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ABSTRACT 

Fusion-evaporation reactions with S, CI and Ar beams on Mo, Cd end 

Sn 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 l-ray and X-ray spectroscopy techniques. Decay schemes of at least seven new 

isotopes have been derived. Data are presented through systematics and compared to recent 

theoretical calculations. 

1. INTRODUCTION 

In the recent past years a great number of interesting results has been gained on the 

structure of nuclei far off the valley of stability. Recoil spectrometers (BEVALAC, GANIL, 

..0 have proved their ability in identifying new (proLon/neutron)-rich lioht short-lived 

isotopes produced in high or intermediate energy H.I. reactions ' . Due to overlapping 

charge state distributions, the technique unfortunately fails as the mass of the reaction 

products increases. The standard isotope separator on-line (ISOL), although not £0 fast, is 

applicable whatever the mass is and allows decay studies in a very low background 

environment. The use of high energy jjrolon or He beam* with thick heavy targets at the 

ISOLDE facility has been probably one af the most powerful tool in producing exotic 

nuclei . However, the great variety of projectile-tnrget combinations and the kinematical 

advantage u. forward pealoncj in fusion-evaporation reactions have allowed to discavci lot 

of proton-rich nuclei and new decay modes (p-radioactivity, 8-2p, ...) ' . 

In this paper I wil l give a brief description of our He-Jet coupled to a medium 

current mass separator source and then the results obtained since the facility is in 

operation. 

"ftwlted Talk" - International School Seminar on Heavy-Ion Physics 
~ " i (USSH), September 23-30, 1986 

2. EXPERIMENTAL 

2.1 - The accelerator 

The experiments have been carr ied out in Grenoble wi th the SARA (Système 

Accélérateur Rhône-Alpes) facility composed of two cyclotrons, a K = 9D compact one and 

a K = 160 separated sector one. The EûCR ion source is now commonly used to gel low 

energy (5-6 MeV/A), high intensity beams {> 3.10 particles/s) with the first cyclotron 

alone. This configuration was mainly used in the experiments described below, to carry out 

spectroscopic studies on nuclei produced via fusion-evaporation reactions. 

Z.Z - The He-Jet fed on-line mass-separator 

The layout of the present facility is shown in the schematic plan view of fiqure 1 and 

has been described in details very recently . The delay times introduced m 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 recoil 

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

Figure i - Layout of the ISOL facility at SARA 

(1) He-jet recoil chamber (5) Magnet 
(2) Beam-Stopper (?) Tape transport system and counting station 
(3) Ion-Source (7) Tu^c transport control device 
(4) Magiiet (8) CeneTil control desk of separator 

at the RAMA facil ity . This method appeared to us very promising in view of studying 

refractory elements. It is worth to mention two other main advantages : 



-- The concept of "cold production" may tie applied because the tarrjel is located far off 

the hot environment of Ihe ion source. Therefore, low fusion point and/or hiqh vapour 

pressure eienw/rt targets as writ as qaseaiis ones may lie used as Jnnq they can bear Hit1 

beam healing. 

-- The delay time is roughly «qual to the mean transit time in the cnpiltary (~ 1 second for 

n 10 m joui) capillary) of tli? recoils. 

I will give a brief description of the original parts of the Facility and then the overall 
performances of the system. 

In order to get a fast homogeneous He flow, a sheet-type stopping chamber has been 

designed and it was found to give uetter yields than the multicapillary-type chamber for 

i'jotopes of a few seconds period. 

The stopping chamber (1130 mm long and fl = 10 mm) is placed in thp* middle of a 

pressurized (1-2 bars) cube separated from the accelerator vacuum by a 2 mg/cm havar 

window. The He gas is fed via an aerosol generator and the flow rate continousiy controlled 

with a flow motor (typically 15 cm /s for the 10 m capillary). 

A beam stopper composed of successive layers of lead, steel and of boron palystyrcn 

powder is placed behind the reaction cube and protects the experimental area from neutron 

tmd y 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-okimmer chamber and a modified version of a Bernas-Nier 

source, in order to maintain a suitable pressure in the ion-source (~ 5.10" torr) with a 

skimmer hole, typically 1.2 mm diameter, the pressure in the pre-skimmer region must be 

Figure 2 - Plan of the fte-Jet injection system 
(1) Remote adjusting system of the distance between capiitory end and skimmer 
(2) Rigid pipe holding the capillary 
(3) I're-skimmer chamber 
W Skimmer 
(S) injection conical canal 
t& Catcher 
W Cathode 

> composed of two roots and lower than 10" torr and this needs a high flaw pumping systei 

one primary pumps (respectively Î0D0 m / h 

improved device with a U00D m /h roots will allow a significantly higher helium fiow in ifw 

pre-skimmer chamber. 

