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Particle correlation studies and mass measurcments on exoiic nuclel

PREURCELT Sl m e 1 L LIRA 2

P. ROUSSEL

Institut de Phys:fqun Nucléaire, BP 1°1, 91406 Drsay, France

This talk will be obout two heavy-ion exporiments performed at thec
tandem P in Orsay and which both used a similar experimental setting
based on @ magnetic spectrometer. Of cairse they are not the only HI expe-
riments performed on the tandem, even with the spectrometer, aven with the
physicists who were involved into these experiments (at a time or ns &
leading participant) and who are : M. BERNAS, C. DETRAZ, F. DIAF, R.FABBRD,
E. KASHY, M. LANGEVIN, F. NAULIN, A.D. PANAGIOTOU, E. PLAGNDL, F.PDUGHEDN,
6. ROTBARD, P. ROUSSEL, M. ROY-STEPHAN, B. SAGHAI, J. VERNDTTE.

I. EXPERIMENTAL SETTING.

Ite spectrometer 1s a 180° magnet, with a mean radius of 700 wm, a
gap at the mean radius of 70 mm and with a mechanical width of thz pele
picces of 300 mm. Its index is 1/2 and it may be recalled that this index
brings the ‘double focusing property of tha magnet : in the symmetrical
pasition, tihe image and object distances are rO/’E/tg(n/zEqusa wwn i

" both vertical and horizontal planes. The span of analysed mementum 1Is #5%

the anpalar admittance is 4.5° x #1.5° (vertical). The encrgy resolution
is E/AE~ 2000 for an horizontal opaning of £2.5°. The kinematical correc-
tion can be achieved by @ mechanical increase of both object ond image

distances up to a correction of K ‘nip'%%o = 0.5%/° i.e. % .30

Equipment of the focal space.

It is Lased on the use of goz cnunters. (1)(2) the main features of
which are as fullows {fig.1) : they are single wire proportioral counters
using the charge divisinn mcthed. The central wire has a dizmeter of 13p
arkl & resistance of ~ A0/cn. The advantage of such a law recistance ie

that the carbon 4ilding on ihe wire {dua to Lhe cracking of the goz) may




alter tha energy response of Lhoe caunter but not the position ano. The
counters are filled uitl\ pure propans at o pressure from 20 Torr to 70
Torr, ond are used with @ high voltage of ~ 85D V for the whole spon of
prassures. Dn fig.2 is given an energy spectra for the use at 70 Torr.

When E.vents produced with a very low cross-section are to be iden-
tified among millions of other ones, }ike in tho search for exotic nucloi,
a yedondant measurement of the paramcters is needed. Two identical counters
{working at 70 Torr) aro then put togethar and associated to on array of
position sensitive detectors in the focal space of the magnet (fig.3).

Recanstitution of heavy ion trajectorieg in a magnetic spectrometer.

In many cifcnnstances, it is necessary to hove both a large splid
angle and a precise knowledge of the reaction angle. If two position mea-
surements are made {one at least being in the image space of the mognet)
it is possible to determine the two parameters which caracterize the tro-
Jectory coming from a point object : the angle 8 and the magnetic rigidity
Bp x The two gaz countors are separated aport as indicated in fig.4. To
reduce the angular spreading in the first counter from multiple scattering,
its thickness has been reduced by the use of thinner windows (400 pg/cm?,
+ 100 ug/em?) and a lower pressure of the gaz (70 Torr + 20 Torr). The
vertical arrangement is shown on fig.5. With this geometry, the vertical
spread of fhe trajectorica at the place of the two counters is well con-
troled since they correspond to the image of the beam spot on the target
and af the eﬁtrance slits. A further advantage is that it allows for a
reasonably good time -pick-off on the first counter (low pressure, concen-
tration of the trajectories near the wirel.

