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Abstract. lligh-spin Icvels in 1251!:1 have been produced in the
11('Sn(n(‘., 3n) reaction and studied by in-heam spectroscopic
methads. Two strongly populated band structures are observed.

The odd-parity onc is based on a 7/2° state and can be cxplained
as the rosult of the coupling between an hyy /2 neutron-hole and
a prolate type triaxial core. The even -parity band, bujlt on a
7/Z+ state, corresponds to collective excitations associated with

. a neutron-hole in theg /2 shell. Comarisons with-lieavier odd-A

Ba isotopes and discussions arc made in the frame work of the
triaxial core model.

NUCLEAR REACTIONS ' Wsn(12C,3ny), E = 4§ - 55 3=V ; measured

o(ki 3 E_,e), yy-coinc, y-y delay, Unrichee target, Ge(li) detectors.
1252:1 deduced levels, J, n,y-mixing.,

+. - 3 . 1 .
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1. INTRODUCTION
Studies of transitional nuclei [1] have brought new insights in the
knowledge of nuclear structure. The best example is given by the

rotation-aligment model developed hy Stephens [2] which is essentinlly

-based on the Coriolis interaction and applins to moderately deformed

muclei, Jurther theoretical develomments [3 ~6] have lcd-to 2 better

understanding of nuclear properties of transitional nuclei.

In our systewmatic work on odd-A Ba isotupes by means of (tleavy Ions,xny)
reactions, we have shown [7] that the level structure of these

trans1t10na1 nuciei can be successfully explained by the triaxial-ro-

tor—plus-parncule model {3]. Studies on 1275 (ref.8) and 12583 have

been made to Jnow how properties of a triaxial rotor vary when one gnes

towards more ncutron-deficient muclei, Indeed, the level structure is

yery sensitive to the Formi energy ard to the g and v defonmation parameters.

128 116

Pi:gliminary data on high épin lcvels in Ba, populated in the ( C 3n}
reaction, have already heen reported [9]. Detailed results and discussions
are given hore. Only fow and contrudi’.ctory informations wemwe known before
our investigation : D'Auria ct al. [10] associate o activities of

3.0 ¢+ 0.5 win and 8 + 1 win half-lives to (11/2” or 9/2 ) or (3/2 or 1/2 )
levels, respectively, and propose the odd-parity level as the ground state
while Arlt et al. [11] assim 1" = 1/2+ and a half-life of ’1'1/2 =3.5+0.4

.min to this ground lovel in ‘E'Ba.
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2. EXPERIMINTS

The experiments were carricd’out with the external carbon beam, of the
Grenoble variable energy cyclotron. The target of ng/cm2 was made
with metallic tin cnriched to 81.4% in 11651\ and deposited on a 25

lead foil.

The excitation functions, were studicd at 45, 49, 51 and 55 MeV, The
singlesspectra were recorded during and between the beam bursts with
plenar and coaxial Ge(li) detectors. The energies of y-lines listed in
colum 1 of Table 1 were obtained by recording simultancously the y-rays
cmitted by the targot and 1331351, 152[7.\1 and 177'“Lu sources. Inergies of
lines obscrved in the 12533 + 125Cs » 1855 . 125 decay chain have also
been used as an internal calibration, The energy uncertainty for strong
lines is smaller than 100 ¢V up to S00 keV and of the order of 200 or

300 ¢V for. higher energy lines.

A y-y coincidence experiment and the angular distribution measurcmonts
of y-rays were made at 54 MeV, energy which corresponds to the maxjimes
of the cross-scction of the (nC, 3n). reaction. The prempt and delayed
y-v coincidence “events werc obtained with two coaxizl Ge(Li) detectors
having an cfficiency of 10% and 6% and a resolution of 2.7 and 2.4 keV
at 1.33 MeV, respectively. Half-livcs of levels can be deduced from
timing against the beam-bursts.

The angular distributions of y-rays were measured at seven angles (0°,
15°, 30°, 45%, 60°, 75° and 90° relctive to the incident beam). Precise
values of the angular distribution coefficicnts 1\22/1\0 and A4 4/, were
thus obtained and are tabulated in columns 3 and 4 of Table 1.




