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Twenty four and twenty two new excited states are proposed in neutror¥fichAg, respectively. These
new results came from new works in Gammasphere measkgritriple- and higher-fold prompt coincidences
following the spontaneous fission 8t°Cf. The 77/2 413 rotational bands are identified H>!'Ag, along
with higher bands of uncertain structures. A doublet structure in some bands is suggestive of softness toward
triaxiality.
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Earlier studies on the odd-Ag isotopes were carried out Since the Cf fission partners of the Ag isotopes are Sb
from the B-decay work of the Pd isotop¢s]. Excited bands isotopes, the transitions belonging to the Ag isotopes are
with K™= 1/2" built on the proton 1/2[431] intruder orbital  identified in the following way : We compare coincidence
have been observed in odd ma¥8 '*°Ag and odd mass Spectra obtained by setting double gates on the known tran-
indium nuclei a|ong with other low Spin states :h1|5Ag [1] sitions in 1338b as shown in Flg 1. The double gates used for

The excitation energy of the intruder bands is minimum inobtaining these four spectra are 2791.0/1510.5, 2791.0/
1137g with N=66. The complicated bands discovered from 1625, 1510.5/162.5, and 2791.0/61.5 keV '#sb. A/B

the 8 decay[2—4] in odd-A In isotopes have been explained Means that the double gate is set on two transitions of ener-

; : ; ; iesA andB. In Fig. 1 (in all the above gatgeswe observe
by coupling a hole to their Sn cores and a patrticle to their cdles . "
cores. These kinds of bands were not observed in the adjgjlWo new transition118.3 and 223.8 kepand one transition

) . . . of energy 147.5 keV which was already assigned‘ttg
8222‘;&? Eﬁfnsefi\g slfaotte(:)spsvsitr\:v :F')(I:: ;:’g%;::f;osft;?;ﬁby from the 8 decay work of*1'Pd[6]. Severaly transitions in

. 117 . I ~ . .-
observed in5117Ag [6]. The Ag isotopes are the partners of Ag are further identified from the double-gated coinci

dence spectrum on the 147.5 keV transitionfAg and
Sb in the spontaneous fissi¢8P of 25°Cf. We have used P 9

: i N 415117 2791.0 keV transition in*3Sb as seen in the top spectrum of
this relation to identify the levels in>""Ag. A 7/2413] iy > Al the strong transitions observed in the spectrum are

rotational band is identified in botf*>**Ag. High spin  5sgigned to'7Ag. The level scheme of*’Ag is proposed as
states observed it >*/Ag are interpreted by using the Nils- shown in Fig. 3, which includes 32 new transitions and 22
are sufficiently small. We recognize that these Ag nuclei mayiven in Table 1. The intensity errors are thought to be about
be in a region of shape coexistence, where the spherical shejb, for the strong transitions and about 30% for the weak
model with phonons may be the more appropriate basis fofansitions.

some states and the deform@disson shell model for oth- The ordering of transitions in the bands is generally based

ers, especially the yrast and near-yrast levels populated ign relative intensities, coincidence relationships, and the
these fission experiments.

In the present work the high spin statesitt'*Ag are
investigated by using the Gammasphere and spontaneous fi

27910/15105 in Wsp 1800 15105/1625 in s

264 ™™Magan5n)|

sioning source?>’Cf. The measurements were carried out at R 33 5

the Lawrence Berkeley National Laboratory by usingPaCf g i wOOM
source inside Gammasphere. &°Cf source of strength £ . E 200 1

~62 uCi was sandwiched between two Fe foils of thick- & N e

27910/615 in ™cb

ness 10 mg/cimand was mounted in a 7.62 cm diameter
plastic (CH) ball to absorb3 rays and conversion electrons.
The source was placed at the center of the Gammasphet
array which, for this experiment, consisted of 102 Compton
suppressed Ge detectors. A total of 810" triple- and
higher-fold coincidence events were collected. The coinci-

1000

Counts

L
2791.0|/1625 in ®sb 900 ‘

200

dence data were analyzed with tReDWARE software pack- FIG. 1. Coincidence spectra with double gates set on 2791.0/
age [7]. The width of the coincidence time window was 1510.5, 1510.5/162.5, 2791.0/162.5, and 2791.0/61.5 ke\°8b.
about 1us. A/B means that the double gate is setAdandB transitions.
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v g e made a few angular correlation measurem¢8ig|. In their
g case the fission fragments were stopped in a KCI salt pill, a
diamagnetic medium in which the perturbing magnetic or
electic fields at the stopped fission nuclei should be small. In
v ey all our Gammasphere experiments, we have stopped in me-
45 tallic stoppers such as Fe and Ni, which could leave large
residual perturbing fields. We certainly reconize that the te-
N native spins and parities we propose on the level schemes are
, , , : ) : g 0 not proven to the standards usually applied to radioactive
e decay schemes. The inherent difficulties in fissiprwork
preclude our measuring internal conversion coefficents and

