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Levels in '*Ag and ®2Ag were studied using mainly the **Mo('2C, pn) and the **Y(*O,
3n) reactions, respectively. A set of standard in-beam measurements involving relative exci-
tation functions of y rays, y-y-t coincidences, conversion electrons, angular distributions,
and linear polarization of emitted y rays have been performed. Excited states with spin
values up to 17~ and 14~ are populated in '*Ag and !?Ag, respectively. The experimental
data are discussed in the framework of the axial plus two quasiparticle model and some sim-
ple rules have been deduced to interpret the behavior of odd-odd transitional nuclei at high

angular momentum.
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I. INTRODUCTION

In recent years, a new interest has been devoted to
odd-odd transitional nuclei. The investigation of the
high-spin structure of such nuclei, which are espe-
cially sensitive to the Coriolis force according to the
rotor plus quasiparticles model, presently looks rath-
er attractive. The properties of the odd-mass transi-
tional nuclei have already been discussed extensively.
Let us recall that the coupling mode is mainly relat-
ed to the value of the deformation, the subshell an-
gular momentum j, and the component Q of the an-
gular momentum j on the symmetry axis. For small
deformation, high-j shell, and low-{ values, the odd
particle prefers the decoupling scheme and its angu-
lar momentum j aligns along the rotation axis. On
the other hand, high-Q values (such as Q =j) give
rise to strong coupling. Then the angular momen-
tum j of the particle points along the symmetry axis.
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%4Mo(!2C,pn),
¥Y(1%0,3n),
Mo(*N,2p2n), E =72 MeV; measured I,[E("*C)], I,[E('°0)], I,(6),
P, y-y coin, y(t), Ecg, Ice. '®Ag and 'Ag deduced levels, J, 7, ICC, ¥
multipolarity, ¢;,,. Enriched %Mo targets, Ge(Li) detectors, intrinsic
Ge Compton polarimeter, electron orange spectrometer. Calculated
levels from axial rotor plus two quasiparticle model. ]
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The extension of that picture to odd-odd nuclei is
tempting. When both odd neutron and proton have
similar coupling properties, the situation can be
described in terms of a “peaceful scheme.” The case
of both strongly coupled particles is well known
while that of decoupled particles is less trivial.
However, in the frame of the axial rotor or triaxial
rotor plus quasiparticles models, the odd-odd struc-
ture in the peaceful scheme can be represented by
the two quasiparticles acting as a “super particle”
according to Faessler.! A peaceful situation involv-
ing two decoupled particles (7h;,, ~'®vi3, ) has
been already observed in the °°~**Au nuclei. The
problem remains open for the “conflicting case”
where one particle is coupled whereas the other is
decoupled. In the last few years, this case has been
explored for'*6=2% Tl (Ref. 3) (decoupled neutron
viiz,, and strongly coupled proton whg,,) and
10=1%[n (Refs. 4 and 5) (decoupled neutron vk,
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and strongly coupled proton 7gg,;). The main re-
sult of these experimental studies consists of a nega-
tive parity band based on a 7~ or an 8~ state arising
from the conflicting coupling of the two quasiparti-
cles to the core.  The bandhead spin can be approxi-
mately obtained by using the relation
J =(j,>+j,%)'/% In both regions, a AI=1 band is
built on states connected by strong M1 transitions.
The rotor plus quasiparticles model can be applied
to odd-odd T1 or In nuclei as well as for the neigh-
boring odd-4 nuclei. However, only one band has
been firmly assigned up to now in these nuclei and
several problems remain. In particular the origin of
the energy level staggering must be cleared up: It
could be due either to J dependence of the V,, in-
teraction or to Coriolis force. The configurations
involved in the odd-odd Ag nuclei can be deduced
from the structure of the adjacent odd-4 nuclei.
Odd-4 Ag exhibit a AI=1 9st_‘x_'ongly7 i:oupled (but
perturbed) band based on a 7 or 5 state from
789,2.5~% On the other hand, odd-4 Pd (Refs. 9 and
10) and Cd (Refs. 11— 14) display a AI=2 decou-
pled band based on an %_ state from vh,;,, and

two others built on a %+ state from wvg;,

1 3 54

mv:}" and on a 3 state from wvds,,
(Q,=3,3) which are quasidecoupled and per-
100