The separator includes a 120° angle magnet with a mean radius of 0.75 m and o . 1/2 

index. ïne separated beam is Iransported io the low background counting area by a 6 m 

king double Ein/cl lens 

The detection set-up was designed to perform simultaneously y~y a n { ' X ' V coinci

dences, Y-ray and also delayed particle mulhanalysis decoys for physics experiments. A 

triangular detection chamber has been designed for that purpose and is presented 

in figure i. 

Triangular detection chamber used 
in X-ray and Y-ray experiments, 
tl) 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 keV. The 

experiments were carried out first with the He-jet alone in order to havB more y-y and X-Y 

events allowing decay scheme construction iind l 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 havr t'cr-n carried out with the l.P.N. Lyon isDtopo 
/9 / separator. They arc reported in dd i. Ollivier . A groat variety uf aerosols have 

been tested with the He-,ui ,inqlc and in the coupling mode- The best results have been 

OM ' ,j 1-2 dichloroethane (C.H CI.) and are rcporled in Table 1. Very recently 

• i...i heated at 400°C has been found to give excellent He-jet transfer yield and led to 

coupling efficiency of ~ 0.7% for Fu and 5m elements. 

It is also worth to mention that chlorimzahtm combined to a high catcher tempera

ture allows a substantia) yield in lanthanum element versus B» and Cs. This is shown in 

figure 4 by Lhe evolution of Ka X-rays of Ba, Cs and Xe when varying the source 

parameters. 
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Barium 610 899 ' "Be ta ) 2.0 102 11.9 

Lanthanum 1727 825 " " L a t a ) 1.7 102 1.7 

Europium 611 725 U 8 E u ( b ) 2.2 10Z 2.2 

Gadulimum 1327 71J 
" 'Gd(d) 1.1 10 2 

U 3 GcKc) 2.0 102 

0.9 

Terbium 1427 < 1000 
' 4 3 Tb(c ) 1.5 I 0 2 

1 W T b ( c ) 3.7 10 2 
1.1 

Dysprosium 1117 700 1 4 4 D»(c ) Z.0 102 \A 

Table 1 'Preliminary production yields and coupling efficiencies obtained at first experi
ments using the He-jet coupled to the SARA on-line mass-separator in the light 
rare-earth region. The following nuclear reactions were used : 

fa) , ! Mo + J S CI S *. 191 MeV (c) m S n + Î S CI? + , 191 MeV 
(b) 1 D ÏCd + 1 ! CI 9 , 191 MeV (0 lt2Sn * i a S ' , 168 MeV 

The beam intensfty was about 100 nAe and the average target thickness was 
2 mg/cm'. 

Source cnimtMi tooo'C 
Client» joo'c 

Ctittm ii 
• CCi, 

Figure 4 
Schematic representation of the production 
of Cs, Ba, La extracted with the He-jet 
fed moss-separator at A - 124 by using 
the 9*Mo * 3 SCI reaction at 191 MeV 
energy. The figure shows the intensities of 
Ka X-rays of Xe, Cs and Ba (accounting 
respectively for the production of Cs, Ba 
and La elements) for various source para-
meters. 

3. KC5ULTS 

Up tu now we have identified seven new neutron-deficient isotopes with N < HZ and 

I > bti and most of their 8-decay properties have been recently published . Figure 'j 

shows the location of these isotopes in the chart of nuclides. They belong to a region close 

to the proton drip-line where Leander and Mol l i r have predicted the onset of large 

de formations. More recently self-eonaistent studies of triaxial déformations have been 

performed on heavy nuclei, establishing the tnaxiai stability of the intrinsic slate of 

Figure S - Port of the nuclear chart related to the mass region investigated. 

In this paper I wil l mainly emphasize the new experimental results and try to extract 

same s t ruc tura l ef fects by analysing the evolut ion of low-ly ing energy levels along 

particular systems tics. 