For a magnet with an index, the trajectories corresponding to the
same incidence 6 but with different Bp are focussed on 2 virtual point

’\I:I.th three position meosurements (onc of them being in the object spacec
of the magnet) it would he possible, in principle, to determine ‘these
two parameters even with a finite beam emittance by the use of appro-

priate conditions for the focussing of the beam.
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imoge Iv os shown on fig.6. Taking advantoge of tha constant angular magni-
Tication 1=1, the two positions x1 and Xz measured on the two counters
follow the relation :

)%- X1 = d/0 X1 + od (see fig.6)

from which ® can be extracted

B‘*)% -a X, with a = 1+d/D

It can be shown thét the abscissa of the intercept of a trajectory with a
focal plane (usually a displaced focal plane due to the kinematical fac-
2ta

tor) not parallel toc the counters (see fig.4) iz given by "Bp"zm +C
1

where a, b, . are the constants which define the position of the focal
plane.

Some re;ults obtained with this device are shown on fig.7 to 10. On
fig.10, it is interesting to note that the peaks (e.g. at channol ~ 130
or 160) which are narrow on part b)} with a small angular aperture, and
broad on part a))with the full angle range,correspond to reactions with a
different kinematical factor, hence to the (180.”'(3) reaction on different
target nuclei (12C backing or 2551 present in the target mades with S:,l_cl).

To summarize the performances which have besn found with the present
device let us say that two AE measurements are made,the first one with an
accuracy of 10 to 12’.,tha second one with 5 to 6% A time signal is deli~
vered with At <20 ns. The a_ngle measurement is made at 0.3° (FWHM) for a
full aperture of 5.2° (this c;uld be easily increased) and a solid angle

~ 5 msr.

To indicate the possible extension of the use of this device to
heavier ions, we have shown on table I the angular straggling 66° for dif-
ferent ions on the present (thin) counter (300 ug) and for a counter
three times thinner (foils and gaz pressura). These figures, obtained fram
different mothods are only indicative. AE is 'the energy loss in bath the
gaz end tho foils, i.e. three times the enerpy loss in the gaz which is

actually used for the signal.
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I1. PARTICLE CORRELATION STURIES (sen (3) and [4) and_referencgs therein).

Tha aim of “he following experimants was to reach a deeper knowledge
of the reaction mechanism in tho case of a hecavy ion induced o transfer
reaction. Correlations experiments have been performed in order to measure
the polarisation of the residual nuclcus in the reaction 160l150.11ﬁ]20N

a*t 150 « Two types of polarisation could be expocted :

E"-b

(i) from a naive classical view of the reaction with all the fragmonts and

- the transfered o in the reaction plane, one would sxpect a polarisation

perpendicular to the reaction plane as the result of the orbiting a. Tra-
Jectories with positive and negative deflection angles would then corres-

pond to positive or negative polarization {m=+j or m= -1).

(ii) it can be shown that a plane wave calculation leads to the population
of a magnetic substate m=D on an axis of quantization along the recoil
axis (i.e. in the reaction planc). DWDA calculations as well as experimen-

tal results obtained with the [7L1,t) reaction leads to similar results.

It must be noted that predictions (1) and {ii) are not compatible
because (i) correspond to one vector among the many of those which are

necessary to represent the case (1i)

ﬂ\'-:) on on ayis

N

In this particular case where all the fragments ipvolved have a

¥ in the first
step of this‘sequc«n'tiul reaction, the correlation function w{8,§} measured
20 and either the o particle or the 50 is given by

spin¥ zero, with the only exception of the "residual® ZDNE

between the

o(0.¢) = |2 p}'(-n"' a1 g r01]2 (3

where all the information on the mechanism 16 included in the components
p'; of the polarisation tensor which are normalized : l:lp?I2 =1.

This fermula is valid for any quantization axis but is simplifiad if
this axis is taken perpendicular to the reaction plane since the aclection

3
'
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rule (Bohr theorem) j - m=oven (natural parity states) spplies and reduces
the number of p';'s. ’

¥t 1s worth noting that if there is only one p?fﬂ:lp;‘lﬂ/ w is inde-
pendant of ¥: we). Jf |p7]2+ |p 2= 1, @ can be factorized w(0,{) = S(0) (),
In particular, 1f |p§|2+]p3"]2= 1, one Finds in Fhe remction plane:

o0, 8 = sin?dco) 11+ 2 |p][10}7] cost2s 4- ¢ @

It appears from {2) that the corrslation pattern is very sensitive to a
small admixtures of p-J if |:|'J| is the dominant term. For example :
[pglz-u.sw Ip;JI ~0.03 gives already a madulation of 30%.

