grazing partial wave. if is taken equal to the 
exit grazing partial wave, if this value lies in the allowed range from 
(2.J.-J) to (S-i + j) , or to the closest allowed one if not. With %c = l . ±j 

(the actual value of I . is 
close to if-i) the S.P.M. 
model reproduces well the 
cross section and the ali
gnment (fig.8) but it can
not reproduce the polari
zation since it always 
predicts |p™| = |yT m| . 

In the Distorted wave 

UQ.S. Compendium o& the. zxpvUmejvtaZ alignment B o r n Approximation (D-W.), 
witli tiie. pKcdicXioni o& the. iin'jle. partial a finite range code has 
wave mode.1. 

been used with two sets of 
optical model parameters : a standard one (5) and a highly absorptive one (9) 
which was shown (9) to be able to increase both the predicted alignement and 

0.75 

0.4& 
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mental value.*. 

polarization. Only the second 
one accounts well for the align
ment but its predicted polariza
tion is still too low (fig.9). 
It is not likely that another po
tential, compatible with the 
elastic scattering, can fit the 
polarization but it has to be 
further explored. 

In both the spectator ejec-
tile model and in the plane wave 
(P.W.) model, the same result is 
predicted : a population of the 
m= 0 state only, but with a quan
tization axis along the recoil di
rection (this do not depend on 
the reaction). The rotation of 
the reference frame is necessary 
before comparison to the other 
models and the result is given 
in table I. 

What was found (8) in the ( Li,t) reaction was a dominant population 
of the m= 0 state on an axis of quantization close to the recoil direction. 
A standard DWBA calculation could reproduce this result which corresponds, 
on an axis of quantisation perpendicular to the reaction plane, to the same 
polarization and alignment as the P.W. predictions. 

The test of the different, nodels and the comparison of the two expe
riments are presented in table I where the alignments and polarizalions are 
given for the 6 level at 8.78 MeV and for an angle close to the grazing one. 
Apart from the crude semi classical model, no model is able to reproduce both 
the polarization and the alignment experimentally observed. 
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Table I 

Summary of the results shown on the example of the 6 state 
at 8.78 MeV, at the grazing angle. 

Polarization Alignment 
1 6 I 2 |P6I 1 012̂ 1 -6,2 |P6I + |P 6 1 

r Enperiment 0.85 0.90 

Semi-classical model 0.50 to 1.00 1.00 

Single partial wave 0.45 0.90 

'WV^e J model l c - I. - i 
X 1 J 

Distorted normal 0.53 0.56 
waves highly 

absorptive 0.70 0.90 

Spectator ejectile or 
Plane Waves 

\ 

l6O(7Li,t)20Ne -l Distorted waves 
Experiment 

• ^0.22 ^0.45 



Conclusion 

This study has shown that polarization measurements do bring infor
mation on the reaction mechanism. It seems that some part of the mechanism 
is different for an a transfer occuring from a light and a heavy projectile. 
Different hypothesis can be seen as being at the origin of this difference : 
i) orbit polarization phenomenon as studied by G.Delic and N.K.Glcndenning 
(10) ; ii) Coulomb excitation or reorientation in the exit channel as sugges
ted by W.E.Frahn (II) ; iii) necessity to treat the full three body aspect 
I ft 1 ? ( 0+ C+a) of the problem (12). Further experimental studies are needed 

(different incoming and exit systems, different incident energies) to decide 
which of those hypothesis (they are not in fact completely independent one 
fr~Ti each other) is the correct one. 
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