3. EXPERIMENTAL RESULTS

Several familics of y-vays show up  in the y-spectra (FFig.1) &l have
been assipned mainly on the hagis of excilation fuactions and studies
of decity spectra. With this procedure, Yines helonging to 126]!.'1 and to
1';he A = 125 decay chain are casily identified, Tt was hm»e\'cr nore
difficult to seprvate y-rays of P frow those of 12 (‘.s because
hc cross-sections ond excitation functions of the ( C ,3n) and of the
( C, p2n) reactions ave similur. Neveriheless, physical reasons have
finally led to well established ].C\'L:l schemes of both 1?51L1 and 125Cs
nuclei [12].

There are strong.annlogics between the Jevel structive of 1251.‘.'1, 12713:1
and ““Ba. The last two nucled lave been proviously studied {7, 8].
Therefore, only a fo specific points relative to  ““Ba will be presented
or discussed here.

The y-y coincidence spectra reveal the cxistence of two groups of y-Tays
(Fig.2). In the more intense one, which contains about 70% of the total
intensity of discrete y-lines obscrved in the singles spectra, two
cascades of transitions (233-451-604-751-826 and 99-134-272-670) are
identificd. These transitions arve stretched £2 and M + E2, respecti-
vely. Ry comparison with hezvier Ra isotopes, this group of level is
assigned as the odd-parity systen generatod from the ]11 172 neutron shell.
A new feature appears in the leovel schome of 125Bn shown in Figure 3.

"It s appearance of a I" = 7/2” level as the buse state, The Al =
sequence 7/2° + 11727 » 15/27 ... corresponds to the yrast cascade.

Almost all the rest of the y-intensity is spread over a 41 = 1 band,
the levels of which are de-excited Ly MY + 12 transitions with large

negative Ayy cocffi jeients and by strong *-tu‘\u:hod L7 trasitions. There
is a striking anmzlogy with ihe 47/2 pand in'2Ba. | \
This 7727 tand n 1250, 38 s depopulnted by an intense y-ray ol'-'!()S.(» ey
W g O )1t

which 1o annilor distyibation coofficionts o

~Q.5) ¢
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have boen perfommed {151, In spite of the poor statistics in the
coincident spectra axd of the low energy of the y-ray, the magnetic
character of this 163.6 keV line appears as the rost probable: The
level fod by this M transition te very likely a 5/‘3+ state vhich is
a base stute, but dous not belony to the even-parity bond, This is

very casily proved by wooms of the 388 keV cross-over transition which

has o very weak Intensivy comparaed to the one of the 516 kev, 13/2+ - 9/2+
and 672 koV, 17/2% » 13/7" transitions. )




4. DISCUSSION

v
.

Analysis of the data and discussions are given in this scction for both
odd- anl even-parity levels. Comparisons are made with neighbouring nuclei.

:1.1. Odd-parily levsis

As we have already shown and discussed for other odd-A Ra, Ce and Nd
muclei, this group of levels can be understood as the result of the
coupling of h” /2 ncutron-holes with a prolate type trioxial core.

The base state of the ]‘11/2 level system is 11/27 for 1*3 g and 0/2”
for 127-13 5a. Tie new feature which appewrs in 125&1 is the existence
of a 7/27 level (Fig.4). It is the result of the penctration of the
Fermi sw fuce into the hT'I /2 shell, From the level systematics, the
variations of the position of the Fermi surface can be expected to be
the following : whon one goes from A.= 133 to A = 1531, the Fermi
surface has dropped from the 11/27 to the 9/27orbitals ; it goes below
the 9/2” orbital and across the 7/2° [401] orbital of the 8972 shell
for 12'("]3:1 and rcaches the 7/27[5233 erbital for 1?‘513:1. From a comparison
of the level cnergics, it appears that thc Fermi surfice has not greatly

changed between A = 127 and 125, Ve existence of the 7/27 state is well
understood in terms of noutron-deficiency and the lowering of the levels
relative to heavier isotopes is associated with a larger § deformation.