It is important to note from formula (1) or {2) that ths exchange of
all the p:; by p-';" leavos the correlation unchonged and hence it is not
possible to measure the sign of the polarization (as could be expected
since the a has no spin).

The re'sults of a first experiment have already been published (4)
and will be just recalled : the levels of ZUNe known to have an a struc-
ture are preferentially excited (fig.41). DWBA calculations (fig.12} re-
produce reasonably well the angular distribution of the studied levels
(those with a large cross section and which dacay by en o emission) but

cannot account for the observed strong polerization along an axis perpen- H
diqular to the reaction plane (fig.13, table II). B

A new 'axper:lment has been performed in order to see how would evo-
luate the observed polarizatian with the 12C angle. The procedure of re- B
constitution,of trajectories has been used and tha angular distribution
of the polarization of 2%40 has been measured for B2 betwesn 5° and 21° . ;
and arownd 45° KBC_H.'NSD"). The scheme of the experiment is given on fig.14.

Two bidimensional spectra (E,P) from the position sensitive detector
(PSD} gated with signals selecting a given 2[.]Na level and a window on the !
calculated @ are shown on fig.15 and 16. On fig.17 appears the kinematical K
plot (corresponding to fig.16) which is nr:l:e;sary to build tha correlation
function as shown on fig.18.
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Tha analysis of the data 1s in progress and a preliminary reault is
piven on fig.18 for tha level ot 8.70 MoV 6%, It appears that the pnﬁlgla-
tion of the m=j magnetic substate stays very high on a wide span of “C
angles. The horizontal liné correspond to the plane wove prediction which,
on this axis of quantization (perpendicular to the reaction plona), should
not be very different from a DWBA prediction. All predictions must converge
at 8=0° on the indicated point (geometry II of Litherland and Ferguson) .

This preliminory result seems to confirm the already published one
and different interprotations will be attomted.

1I1. EXOTIC NUCLEI.

This paragraph will deal with experiments done on the MP tandem in
Orsay, in order to measure the mass excess of some light exotic auclel amnd
possibly the excitation energy of their first excited state by relative Q-

volue measurements. By exotic nuclei it is meant nuclei far from the sta-
bility line.

These measurements are to be compared with the predictions of mass
formulas which may differ, one from the other or as compared to the experi-
mental value, when one gaes further away from the stability line. Mass-

formulas can then be improved with such meosurement. i

. Tre experiments have all used a beam of 1DD 6" at 91 MeV with an

intensity between B0OO nA (Fm_-aday cup) and 30D nA. The latter to increase

the lifotime of the targets. Targets of “A1°D. enriched at 80% of 10D and

of 141: enriched at 80% have been used with thicknesses from 70 tp 120 m;/l:mz

resulting in an energy resolution from 80 to 100 keV.

The two experimental difficulties are i) to identify a few nuclei

. produced with very small cross-sections among millions of neighbouring ones

{elastic scattering for instance) and this requires redondant measurements
of tho different parareters which identify the nuclei s 11) to measure the
Q valuc of tha few well identified events, when the energy colibrotion is

obtained from different known reactions, usuolly with different kinematical

factors. :
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It has to be pointed out that thora is always some doubt that am
obsarved peak is not the ground stote but may correspond to an excited
state which could be favourcd by kinematicol matching conditions. Only
several converpgent arguments may lead to eliminate this possibility.

The experimental method is dotailed in ref.{%) and is based on the
use of the set of comnters shown on fig 3 . Two AE measuremenis are used
and two or three position measurements are necessory to eliminate events
with "wrong” trajectories. "Wrong® meaning for instance thay they have
suffered a scattering on the residual paz in the magnet chamber or (more
likely) during their path through the first parts of the set of counters.
Fig.290 srnws a E-AE map, cleaned in this way, obtained in the study of the
180(180 Nl 17F reaction in order to measure the 19N mass. Fig. 2 shows the
*"Bp* spectrum of ihe few 19N events together with that of two of the resc-
tions (among 4 10) which have been used to calibrate this spectrum.[r:? G]

-The measured mass : 15.81 ¥ 0,09 Mev is situated in the
vicinity of three predicted values at 16.27 Mev, 15,32 MeV and
16.35 MeV and the experimental error is much smaller than the

difference between these predictions,

The two other studied reactions are 18 (]'8 15 2]'O Lsee
réf.(7)J and 14{:("8 17 )150 [see ref.(B)J .