3.1 - The Eu-Sm region 

In a very recent experiment, 2J4 MeV Ar beam has been used to bombard 9 

2 mg/cm enriched Cd target. Using the set-up described in ac t ion 2.2, a sel of 

measurements including y-ray multianalysis (16 x 0.!> s), X - y ay and y-y coincidences were 

performed. Two y-rays (2^.D keV and h^\.b keV) with a hai l- l i fe ol (5.7 t 0.M» were found 

to be coincident with Ka X-rays of Sm. As they are present m the mass separated y 

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

fur Eu -* Sm. Figure 7 shows the decay pattern of the two lines involved and figure 8 

exhibits a y spectrum coincident with Sm Kct X-rays. These results are corroborated by 

recent in-beam experiments on Sm * 

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

2 state, which roughly characterises the nuclear guudrupole deformation, goes down 
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Figure 7 - 11$ x 0.5 s) decay of the 255.0 keV 
and 431.5 keV -y transitions ascribed to 
l36Eu * Sm decuy. 

Figure 6* - Preliminary decay scheme 
of 3.7 s i36£u. 
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Figure 9 • 
and decay studies have been used. 

The existence in 

Uoth data from in-beam 

62^m76* 6U N d70 a t H i btf^hu o f a s e c o , M * 2 * D ^ ' o w * h e 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 to the first 3* level energy are characteristic features of a 

rotating tnaxial nucleus . This phenomenon predicted by Rugnarsaon et al. 

for N = 76 isotones is strongly suggested by the bunching (if the levels 13/2". 15/2" and 

17/2", 19/2* for N r 77 isotopes of odd Nd and O . 

As Hie nuclear shape deptttids strongly on the shell correct ions, microscopic calcula

tions are appropriate to describe the prop-rlics ut thpse isotopes. Constrained Hartrpe-rnclc 

• OCS InaxieJ calculations havo hpi-'i recently performed with an effective nucleon-

nucleon force of the Skyrme lyp» (5 III) and have confirmed a stable triaxial deformation 

for the intrinsic slate of Sm. I rom Mu* minimum ot energy in the deformation energy 

sur)act? we can e*tract on i.svmmi ' ry jingle Y " 2 V anil a mass guadrupnlo 

monunl »f tlib fm which ir. compatible w.th n ft, - 11.2, 



•l 'A" £<* ï l m n 

lf)w-L*riu*ri)> levels of the;;'? isol opps. 

ThL-n-ftin*. usin.) various HA. hismn rc.'irtmns as 'r\ • ' ' ' V M * ' ' f , M ' i nnd 
W , A r • " 2 , V f i M o . we have eollerled ' Z ' ' ' ^ ' ' Z ' ' ' ' * 6 I .a separn'etl samples with the facrlils 

dpsrnbod m section 2. 1 will report here pari i;il results deduced from these measurements 

(or bnlh }it,\\a and 1 2"[3a. 

J.2.1 • 1 2 f t L o + 1 2 6 B n doeny 

The Ua level scheme, presented in figure 10(a), was established from B-decay ni 

La. It contains il IL* first members of the q.s band, the quasi-gamma band and Ihrec 
, . . . , i i, /1H."9/ 

negative parti > slates in good agreement with in-heam results 

Two new levels at 983.b and 1296 keV excitation energy are well established by yo 

coincidences. (Iceause of their energies and dcexcilalUin modrs.tentative (0 ) and (2 ) labels 

are proposed. Obviously, conversion electron measurements are needed to confirm these 

assignments. The existence of two isomers in 'La seems very probable : one of medium 

spin (I - "y or 6) and one of low-spin (I -- I or 2) feeding directly the new (0/), (2 ' j sequence. 

From our decay measurements only one hall-l i fe r . -- (64 ± 3) seconds was found and this 

remains an open problem. 

5.2,2 -

In figure 10(b) is presented the ' Ba level scheme established from 6-decay of 

La. 5pm and parity nssiqnmenls have been made on the basis of analogy with heavier e-e 

barium. Ba and Ba leviil scheme exhibit sinking similarities, excepting the feedmq of 
. 1 >h 

8 levels in Ha which is possible because ol a probable 7 or U spin for Ihe high-spin . W i isomer ol I ». 