FIG. 2. Coincidence spectra with double gates set ony-7y or fragmenty angular corrrelation data. For publication
1231.8/147.5("Ag) and 126.1*>1%1g)/2791(%%Sh). we thus have only the alternatives (@) presenting tables of

v transition energies and relaive intensiti€®) presenting

feeding and decaying balances for levels. The spin-paritghese along with proposed level scheme without spin-parity
assignments are all tentative, as indicated by the parentheseslues, or(3) putting in the features of the preceding alter-
about all but the 7/2 and 9/2 states in''°Ag and 7/2 state  natives along with our best estimate of spins and parities and
in 1’Ag. However, the fact that the fission products area sketch of the reasoning behind the choices. In following
formed with an average of six or more units of angular mo-alternative(3) we make use of analogies and trends with
mentum greatly simplifies the construction of bands and asnearby isotopes and isotones and to the constraints of the
signments of spins, because only yrast or near-yrast states aappropriate shell model for the region.
observed. We are further helped by the fact that the bands are Previously, two transitions of energies 126.1 and 125.8
interlaced with each other. Thus spin and parity assignmentseV were known in*'°Ag and 11“Ag, respectivel{6]. In the
are guite constrained, since orf§2, M1, andE1 multipo-  coincidence spectrum with the double gate set on the 126.1
larities are expected to compete. Ideally, one would like tain both 51Ag) and 2791 keV transitions!{Sb) as
have internal conversion coefficientCCs) or directional shown in the bottom spectrum of Fig. 2, the stronggst
v-v correlation measurements to confirm multipolarity as-transition is at 118.3 keV. According to Wahl's fission-yield
signments. Measurement of ICCs for prompt fissjoradia-  table[10], 33135h and!'®g of the Sb and Ag isotopes
tion is not feasible due to complexity of the large mix of produced in the SF of°’Cf have the strongest yields. The
fission product activities. The Eurogam collaboration has''*Ag has a much weaker yield thaid®Ag in SF of 25%Cf.
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TABLE I. Transition energies and intensities 1’Ag. The in-
tensity errors are thought to be about 5% for the strong transitiong,q ,trons emitted is more strongly populated than the frag-

and about 30% for the weak transitions. All of spins and parities,

except 7/2 are tentatively assigned in the present work.
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This means that the fragment pair 6¥Sb+1°Ag with four

ment pair of 1335b41%Ag with five neutrons emitted. The
average neutron multiplicity in the spontaneous fission of
252Cf is about 3.5[11,12. Therefore the new 118.3 keV