The 150 Be spectrum from the first one is shown on fig. (22)

together with the 150 spectrum obtained with an ordinary ZM' 3O

target with no 180. It is seen that it is the presence of

160 in the farget which do no permit a clear observation of excit-

ed states of 21

The measured G.S. mass 8.153 by 0.070 MeV is in good agreement

" with the only one previously published at 8.122 ¥ 0.075 Mev.




For the last studied reaction, fig.(22) shows the Bp
spectrum of the 14 events (50 nb/pr) identified as 17C.
The arrows A and B correspond to two predictions [(A) Jelley-
Cerny : modified shell model ; (B) Garvey—xelsonﬂ and the

arrow {C) corresponds to the threshold for the decay l7c —_—

16C + n, Since this rather inconclusive spectrum was obtained, A

the mass of 17

C has been measured by Nolen (Heidelberg-Michigan
S.U.) using the same reaction on 48ca which gives ten times
larger a cross-section. The G.S. mass was given at 21,023 and
an excited state was formed at 0,292 MeV. It appears then that
the strongesh peak at 21,300 * .070 in our spectrum could be
the excited level cbserved by Nolen et al. and predicted at

21.315.

To conclude, it can Se said that the use of the method
of reconstitution of trajectoires could bring an improvement
by the possible use of a larger solid angle and a better
occuracy in the calibration for measuring the mass of exotic

nuclei,
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Angular stragling in a gaz counter

of different L:avy ions

ion | énergie perte dispersion
incidente d'énergie | AE/E %] .agulaire
E HeV AE MeV &0°
Compteur de 300 ug
5% 1 1.5 22 | 0.
180 0:75 0.4 0.12
_Afca| s00 3.0 0.6 (0.012)
‘Kr 300 12,5 4. 0.1
1000 9.0 0.9 (0.03)
Compteur de 100 ug
AfCa| 100 2.5 2.5 (0.034)
300 1.5 0.5 (0.01)
500 1.0 0.2 {0.007)
¥ | 100 5.5 5.5 | 047
300 §.5 1.5 (0.06)
1000 3.0 0.3 (0.017)




Ex = 8.79 MeV J"=6 ’.

m=[-6|-4{-2 |0]2|4|6

01zc=17.5 (88 [ 3 f 1 [1f2[0 s

" g s
e A TP A i 2+

»20,5{90t 3] 1 {1]110{1 f

E, = 8.45 MoV =5 ;

m 5 f-3]-1]1{3|5 .
012g :

a7.5° | 56111 ]11] 3|1 ]z :

i

20.5° solz2lololz}]s :

TableIl. Populations Iprjnlz
of the different magnetic
substates on a guantization

axis perpendicular to the
reaction plone. ;“
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Figete

Fig.2.

Fig.3.

Fig.4.

Fig.5.

F1g.6.

Fig.7.

Fig.8.

Figure ceptions

Scheme of tha counter (ref.(1]).

1 12,20,
Enaréy. loss spectrum obtained in the study of the 80(160‘ C) Ne®
reaction at 68 MoV and at 9,2c=21°25. This spectrum was gated by
the signal from a PSO (10x50. mm?) behind the counter.

Scheme of the focal space of the magnet when used for the search
for exotic nuclel.

Scheme of the geometry used for the constitution of the spectra in
the disblaced focal plane. From the measured positions on the two

= = t d; laced plane
counters D1I"l x,| and lszr'l2 x2' the p?(rz,i_ggz;‘g in the displaced p

1
is given by : OM=0A, + ALA, T 7T A -+ °*

£ Rt AP R YDA, - Oy

General arrangement in the vertical plane. Four trajectories (1 to
4) grazing the beom spot edges on the tarpet and the edgs of the
slits have been visualized to illustrate the advantapges of this

arrangement. All distances are given in mm.