A new sequence iiicludirvi levels ;il l)VII(ll'), 121/(2') and 1672(4*) has been esta

blished, suqqeshnrj another dei:a> path frnrn a low-spin 41 a il - ï or 1). 

UnfortutisMHy, no new half-life lias been observed in addition in the well-

known 12'' i 2) seconds , 2 0 ' 2 U period. 

Different approaches rna> tie applied to interpret the strurture ol the c-e Ba 

isotopes : 

i) The ifileriicl ifif| tjuiiiiii model haï quun ;t rather qcuid agreement helweon calculated ami 

experimental 'j.a. and quasi-gamina band:: , 

u) MuTu:,f(ipic calculations *"'* which hike into arcitint the shell correct ions would be 

prububJy mon.' realisl u: to explain I lip r.lmpi' i'iir< >>,) i-nc Miqgiv.l ed by Ihe collective blinds 

(11/2' anil 7/2') observed in odd-A bario".. 

, Z 6 L Q 
LS (5.6 . T V ! =1 ™ 

Figure W(<t) 

Figure 10(b) 

"'La 
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CONCLUSION 

Both experimental and theoretical results have shown the ansel of Y asymmetry near 

N . 76 and it would be highly desirable 10 fol low this shape t ransi t ion via : 

i) \he study t>f high sp»> pxciled states (11/2 band) in odd samarium isotopes wi th in beam 

By périment s, 

ti) decay studies in order lo locate the "y band" in e-e isotopes, 

il l) particle Spectroscopy and On measurements for the most neutron deficient ones which 

would give experimental masses. 

ACKNOWLEDGMENTS 

The authorB wish to thank V. Poninchi, G. Margottnn, J.P. Richaud, S. Vanzetto, 

L. Vidal, J.L. Vieux-Rachaz and especially A. Plantier for valuable technical aaSictanc? i.i 

carrying out the experiments. We are also indebted to the SARA staff. J. Aystd, 

J. HDnkanen (University of Jyva'skyla) and K. Deneffe (l.K.5. Leuven) are greatly acknow

ledged for their collaboration. 

References 

1 M.J. Murphy et til., Phys. Rev. Lett., 1982, 49, 455 

2 C. Detraz, This Conference and 

D. Guerreau, J. do Phys., Coll. C-4, 1986, 47, 207 

3 H. Ravn, EMIS-11 t.ns Alamos, August 1986 

(to be published in "NucL Instr. and Meth, in Phys. Res.") 

4 t . Rocckl, Nucl. Phys.. 1983, A-400, 131c 

5 J. Aysto et al., Phys. Rev. Lett., 1985» 55, 1384 

6 A. Planlier e l al., EMIS-11 Los Alamos, August 19B6 

(to be published in "Nucl. Instr. Meth. and Meth. in Phys. Res.") 

7 D.M. Moltz et al-, Nucl. Instr. Meth., 1980, 172, 519 

11 N. Idrissi, J.P.Belmont, I5N Grenoble-Report, 1986 

9 T. Ollivier, Docl. Thesis, Lyon-1 Univ., 1986 

10 N. Redon et al., I, Phys., 1986, A-325, (in press) 

H G.A. Leandcr, P. Mailer, Phys. Lett . , 1962, 1tO-B, 17 

12 N. Redon et al., Phys. Lett . , (in press) 

U C.J. Lister et al., Ptiys. Rev. Lett., 1985, 55, 810 

14 A. MaUiahima et a»., Phys. Rev., 1986, C-34, 576 

I ) A.S. Devydov, G.F. f-'ilippov, Nucl. Phys., m e , 8, 237 

•6 I. Ragnersson et a l . , Nt ic l - Phys., 1974, A-233, 329 

17 J . G u o n et a l . , Nuc l . Phys., 1977, A-277, 464 

f:. FlHun ct t i l . . Phys. Rev. L e t t . , 19/4, 33, «73 

K. Srh i l fe r et a l . , Z e i l . rùr Phys., 191)6, A - J W , 687 

D.D. Hogdanov e l a l . , Nuc l . Phys., 1978, A-3D7, 121 

T. Tamura et a l . , Nuc i . Data 5heet8. 198ft, 4 1 , 413 

G. Puddu et a l . , Nuc l . Phys., I960 , A-340, 109 

K.W. Schmtd et at., Nuc l . Phys,, T9B4, A - 4 Ï Î , 205 