E, (keV) Relativel , IT—=I7 e .
transition is assigned to then4channel of'°Ag rather than
111.6 5.3 (25/2)—(23/2") to the 5n channel of'4Ag. By double gating on the 118.3
147.5 (9/12)—712" and 126.1 keV transitions, we found several new transitions
173.5 1.9 (19/2)—(17/2") such as 311.2, 330.1, 526.7, 641.3, 796.5, and 911.0 keV in
187.1 0.5 (25/?_’(23@) the coincidence spectrum. By double gating on these transi-
132:2 ;’i 8;;2;:&32; tions_, thg level scheme df°Ag i_s_ proposed as shown in Fig.
199.8 15 (13/2)—(11/2") 4 which includes 34 new transitions and 24 new levels. Tran-
206.5 4.0 (21/2)—(19/2%) sition energies and intensities i°Ag are given in Table I.
212.1 15 (21/2)—(19/2") The intensity errors are thought to be about 5% for the strong
217.0 0.3 (29/12)—(2712%) transitions and about 30% for the weak transitions.
255.6 0.5 (23/2)—(21/12) In Fig. 5, we compare two coincidence spectnaiddle
275.0 0.6 (23/2)—(21/2") and bottom panejswith the double gates on 118.3/311.2 in
3154 1.0 (2712)—(25/2") 15Ag and 762.7/147.5 in*’Ag. The 1226.0 keV transition
321.4 0.3 (21/2)—(19/2") in 131Sh, 2791.0 and 1510.5 keV transitions 1A%Sb are
g;g'i g'z ggg;:g%g; sh_ow_n along with the number of neutrons evaporated. In the
3947 0.7 (17/2)— (15/2") coincidence spectrum double gated on 767.2/147 5 g,
4735 3.0 (13/2)— (11/2") the 1226.0 keV transition in*Sb with four neutrons evapo-
460.9 19 (11/2)—(9/2") rated is very strong when compared with the 2791.0 keV
482.1 2.0 (25/2)—(21/2") transition in *33Sh with two neutrons evaporated. The inten-
532.6 2.0 (29/2)—(25/2") sity ratio of the 1226.0 keV transition if!Sb (4n) and
579.0 8.2 (15/2)—(13/2") 2791.0 keV transition in*¥sSh (2n) is R(1226.0/2791.0)
584.1 0.4 (19/2)— (17/2") =1.2(4). In thecoincidence spectrum with double gates on
660.7 29 (11/2)—7/2" 118.3/311.2, 126.1/497.7, and 126.1/636.0 keV transitions in
698.8 15 (21/2)—(17/2) 1157, the intensity ratios of 1226.0 keV transition i'Sb
383‘6‘ gg Eggg:ggg; (6n) and 2791.0 keV transition if*%Sb (4n) are R1226.0/
772:1 4:0 (19/2)— (17/2") 2791.0=0.3210), 0.258), and 0.3110), respec'gl\_/ely.
779.2 20 (15/2)— (11/2") Thgrefore, the 311.2, 497.7, and 636.0 _KeV transitions are
790.9 101 (21/2)— (19/2") assigned to”f’Ag.. Several other new transitions fA°Ag are
8490 33 (17/2)—(15/2") |dent|_f|_ed by gating on the 126.1/636.0 a_nd 126.1/497.7 keV
953.6 2.0 (15/2) —(13/2") transitions. The coincidence spectrum with a double gate on
1231.8 35 (15/2)—(13") the 636.0/756.9 keV transitions i°Ag is shown in Fig. 6.
Thirteen of the new transitions ih°Ag are shown in Fig. 6.
G)] ©
32&%((3‘)) 30952 s/
ggzglg 123.0(8) 8 2856.22@ 23/27) ®
w 43042) 26004 § (0P i i;z') 26343 (23/2%)

" 216.5(9)

vz 24187 Jro| |77 2 gggg( . 3(91%{5) y
21466 17/27) oN.0(4)
o -

. w1 ' 2ad te/2) FIG. 4. Partial level scheme df°Ag. An as-
E:;Zji_—f;;‘/::(:s) RS o ;jg?((;) R tgrisk means the onlylpreviously observed transi-
rsorzs 155(3) e | D (1772 tion. See marks for Fig. 3 above.
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TABLE Il. Transition energies and intensities #°Ag. The in-
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tensity errors are thought to be about 5% for the strong transitions A= 636.0/756.9

and about 30% for the weak transitions. All of spins and parities __ Ag

except 9/2 and 7/2 are tentatively assigned in the present work. QC’ 1800 -

C *
E, (keV) Relativel , TERT: Sl .8

1183 52 (11/2)—9/2* s Had
123.0 8 Q
126.1 9/2 —7/2" 2 1000
138.3 7 (13/2)—(11/2%) 5 i
216.5 9 (21/2)—(19/2°) 8
224.6 9 Jﬂ
239.0 6 (19/2)—(17/2°) 200
239.0 2 (25/2)—(23/2°) : '
254.1 6 (23/2)—(21/2") 100 300 E 5(OI<OeV) 700
267.0 3 Yy
276.9 5 (15/2)—(17/2")
311.2 23 (13/2)—(11/2%) FIG. 6. Coincidence spectrum with double gate set on 636.0/
330.1 13 (15/2)—(13/2%) 756.9 in1%Ag. An asterisk meang transitions belonging t6*°Ag.
3721 4 (15/2)—(11/2%)
407.0 6 (17/2)—(15/2%) yield ratio would beR(1226.0,7/2791.0,%)~0. Therefore,
430.4 2 the 178.3, 223.8, and 270.1 keV transitions are assigned to
4451 4 (13/2)—(11/2%) Hiag.
497.7 18 (11/2)—9/2" The spins and parities of bar built on the 7/2 iso-
526.7 4 (15/2)—(13/2") meric state with a half-life of 18.0 s iA**Ag are assigned
586.5 ’ (17/2)*(17/2:) based on the first two states having known spins and parities
636.0 50 (13/2)—9/2 of 9/2* and 7/2 [5]. The spins and parities of bam&lin
6413 3 (15/2)—(11/2) 7Ag built on the 7/2 isomeric state with a half-life of 5.34
666.2 4 (17/2)—(15/2") g built on the 7/ 1SOmeric state wi 1€ 91 -
677.2 12 (15/2)—(11/2") s[5] are, also, assigned by its similarity to bafdn Ag..
702.2 1 (17/2)—(13/2%) Band A is probably from the 7/2[413] Nilsson state split
737.0 4 (19/2)—(17/2°) from thegg, orbital in the prolate deformed well iB=47.
756.9 28 (17/2)—(13") Band B is similar to the 1/2[301] yrast band in*''Ag
777.2 8 (17/2)—(13/27) [6]. Band B may likely be the yrast portion of the ground
787.4 5 (19/2)—(15/2°) band 1/Z[301], Coriolis mixed with the 3/2[ 301]. Perhaps
796.5 5 (19/2)—(15/2") the triaxiality is quenching the orbital angular momentum, so
815.5 3 (15/2)—(11/2%) as to produce some doublet bunching, as in band’he
825.5 3 (19/2)—(17/2") interconnectingE1 transitions between bands and B in
837.9 2 (16/2)—(11/2") both nuclei are a hint that the centers of mass and charge of
gii‘g Z g;g;:g;g; the nuclear systems in these bands are separating, though we

