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ABSTRACT

T Fusion-evaporation reactions with )25, ”CI and )6Ar beams on 92MD, 1l]"Ccl snd
1‘IZSr\ targets have been used to search for new activities. The reaction products transpor-
ted via a He-Jet system coupled to a mass-separator for mass identification have been
studied by y-ray and X-ray spectroscopy technigues. Decay schemes of at Isast sevon new
isotopes have been derived. Data are presented through systematics and compared to recent
theoretical calcutatiors.

1. INTRODUCTION

in the recent past years a greal number of interesting results has been gained on the
structure of nuclei far off the valley of stability. Recoil speetromaters (BEVALAC, GANIL,
«) have proved their ability in identifying new (proton/neutran)-rich lioht short-lived
isotopes produced in high or intermediate energy H.l. reactions /1'2/- Due to overlapping
charge siate distributions, the technigue unfortunately fails as the mass of the reaclion
products increases. The standord isotope separator on-line (I1SQL), olthough not co fast, is
applicable whatever the mass s and allows decay studies in a very low background
environment. The use of high energy proton or )Hc besrn: with thick heavy targets at the
ISOLDE facility has been probably one af the most powerful tool in producing exotic
auclei ”/. However, the great varicty of praojectile-target cawbinations and the kinematical
advantage u. forward peaking in fusian-evaporation reactions have allowed to discove:  lot
of proton-rich nuciei and new decay modes (p-radioactivity, B-2p, ...} M‘S/.

In this paper [ will give a brief description of our He-Jet coupled to a medium
current mags separatar source and then the results obtained since the facility is in
operation.
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2. EXPERIVENTAL

2.1 - The accelerator

The experiments have been carriad out in Grenoble with the SARA {Systeme
Accélérateur Rhane-Alpes) facility composed of two cyclotrons, 8 K = 90 compact one snd
a K = 160 separated sector one. The ECR jon source is now commonly used to gelb jow
energy (5-6 MeV/A), high intensity beams (> L1EI"1 particles/s) wilh the first cyclotson
alone. This configuration was mainly used in the experiments describrd below, to carry oul

spectroscopic studies on nuclei produced via fusion-evaporation reactions.

2.2 - The He-Jet fed on-line mass-separator

The (ayout of the present facility is shown in the schematic plan view of figure 1 and
has been described in details very recently . The delay times intreduced wn classical
integrated target-ion sources mainly due to diffusion process of recoils in the catcher
material is a severe limitation to the study of short-lived isotopes. The Helium-Jet recail

technique coupled to 3 mass separator ion source led to a number of successes

Figure 1 - Layout of the ISOL facllity at SARA

(1} He-jet recoil chamber (5} Magnet

(2} Beam-Stopper (R} Tape transport system and counting station
(3} lon-Source (7} lui< transport control device

(4} Magret (8) Genewl contrgl desk of separator

at the RAMA facility I7I_ This melhod appeared to us very promising in view of studying
refractory elements. It is worth to mention two other main advantages :



-- The concept of “cold praduchon™ may bhe apphied because Lhe target s located far off
the hat environniant of lhe 1on source. Tharefore, law fusion point andfar high vapour
pressure element targels as weil as gaseaws oves may he used as Iong they cen beor the
heamn heating,

== The deluy time is roughly ¢qual to the smean teansit time i the capitary {~ 1 second for
n 10 m lony capillary) of the recoils.

1 will give a brief description of the orginal parts of the facility and then the overall
performaneces of the systern.

In order to get a fast homogeneous He flow, a shect-type stepping chamber has been
vesigned and it was found to give vetter yields than Lhe multicapillary-type chamber for
isatopes of a few seconds period.

The stopping chamber (100 mm Jong end B = 10 mm) is placed in the middie of a
pressurized (1-2 bars) cube separated from the accelerator vacuum by a 2 m;/cmZ havar
window, The He gas s fed via an aerosol generator and the flow rate continously controlied
with a flow mater (typically 15 :m’/s for the 10 m zapillary),

A beam stapper compased of successive layers of lead, steel and of boron polystyren
powder is pluced behind the reaction cube and protects the experimental area from neutron
and ¥ background induced by the nuclear reactions.

The main part of the system is the integrated skimmer ion-source shown in figure 2
which is composed of a pre-skimmer chamber and a modified version of a Bernas-Nier
squrce. In order to maintain a suitable pressufe in the ion-source (~ S.w'S torr) with a

skimmer hole, typically 1.2 mm dismeter, the pressure in the pre-skimmer region must he

Fiqure 2 - Plan of the He-Jet injection system

{1} Remote edjusting system of the distance between ca, itlary e i

(2)  Rigid pipe holding the caplilary pilary end and skimmer
(3} Pre-skimmer chomber

) Skimmer

5} injection conicol conol

(6} Cotcher

(7}  Cathode

lower than IU" torr and this needs a high flaw pumping system campoased of twa toats and
one primary pumps (respectively 3000 m‘s/h - ane m)/h and 120 m’lh). The presently
improved device with a 800D m}/h roots will allow a significantly higher heltum flaw i the
pre-skimmer chamber.