Arbitrary units

—_
o

99.3
12C +94Mo

12.5
1 1
60 70 80140 50 60
E (MeV) E (MeV)

FIG. 1. Relative yield of y intensity as a function of
bombardment energy for some low-energy y rays and
transitions occurring in the negative parity cascade of
124 g and '%Ag,

turbed, respectively. However, the situation is
slightly different for very neutron deficient nuclei.
In '°'pd, for example, the Fermi level lies near the
Q,=7 orbital of vd> and the %+ band becomes
decoupled like the two others. All these configura-
tions are expected in the odd-odd Ag nuclei, which
is confirmed in a recent investigation of '®Ag.’ In
this nucleus, besides a Al =1 negative-parity cou-
pled band based on an 8~ state interpreted in terms
of the (vh,,®7gyp) configuration, two
(AI =14 AI=2) positive parity perturbed bands are
built on 8%, 7% states corresponding to
(vg1,,®7g9 ), (vds,®1g92) configurations and a
decoupled AI=2 band arises from the
(Vvhy1,®7p,,,) configuration. It is important to
know the behavior of such bands in the more neut-
ron deficient odd-odd nuclei in order to get valuable
information on the coupling schemes and on the V),
interaction. For that purpose, the study of the
high-spin structure of °2!%Ag has been undertaken
in the present work. In Secs. II and III are given the
experimental procedure and data. In Sec. IV, the re-
sults are discussed in the framework of the ‘“axial
rotor plus two quasiparticle” model. From the
striking analogy between odd and doubly-odd Ag
band structure, we can state simple rules guiding the
“conflicting case.”

II. EXPERIMENTAL PROCEDURE
AND RESULTS

Most of the experimental results have been ob-
tained at the Grenoble isochronous cyclotron and at
the Orsay tandem accelerator. Some y-ray linear
polarization experiments have also been performed
at the Strasbourg tandem accelerator.

The levels of !“Ag were excited through the
%Mo('2C,pn) reaction at 50 MeV. In order to clear
up some discrepancies, various reactions such as
Y(1%0,3n) at 60 MeV, *2Mo('*N,2p2n) at 72 MeV,
and *>Mo('?C,pn) at 50 MeV have been used to ex-
cite high spin levels in '®Ag. The *Mo and **Mo
targets (both enriched to 98%) were 4 mg/cm?
thick. For electron spectroscopy, self-supporting
foils of 1 mg/cm? were used.

The experimental procedures are those commonly
used in usual in-beam spectroscopy. The measure-
ments included y-ray intensities as a function of
beam energy, y-y-t coincidences, y-ray angular dis-
tributions, y-ray linear polarization, conversion elec-
tron intensity, and timing measurements. Let us
mention the use of a special Compton polarimeter
composed of five intrinsic Ge detectors and
described in Ref. 16. Conversion electron experi-
ments have been carried out using the in-beam
Grenoble orange spectrometer previously
described.!”
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TABLE 1. Relative y-ray intensities of 1%?Ag from the reactions %0 + ®°Y at 60 MeV, N + Mo at 72 MeV, and
12C + *?Mo at 50 MeV. All intensities have been corrected for detector efficiencies, target absorption in case of low-energy
v lines, and the angular distribution effect. The following ¥ lines were not placed in our level scheme: 236, 261, 482, and

487 keV. The asterisk indicates inixed iransitions.