éeneral arrangement in the horizontal plone. The two counters 01X1
and DZXZ as well as the focal plane (along D1X1], have been assumed
to be perpendicular to the medium trajectory. The existence of the
virtual point image I, (see text) and the use of the value 1for the
angular magnification leads to the relation: Xz-X1~% X1 + 8.d from

which e-r)Lz "o X,| can be calculated.

Position spectra on the first and second counters for a narrow ope-
ning (0.17°) of the entrance slits of "the magnet.

Spectrum of tha calculated angle oc = )(2-1.2X‘|0(:ta obtained for a
fiven position of the peak from elastic scattering on gold. Five
spectra arc shown corresponding to five pasitions spread along the

A%
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Fig.9.

Fig.10.

Fig.11.

Fig.12.

Fig.13.

Fig.14.

ugsed focal plane. An angular opening of 0.47° is defincd with the
ontrance slits of the magnct.

Spectrum of the calculatod angle Oc obtained with the 12I: ions de-
tected in the study of the 190('®0, 2c)%%e reaction at 68 Mov.
The slits of the magnet define an'angular opening of 5.2° the
center of which carresponds to a reaction angle of 8°.

12!: spectrum colculated in the displaced foeal plane a) for thc full
angular range (5.2°) and b) for the events selected by a narrow win-
dow on oc. The excitation energles of the strongly populated states
in zuNa have been indicated.

12{.‘ encrgy spactrum measured at 19° for the reaction 150(
at 62 MeV incident energy.

160, 12C]20Ne

Comparison of experimental engular distributions and EFR DWBA cal-
culations. Optical model parometers uscu are : VR=17 eV, wx=7.2
Fav, A,-U.AB m, I\:-D-15 fm, RR=1.35 m, Rt=1.27 fm, for the inci-
dent channel and VR=17 MeV, H:=5-B nev, As-n.ﬂl fm, A:=D.15 fm,
RR=1.35 fm, R:=1.27 fm for the exit chennel. The form factors have
been celculated as those of slightly bound states (B=0.4 MeV) for
the full line curvgs. Predictions with more strongly bound states
(B=1.5 MeV) sre alse shown (dashed 1ine) to indicate the influence
of the form factor. A radius r,=1.35 fm and a diffusenses aD.65 fa

have been used for the Woods Saxon wells.

Comparison between a DWBA prediction (solid 1ine) and experimental

results for the 12!:-150 angular correlations measured in the sequen-

150(160. 12¢)%0Ne%s o+ 180 at BB MeV tncident energy for

ZlJNe. The dotted lincs correspond tao

tial reaction
the 6° (8.79 Mev) state of the
the least squares search (based on equation (1) from which the values
of the populations Ip:;'l2 given in table Iare extracted).

Scheme of the experiment.

A3




Fig. 15, An example of tho corrclation experimental data which indicotos
how casy it would bo to measure tho gpin of the lovel (i it were

nut known).

Fig.16. An example of the correlation exporimental datas.

Fig.17?. Kinematical plot corresponding to fig.16.

Fig.l8 - Histogram of a correlation obtained after
the steps of the analysis indicated on £ig.16 and 17.

Sy

Fig.18. Preliminary results for the angular distributions of the polarisa-

tion of 2IJNB {the quontization axis is porpendicular to the reac-
tion plane).

S

Fig.20 - The upper figure shows part of the AE-E
display in the region where % ions are expected,
for one of the four 5cm long position-sensitive Si
detectors. The ions observed are identified in the
sketch drawn below. For channels where more than
10 counts are recorded, symbols are used. Their
meaning is indicated at the top of the figure,

Pig,21 ~ Position spectra of the particles identified
as 19y 178, and 170 (see £ig.20). The 17% and 170 are
used to calibrate the first proportional counter.

The peaks are labeled by the residual nucleus and its
excitation energy. The counter was set in_ the kinema-
tically corrected focal plane of the 189(18p,19y)17p
reaction, Accordingly, the peaks corresponding to
other reactions are broadened, One clearly seces the
gaps between the Si detectors which are in coincidence
with the proportional counters. The cluster of events
in the upper spectrum is assigned to the 180(180, Loy 17
ground state transition, (Note that particle energy

N increases from right to left). .

el i

rig.22 -~ Position spectrum of the ”c ions observed
[ in the 4¢(180,17¢c) 150 reaction at 91 Mev.

WV
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