The separatar includes @ 120° angle maynet with a mean cadius of 0.7%9 m and o . if2
index. Yne separated beam is \ransported 1o the low buckground counling arem by a 6 m
lung double Einzel lens

The detection set-up was designed ta perform simultansausly y-y amd Xy coinc-
dences, y-ray and slso delayed particle mullianalysis decays for physics experiments. A
triangular detection chamber has been designed for that purpose and is presented

in figure 3.

Figure 3
Trionhguler detection chamber used
in X-ray and y-ray experiments.

X (1) Be windows (2. sample

Y-rays have been measured by means of two 40% efficiency intrinsic Ge detectors and
X-rays using a small planar one with energy resolution < 450 eV at 122 kaV. The
experiments were cafried out first with the He-jet alone in order to have more Y-y and X-y
events allowing dacaey scheme construction und 2 identification. The coupled system wus
then used only for A identification measuring a simple y single spectrum.

2.3 - Efficiencies of the system

Most of the test experiments have been carried out wilh the LP.N. Lyon isotopo
separsator. They arc reported in de! v Qllivier /9/. A great variety of merosols have
been tested with the He-,cu angle and in the coupling made. The best results have been
obt ' 4 1-2 dichlaroethane (CZHAC]2) and are reporipd in Table 1. Very recently
"L, heated at 400°C has been found to give excellent ke-jet transler yield and led to
coupling efficiency of ~ 0.7% for Fu and Sm elements.

it is also worth to mention that chlorinization combined to a high catcher tempera-
ture allows 3 substential yicld v lanthanum elemest versus Bs and Cs. This i shown n
figure & by the evolution of Ka X-rays of Bu, Cs and Xe when verying the svurce

narameters.



Temperature (°C)
giving_ a vapur Yicld (at/s) efter
Element af 107 tare for nass  seporali

Element{ Chloride %)
Barium s10 899 124g5a) 2.0 107 w9
Lanthanum 1721 25 24 gl 1.7 102 17
Europrum 611 125 V8 (o) 2.2 10 2.2

. Ylaga) 1.1 102
Gadolinlum 1373 713 143 0.2

Gd(c) 2.0 107

] 13150y 15 10%
Terbium 1427 < 1000 154 2 1.1

Thic) 3710
Dysprosium 117 700 1“‘Dy(c) 2.0 102 14

Table I -Preliminary production ylel!s and effi btained at first experi-

ments using the He-jet coupled to the SARA on-ling mass-separator in the light
rare-earth region. The following nuclear reactions were used : P h

fa) Mo + 2C1%% 101 MeV () Yisn+ 31, 191 M
eV
) 'icd + %t 191 Mev @ ''%sn + 2%%, 168 Mev

The bcuT intensity was about 100 nAe and the average target thickness was
2 mg/em?,

Scurce champer 1000°C
Caener 900°C

Carcner t080°C

Lo,
Figure 4
h ic repr of the pr
Caroner 1180°C of Cs, Ba, Lo extracted with the He-jet
Lo, fed mass-sepurutor at 4 = 124 by using
the °*Mo + 7*Cl reaction at 191 MeV
energy. The figure shows the intensities of
Ka X-ruys of Xe, Cs and Ba (accounting
respectively for the production of Cs, Ba
and La elements) for various source para-
Cutcher 1a80"C A I melers.

+CC
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3. RESULTS

Up lo now we have identified seven new neutron-deficient isotopes with N < 82 and
Z > 50 and mast of their B-decay propertizs have been recently published le. Fiqurae %
shows the location of these imsatopes in the chart of nuclides. They belong to s region close
to the proton drip-line where Leander and Mbller m have predicted the anset of large
deformations. More recently self-conmstest studies of triawal deformations have been

performed na

138
6ZSm.

on heavy nuclei, establishing the triaxial stability of the intrinsic state of

Figure 5 - Part of the nuclear chart related to the mass region investigated.

In this paper | will mainly emphasize the new experimantal resuits and try to extract
some structural effects by analysing the evolution of low-lying energy levels along

particular systematics.

3.1 - The Eu-Sm reqion

Ina very recent experiment, 234 MeV
2 mglx:mZ enriched 106¢g target. Using the set-yp described n :ection 2.2, & set of
‘measurements including y-ray multisnalysis (16 x 0.5 s), X~y ay and Y-y coincidences were
performed. Two y-rays (255.0 keV and 431.5 keV) with o heli-life of {3.7 = 0.5 were found
to be coincident with Ka X-rays of Sm. As they are present n the mass separated Yy

)"Ar beam has been used to bombard 2

spectrum at mass A = 136, this allows to propose in figure 6 u preliminary decay scheme

for Ut’[u + Sm. Figure 7 shows the decay pattern of the two lines involved and figure 8

exhibits a y spectrum coincident with Sm Ka X-rays. These results are corroborated by
" 156, nsaal

recent in-beam experiments on Sm .