Transition

%0 4+ ¥Y 2C4 %Mo (keV)

Transition
energy Relative intensity

160+89Y 12C+92M0

Relative intensity

Transition
energy Relative intensity energy
keV) %0+ ¥Y “N 4+ 2Mo 2C+ Mo  (keV)
40.0 100 70 336.1
45.9 23 21 349.5
58.9 weak 0.6 397.7
89.5 15 17 26* 415.1
97.3 15 i8 56* 463.4
129.7 3.7 0.8 466.4
1410 100 100 100 467.6
148.9 21 24 34 482
1574 26 30 154 487
174.5 6.7 6.4 12.7 539.8
186.3 4.9 10 15 555.1
195.6 3.1 11 8 637.0
236 weak
261 weak
274.5 20* 26* 17* 664.6
279.1 4.3 4.3 12 705

30 745.7 5.8 6.3
22 12 748.0 11 4
<31 17 816.5 10
10 819.4 10 16
5.3 10 839.1 ~80 60
?i 860.9 ~20 5.5
34 17
| 875.9 41 25
weak 4 951.0 29 15
weak <10 1084.0 weak
14* 28 1147 weak 3.1
1.3 1183.4 10
8 5 1367.8 ~12 16
27 15
<7 3

Prompt and delayed y-ray spectra were measured
at different bombardment energies ranging from 60
to 80 MeV for the ¥Y(1%0,3n)!?Ag reaction and
from 41 to 57 MeV for the **Mo(**C,pn)'%Ag reac-
tion. Some excitation function curves are shown in
Fig. 1. It should be noted that the maximum yield
of transitions between low-spin states is shifted to-
wards low bombardment energies especially in the
case of 'Ag. y rays have been assigned to '%Ag
and '“Ag on the grounds of excitation function re-
sults.

In Tabie I are listed the energies and intensities of
‘“Ag y rays observed via both **Mo + '2C 50 eV
and ®Y + %0 60 MeV reaciions. In addition the
results of the **Mo + *N 72 MeV reaction are given
for the low-energy v rays (up to 300 keV) detected
with an x-ray Ge detecior. In Table IT are given the
v lines ascribed to 1®Ag in the **Mo + '2C reaction
at 50 MeV, with their intensities. In order to estab-
lish the level schemes, biparameiric 2K-2K channel
coincidence measurements have been carried out
with a time resolution of about 15 us. In Figs. 2—4
are shown typical examples of gated specira. More
convincing data can be obtained by summing some
crucial gates, and the resulting spectra are also
displayed. Spins and parities have been assigned on
the basis of angular distribution, linear polarization,
and conversion electron measurements. Angular
distributions have been performed at five different

angles (0°, 22°, 45°, 67°, and 90°) with respect to the
beam direction. The centering corrections were per-
formed by counting the radioactivity at the end of
the measurements. The y-ray linear polarizations
were obtained using the polarimeter already men-
tioned. The experimental value of the polarization p
was deduced for intense y rays from the coin-
cidences scattered plus horizontal (Ny,,), and scat-
tered plus vertical (V) through the relation

i Nver"'Nhor
Q(‘E'y) Nver+Nhor ’

p‘_—

where Q(E,) is the polarization sensitivity of the
polarimeter given in Ref. 16 with a detailed descrip-
tion of the setup and calibration procedure. Results
of angular distributions and linear polarizations are
given in Tables IIT and IV. Simultaneous fits to the
angular distribution coefficients and to the linear
polarization data, versus the nuclear spin alignment
and the mixing ratio values, allowed unique spin and
parity assignments for the majority of the levels.
The mixing parameter 8 is defined for emission ra-
diation and is in the phase convention of Biedenharn
and Rose.'® Extreme values of 8 were deduced from
fits taking X values corresponding to 0.1% confi-
dence level. The mixing ratios deduced from ay or
ay values are generally in good agreement; they are
reported in Tables V and VI for mAg and ‘°4Ag9
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FIG. 2. Coincident y-ray spectra measured in '“Ag
and gated on the X detector in the case of the reaction
%Y + 10 at 60 MeV.

respectively. The 40 and 141 keV transitions are
both delayed as indicated by their intensity ratio in
the “out of beam™ spectra. The lifetime of the 181
keV level was measured from a beam-y 141 keV
time correlation spectrum and found to be
T1/2=3.5i0.5 ns (see Flg 5)