The coincidence spectrum obtained by double gating on

would need lifetime measurements of levels to draw conclu-
sions about any degree of quadrupole-octupole collectivity.
Band C is quite similar to the negative parity band built

-on the 2235.42 keV state iftin [6]. Band C may be an
yrast portion of a gamma ban& & 2) built on bandB, the
extension of the ground band. Its regular spacing and lack of
observable crossover transitions are notable features:yThe
band designation implies microscopically admixing with the

the 223.8/178.3 keV transitions is shown in the top spectru
of Fig. 5. The 1226.0 keV transition if*'Sb is nearly zero,
as it should be if the gate transitions are'f{Ag (7n). The

2238/1783 in MAg

0 i 7 " ground band a dominant component of the $203] band.
; S In the table of Isotope§6] for isotope 'Ag this 5/2° as-
40 W%MW 1 signment is given to an excited band 808.9 keV above the

18.3/312 in ™Ag

] 1/2~ ground band but could as well be consideregl band
[ ¢ B built on the ground band.
W BandD was identified only in'°Ag and not in!” Ag. It
' ' ' T oarsn e lies quite low, showing rather regular spacing with cascade
B and crossover transitions. There are no interconnecting tran-
sitions with band#\, B, andC, except for decay out into the
9/2* member of band\. We regard both parity and the spins
as uncertain. It could be the 5/p422] split out from thegg,

FIG. 5. Coincidence spectra with double gates set on 223.8proton family, though this band would not be expected to
178.3 in19Ag, 118.3/311.2 in'!°Ag, and 147.5/767.2 itl’Ag. appear so low unless the quadrupole deformation is much
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smaller for this band, in a case of shape coexistence. As the In summary, the 34 new transitions with 24 new derived
neutron filling goes past half filling of thi,,,, subshell we levels in 1*°Ag are identified based on the 18.0 €8 iso-
can expect the quadrupole deformation to begin to decreasgeric state. The 32 new transitions with 22 new derived
The remarkable bunching of levels into doublets may be gevels in 1*’Ag are identified based on the 5.34 4€8 iso-
consequence of a softness for triaxiality, or breaking of cy-meric state. The band built on the 7/2tate is proposed to
lindrical symmetry of the well. The level schemes of the be an7/2413] rotational band. There is evidence from dou-
even-even palladium neighbors show the seconcefcited  blet structure in bands for softness toward triaxiality.
states to be fairly low, an indicator of triaxiality, which could
well be accentuated in the odd neighbors by mixing of
nearby Nilsson states differing in projectihby two units; The work at Vanderbilt University, Lawrence Berkeley
such mixing does not require breaking of pairs in @dd- National Laboratory, and Lawrence Livermore National
nuclei. The triaxial field, in turn, may be thought of as par- Laboratory are supported by U.S. Department of Energy un-
tially quenching the orbital motion of the odd nucleon, leav-der Grant No. DE-FG05-88ER40407 and Contract Nos.
ing only its intrinsic spin of 1/2 to couple to excited rota- W-7405-ENG48, and DE-AC03-76SF00098. The authors are
tional states of an even-even palladium rotor. The doubleindebted for the use of°2Cf to the office of Basic Energy
bunching may also be derived by second-order band mixin@ciences, U.S. Department of Energy, through the transplu-
extending to the anomalously spad€e- 1/2 Nilsson state of  tonium element production facilities at the Oak Ridge Na-
the gg, Orbital. The paper of Skalski, Mizutori, and Nazare- tional Laboratory. The authors would also like to acknowl-
wicz [5] explores triaxial tendency in this region and gives aedge the help of I. Ahmad, J. Greene, and R.V.F. Janssens in

good Nilsson level diagram for th&~ 100 region. preparing the source.
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