In the even-even isotopes of Nd and Gd with N < B2 the energy of the first excited

2' state, which roughly characterises the nucloar guudrupole deformation, goes down
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Flgure 7 - (16 x 0.5 s) decay of the 255.0 keV Figure 6 - Preliminary decay scheme

and 431.5 keV vy transitions ascribed to of 3.7 5 " Eu
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Figure 8 - y-ray speztrum comcident with Sm Ka X-rays in the LT “Jst reactions,
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smaothly when N decreages. f ram fiqure 9 it 19 chyvious that the $m watopes seem to fellow

a sutular trend and Lthe energy ratio E Rt gte sellects also the onset of an icreasing
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3
deformation. The value of tms ratia for s and ' M5m 15 Qraund 2.6 shicating

possible ¥ asymmetry.
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Figure 9 - Systematics of the first excited states in 1> 1%gm. uoth date from in-beam

and decay studfes have been used.

The existence in ”6325"'7(,' U(,BUN':I7u and 1:{;)““76 of a second 27 below the first
excited 4” level and the fact that the sum nf the energies of the two First 2° levels is
equal within a few percent ta the first 3' levet energy are characteristic features of a
rotating tmaxial nucleus I“I. This phenarmenon predicted by Ragnarsson et al. 116/
for N = 76 isotones is strongly suggested by the bunching of the levels 13/27, 15/2° and
17/2°, 19/ for N = 77 1sotapes af odd Nd and e,

As the nuclear shape depends strangly on the shell corrections, icroscopic caleulas
tions are appropriate to deacribe lhe proprruies of [hese isotopes. Conktrained Hartree-l nek
+ BCS triexial calculations na hive been recently performen with an effective nucieon-
nucleon force of the Skyrme typs (S D) and have conhrmed a stable triaxial deformation
for the intrinsic state of ”BSm. I ram the mununum ot energy in the deformation eneryy
surface we  can  extroct AN asvinim try angle  y - 2% amd A maRs  quadrupole

marment of U4 fm? which is compatible w.th a ﬁz ~ .2,



5.2 - The L

re campiateson with the peghbourig senan which taee been extensiely studied by

Both e 0y tas apeetraseopy and cadinacteve decan enperirtenty, the bartum wotopes are
Inss kamwe doe o the diffiealtios o preoaceg shart o sotopealls separated Janthanum
samptes,

Far men Hasatopes qod i otees e well, Gita Bighe amn states are kaawn
- "
PV ned Mev eserlation soerge Iat very warce mesulls are avalable on the
Iow-epergy levels of these isolopes,
8y 72,9496
Therefore,  using  vanous  H.. tusion reachons as Cl Mo and
Sk w6 125,124,125,126
Ar

Mo, we have collected I.a separated samples with the facehity

deseribed woseetian 2. 1 will report here parlial results deduced from these measurements
12 .
for buth '*a ang '%pa.
s - 20 . 126
1726 . .
The 'tUn fevel scheimne, presented in figure 1), was established from B-decay of

An docay

126 5, 1t containg We first members of the ¢.s band, the quasi-gamma band and threc
118,19/
neqative partty states in good agreement with in-hearm results .
Twa new levels at 983.% and 1296 keV excitation enerqy are well established by y-y
coincidences. flecause of their energies snd deexcitatian mades,tentative (0°) and (2°) tabels
are proposed. Claviausly, conversion electron measurements are needed to confirm these

assignments. The existence of twa isomers in 126

La seerns very prabable : one of medium
spin ([ = % o 6) and one of law-spin (I = | or 2) feeding directly the new (0}, (2') sequence.
From our decsy measurements only une halt-life r1/2 : (64 ¢ 3) seconds was found and this
FEM3ING #f upen problem.

5,22 - 1Ha 2120

N 7.
In Figure 10(b) 15 presenied the ' ““Bo level scheme established from B-decay of

Ba decay

126
La. Spin and panty assignments have been made on the basis of analogy with hcavier e-e

. 124 1 .
barium. ¢ Ba and ZBBa level scheme Pxhibil striking similanities excepling the feeding of
. 124
8" levels 10 C'Bi which 18 possible because of a probable 7 or 8 spin for the high-spin
24
isomer ot ' .

A new sequence meluding levels ot BYS(0'), 1217277 and 1672(8') has bLeen esta-
blished, sugqesting another decay path from a luow-spin 124 5 - 3oor 4l

Unfortunately, no new half-hie has heen observed in  addition o the well.
known (29t 2} seconds 12021/ period.

Different approgches may be apphied to interpret the structure of the o-c Ba
1s0topes 3
0 The etericting busan model has guven i taltee goad agteement between caleutated ang

exporimental feal

and quasi-gac
1K

1 bands

/

wl Microseope caleulutions ! which ke into accatd the shelt corrections would be
probably mure yeahshic (0 egplom the shipe corstener sughgesiea by the collective bands

/2 ) 7/2°) abserved i odd-A barn,
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CONCLUSION

Both cxperimentsl and theoretical results have shown the anset of y asymmetry near
N . 76 and it would be highly desirable 1o fullow thes shape 1ransition via
3 the stuy of agh spin Paciied Bl ates {112 vand} in odd samarium isotopes with i beam
experyments,
n) decay studies in order Lo lorate the "y band” in e-e isotopes,
i) particle spectroscopy and DB measurements for the most neutron dJelirient ones which
would give experimental masses.
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