III. LEVEL SCHEMES
A. ®Ag
The ground state spin of '*Ag (I"=5"%) is well
known from atomic beam measurements and decay

studies. The main feature of the level scheme shown
in Fig. 6 is the existence of a well-developed AT =1
sequence of levels based on an 8~ state. In most
cases, Al =2 crossover transitions are observed more
strongly than in some other odd-odd nuclei such as
10815 This band mainly deexcites through the
865.1 keV transition to the 7% state, and partly
through the (77) and (67) states. These two states
and the 8~ one show a well-marked bunching as in
106Ag.15 The sequence of y rays--175.3, 346.2,
332.7, and 444.3 keV-—has been previcusly observed
in the '®Rh(e,3ny)®Ag study.”® But this was as-
sumed to be built on a 67 or 7* state due to the
misplacing of the 865.1 keV transition and the lack
of coincidence measurements set on 50.3 and 66.8
keV gates. In our experiment, with the >C projec-
tiles, the Al =1 sequence is more developed by a few
units of angular momentum. Between this structure
and the ground state “band” a number of low spin
levels take place. At the right of the figure a posi-
tive parity band with spins 7%, 9%, 117 is weakly
populated, as in 1%Ag.

B. 25

The %2Ag level scheme exhibits a structure simi-
lar to that observed in '%“Ag. However, the
137 11t —9% 7% sequence of levels appears as
the strongest cascade whereas the negative parity
band is shifted to higher energy. One has to point
out that the 1367.8 keV transition cannot deexcite
the intensity of the whole negative band. From
coincidence measurements, about 20% of the 157.4
keV transition intensity feed the low-lying levels of
another positive parity system (shown on the right
side of Fig. 7) not observed in '%Ag. This system,
consisting of AI=1 low energy transitions, already
deexciting a positive parity perturbed band based on:
the 382.0 77 state, is also fed by almost 30% of the
397.7 keV y ray through the 860.9 and 463.4 keV
transitions.

IV. DISCUSSION

In this section we shall discuss, from a systematic
point of view, the structure of the three silver iso-
topes, 49°Agss, 15 Agsy, and 1‘7’6Ag59, in the frame of
the slightly deformed axial rotor plus two quasipar.
ticles model.>!®> This model has already been ap-
plied to the odd-odd '%Ag nucleus by Popli e: al.’”
using Nilsson states with the usual parameters
8,k,u; the Fermi surfaces A,,A,; and the pairing
gaps An, Ap taking into account a variable moment
of inertia of the core, a simple residual ¥, interac-
tion, and expanding their deformed wave functions
| IMKQ, Qp> on the quasispherical basis
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FIG. 3. Coincident y-ray spectra from the reaction Mo + N at 72 MeV, measured in ”?Ag and gated on the detector
by lines at (a) 157.4 keV and (b) the (40 + 141 + 157) keV group. (c) and (d) are low-energy spectra gated by 157.4 keV and

1367.8 keV 7 lines.
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TABLE II. Energy and relative intensity of y rays assigned to '“Ag observed in the
%Mo + "2C reaction at 50 MeV. The lines marked with an asterisk are composite ones: The
energies (of the order of 0.2 keV accuracy as for all the transitions) inside the unresolved doub-
lets are very similar, as can be seen from the decomposition of the y-rays spectra and coin-
cidence gates. The lines marked (c) have been detected by coincidence measurements. The y
lines 75.0 and 296.5 keV are not placed in our level scheme.