‘The level spectrum of 1255, exhibits a complox structure with twa 15727,
19/27 and 23/27 states. The main deexcitation is made through parallel

“E2 cascades, Though the B deformation is large, these (15/2);., (19/?.);

and (23/2)'2' levels are still easily observed. The variation of the
position of the second 15/27 Jevel is interesting to Jook at in Fig, 4.
It clearly imdicates a decruasing vy defonstion as one goes from A = 127
to A = 125, All the leatures obgerved in ihe systematics of [igure 4

can be reproduced by the triaxial=rotor=plus-purticle model [3']




It predicts two types of cascudes betweon levels arranged in a two-

dimensional pattorn as observed cxperisintaly, In this wodel, -the
7/27, 9/27 and 11727 levels are the bass states of the § » j=2, j=1

and j subsystems, respectively. Mae to the rveaction rmochanisn involving

hoavy ions and to the closc distance botwecn these bose states, only

the & = j subsysten is streagly excitod.

The defommation parameters associated with such a level spectrum are
By =+ 0.28 and vq = 17°. Making this particular choice of rigid
triaxial rotors, onc obscrves that fg aud yg vary quickly for the
By
minhawa of the potential encrgy surfaces in these nuclei is not strongly
pronounced and g and yo could he censidered as mean values around vhich

system of odd-A Ba isolopes, as plotted in Fig.5. In fact, the

the shape fluctuates.

4.8. Even- pavity levels

The /2 band observed in 129’12713:1 is found in l2513.:1 but wclzg!}{]y excited.
This 47 = 1 sequonce has specings almost cqual to those in " “‘Ba (Fig.6)
which agrecs with a very small change of the Fermi encrgy. The position

of this band relative to the ground state and to the 7/2° level is unkmown
but its 7/2" bmse state is deexcited by a strong 168.6 keV transition which
very likely feeds a 5/2+ state. The band built on this S/2+[-102} state is
unobserved because its levels lie probubly at too high energics relative

to the ones of the /2 band.

The f7 /2 band is generated from a neutron-hole in the 2972 shell. Its
leovel energics follow roughly a rotatiomal low, as shown in Fig.6, where
the straggling appcars to be weak but, in fact, exporimental cnergy values
xind core model.

and branching ratios are better reproduced by a tri:

LN
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S. CONCLUSION

The main features observed in the level spoctmm of odd-A 133-} 7‘7}3:1 are

s . 125 : e it s
still present in "Ba and the systemotics indicates, as expected, an incroa-

sing g defomation towards lighter icoic

Different theoretical approaches are able to explain propertics of

the wnique pmrity'level stiuctores observed in tyansitional miclei. The
ripid triaxial core model developed by Moyer-ter-Vehn [3] and improved

by inclusion of softness via 2 YMI prescription J4] reproduces rather
well level energics, transition probabilities and wixing ratios, This
model has been successfully applied in the A % 130 mass region which we
are considering héve. Calculations using znharmonic vibrator models [5,6 )
have been done meinly for heavier transitional nuclei and are 3n agreement
with experimental datz. Using vesults in the Ba region, a wider range of
applicahility of these models could perhaps be obtained.
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TABLE 1 (cont.)
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22
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6 = <E2»/<M1>

Yultipolarity
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. E2 percentage

0
H
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“Total
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PL(iEs%) ¢
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0.047 (147}
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~0.385 (47)
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-0.014 (40)

" 0.225 (27)

0.554 (74)
0.255 (21)
0.256 (54)
0.383 (52)
0.10 (12)
~0.360 (35)
-0.450 (28)

0.259 (17)
0.353 (47)

-0.01 (18)
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0.017(53)
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TABLE 1 (cont.)
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Pig, 3 ~ The Byq /72 level system in 125&1. The widths of the arrows
are proportional to the total transition intensities.
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Fig, 5 - Location of the h11 /2 level structures of odd-A Ba isotopes in
" a g-y plane.
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