Transition Transition
Transition Relative energy Relative energy Relative
energy intensity (keV) intensity (keV) intensity
50.3 6(1) 316.7 8(2) 741.5 (c) 3
66.8* 5(1) 321.6 4(1) 748.0 (c) 3(1)
66.8* 2(1) 771.0 (c) 10(2)
72.8 5(1) 3327 33(4) 814.6 8(2)
75.0 3(1) 346.2 40(5) 847.2 9(2)
83.7 (c) 2(1) 367.4* 3(1) 848.0 ~1
99.3 65(5) 367.4* 14.4(4) 865.1 30(5)
112.5 100 444.3* 888.0 (c) 7(2)
40(4)
444.3* 906.8 20(3)
114.5 5(1) 481.3 19(2) 926.0 (c) 5(2)
123.8 5(1) 508.5 12(3) 990.0 (c) 5(2)
139.0 5(1) 520.7 (c) 10(3) 1028.0 4(2)
175.3 50(5) 570.1 3(1) 1062.0 12(2)
211.8 5(1) 575.9 (c) ~1
219.0 1.0(0.5) 584.8 5(1)
280.4 (c) 4(1) 675.0 (c) 3(1)
296.5 4(1) 679.0 (c) 8(2)

| IMKJj,j,). Three AI =1 bands have been clearly
identified by this model in '®Ag as the
(Vhy1,®mg9,y) system based on a 10~ state,
(vg7,,®7g9,2) On an 8% state, (vds,,®7gy,;) On a
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FIG. 5. Time-correlation curve of the 141 keV y ray
measured in the Mo + !2C reaction at 50 MeV.

7% state, and a AI=2 decoupled one based on a 5+
state as (vh(;,®7p;,,). We also applied this axial
rotor model plus two quasiparticles, but only in the
usual standard basis |IMKQ,Q,) neglecting the
residual V), interaction. The advantage of our cal-
culations, already described in detail in Ref. 5, lies
in the choice of the deformed single quasiparticle
states: Our states, extracted at the minimum energy
from the deformed Hartree-Fock calculation per-
formed on a '%Cd core,*?! are free of parameters.
Such a calculation (‘*®Cd+gpm+gpv) is able to
bring information from ®Ag to ®In because no
projection has been performed on the number N of
particles. For silver isotopes we obtained reasonable
agreement, as will be discussed shortly, with an iner-
tia parameter value #2/2# of 0.05 MeV. The silver
nuclei seem a little more deformed than the indium
ones but always with a prolate shape.

1. The positive parity band (Vhyy /,® 7D /2)

This AI =2 decoupled band previously observed
in 1%Ag (the peaceful case of the two decoupled par-
ticles) has not been excited in '2!1%Ag. As a matter
of fact, the neutron Fermi level moves away from
the vh,,,, orbital when A4 is decreasing and such a
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TABLE III. Angular distribution and polarization results on y rays of '2Ag.
Assigned Mixing ratio
EY I,' -—PIf A 2 A44 P multipolarity )
40.0 7+ —67* —0.33(9) —0.01(10) M1 —0.14<8 < +0.18
45.9 A —6% —0.33(9) —0.02(10) M1 —0.14<8 < +0.26
89.5 (5%) —(4%) —0.09(3) —0.10(4)
97.3 (4%) —5% —0.15(7) —0.08(8)
141.0 6t —5t +0.54(3) +0.07(4) —0.52(9) M1/E2 —1.7<86<-0.7
148.9 (6%) —(5%) —0.10(5) —0.04(6) —0.17(21) M1 5~0
157.4 9~ —8~ —0.094) —0.06(5) M1) mixed
174.5 9+ —8% —0.24(10) —0.03(13) —0.04(12) M1+E2 —0.08<8 < +0.36
274.5 (13,14)~—>13~ —0.12(3) —0.01(4) —0.28(5) M1E2
279.1 9+ —8% —0.24(4) —0.03(4) —0.29(7) M1 —0.08 <8 < +0.08
336.1 6+ —5* —0.25(3) —0.04(3) M1 (+E2)
349.5 11~ —10~ —0.18(4) —0.07(4) —0.29(6) M1 —0.08 <& < +0.05
397.7 10~ —9~ —0.09(4) —0.03(3) —0.32(4) M1 0<d<+0.12
463.4 8+ —7* —0.22(4) —0.03(5) —0.33(10) M1 —0.08<8 <+0.08
13- —12-
466.4* —0.243) l —0.02(3) } —0.32(5) (M1)
12— —11-
539.8 8+ —7* —0.10(3) —0.05(4) —0.06(4) (M1+E2)
637.0 (10*) —o9t —0.23(7) —0.02(8) M1)
664.6 8+ -7t +0.55(5) —0.04(6) —0.32(12) MI1+E2 —1.7<6 <+0.08
705 +0.20(4) —0.11(6)
745.7 10 —9% +0.14(10) +0.02(7) (M1+E2)
748.0 11~ —9~ +0.27(5) —0.18(5) E2
816.5 12— —10~ +0.10(4) +0.01(5) +0.434) E2
819.4 9+ -7t +0.19(4) —0.11(4) E2
839.1 9+ —7* +0.33(3) —0.10(3) +0.38(3) E2
860.9 +0.25(2) —0.12(3) +0.36(5) (E2)
875.9 11+ —9+ +0.37(3) —0.11(3) 40.48(10) E2
951.0 13+ —11* +0.27(3) —0.12(3) +0.36(10) E2
1367.8 8~ -7t —0.30(3) —0.02(3) +0.33(9) E1 0<8<+0.05
TABLE IV. Angular distribution and polarization results on y rays of '*Ag.
Mixing
Assigned ratio
E, Ii—Iy Ay Ay P multipolarity L}
99.3 7t 6% —0.44(6) —0.08(5) M1+E2
1125 6% —5% —0.124) —0.07(4) M1+E2
1753 9- —8~ —-0.274) —0.034) -—0.40(6) M1 —0.03<86 <+0.02
316.7 (8%) —(7%) —0.34(8) —0.08(7) (M1)
332.7 117 —10— —0.24(5) —0.02(5) —0.31(8) M1 —0.07<8<+0.14
346.2 100 —9~  —0.29(5) 0.05(6) —0.55(13) M1 —0.05<6 < +0.08
367.4 (7)) —6%  —0.24(11) 0.10(10) —0.47(8) M1 —0.17<6 < +0.08
4443 —-0.31(7) 0.05(6) —0.32(13) M1 —0.08<8 <+0.15
4813 14— —13— —-0.28(9) —0.01(8) —0.57(18) M1 —0.12<6 < +0.12
570.1 —0.29(10)  0.01(10) (M1)
814.6 +0.19(6) —0.61(13)
865.1 8~ 7t  —0.41(12) 0.10(10) 0.45(20) E1l —0.14<8 < +0.25
906.8 (9*7) —7t  +0.04(12) —0.24(11)  0.25(15) E2
1062.0 (11*)—(9%) +0.06(11)  0.05(12)  0.6(3) (E2)
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TABLE V. Results on internal conversion coefficients
(ICC) measured in '“Ag with the on-line orange spec-
trometer. Multipolarities and mixing ratios have been de-
duced.

Transition Measured ICC  Assigned  Mixing ratio
(keV) X 10? multipolarity 18]
K 141.0 23.5+6.4 MI1+E2 0.8+£0.3
K 148.9 10.0+£2.7 M2 <0.01
K 1574 9.0+2.4 M1 (+E2) <0.2
L 141.0 4.3+1.1 MI1+E2 0.9+0.4
K 336.4 1.4+0.4 M1,E2
K 3495 1.5+04 M1,E2
K 397.7 0.8+0.2 M1,E2
band is expected at much higher energy in °>1%Ag

(around 1.3 MeV).

2. The negative parity band (vh 1 ;@789 3)

Three main points have to be discussed:
a. The evolution in the level spacings of the band

J. TREHERNE ef al.

TABLE VI. Results on ICC measured in '*Ag.

Transition Measured ICC  Assigned Mixing ratio
(keV) X 10? multipolarity 18]
K 99.3 60+10 MI14+E2 0.4£0.2
K 1125 37+ 7 MI1+E2 0.3£0.2
K 1753 8.4+1.5 M1 (+E2) <0.5
K 332.7 1.7£0.5 M1,E2
K 346.2 1.0£0.3 M1,E2

states depending on the nuclei. In Fig. 8 are shown
the negative parity bands observed in 021041064
with the 107 states taken at identical energy, in the
same way as in Ref. 15. It can be noted that the ex-
perimental sequences are quite similar. In Fig. 8 are
also reported the results of both rotor plus quasipar-
ticles calculations previously described. It should be
noted that our calculation predicts too large energy
spacings for high spin sequences which is due to the
constant value of the moment of inertia. A better
agreement for spins greater than ten is obtained

177 T 4901
570¢
16 % 4 3301
520.7¢*
15-——1028° 3809.4
- 3668.3
~ 990c¢ 848C 367.4¢*
147 g : L 33009
gmec 4813 1
1
137 —} % *;* 2819.6
E‘ 444.3 ggge
12° Y 2375.3
777¢ 4443 (11+) 2179.8
:
1° ‘ 1931.0
10- A 37 679 1596.3 1062.0
118.6
e 575.9 906.8¢
o5t 211.8
=

sﬁ

FIG. 6. Decay scheme for the positive and negative parity states in '“Ag excited via the **Mo + >C reaction at 50

MeV.
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12008 ¥ 9t
9+ 2794
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FIG. 7. Level scheme of 'Ag deduced from ®Y + %0 at 60 MeV, Mo + “N at 72 MeV, and Mo + 12C at 50
MeV.

through the calculation of Popli et al. including a represented by Popli et al. because even though they
variable moment of inertia. On the other hand, our exist, they are not populated by these heavy ion re-
calculation is much better for spins smaller than ten: actions. The 6, 7, 8 levels, in both calculations,
The lowest spin levels (as 37, 4~, 57) have not been present a grouping in a 200 keV energy space but are

TABLE VII. X structure of the states of the vh,,,,®7go,, negative parity band in the standard basis | IMKQ,Q,) of
our calculation.

Weights of the main components
of the wave functions

K value Q, Q, 3= 4 5= 6 T 8~ 9= 100 117 127
2 SN2 Zg%2 031 013
3 ThW: 1g2 032 021 0.09 0.13
3 ShU2 Zgon 023 026 022
4 ThUV2 g 016 027 029 021 014 011 009 008 006
5 ShU2 Zgn 010 024 027 023 020 018 017 0.6
5 Ipun g 0.06 026 026 025 024  0.23
6 Zpi2 g 011 023 012 015 016 017 0.7
7 Zpnvr o Zgon 006 002 004 005 006 006
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FIG. 8. Comparison of caiculated and experimental
energies of negative parity states in 192104104g. Both an
experimental and theoretical spectrum for '®Ag has been

obiained by Popli et al. (Ref. 15).

located 300 keV too high in the calcuolation of Ref.
15; this difference could arise from the choice of the
deformed quasiparticle states and from the treat-
ment of the moment of inertia. Thus the results are
similar in both works; in particular, the deformation
keeps the positive sign (slightly deformed prolate
shape). A number of negative states 67, 77,87 ,.. .,
are connected to the band and the actual spin of the
bandhead is not clear. However, it can be seen in
Table VII that the K structures are similar only
from the 8~ and following states. The nucleus
seems to rotate before the complete alignment
J =], -+j, is obtained; we will call this conflicting
case the real conflicting one.

b. The behavior of the absolute bandhead energy
versus A. Assuming thati the 87 state is the band-
head, the variation of its energy versus the neutron
fﬁi;gxber has been compared in Fig. 9 io that of the
- state in neighboring odd-4 nuclei. It should be
noted that the alteration of the 8 or 97 states is
quite sirilar to the behavior of the %M state.
Moreover, it has been observed that the negative

E(MeV)

® «——— 97in odd-odd Ag

1.0+
0] 87 in odd-odd Ag
% +
05 \X ++«— 115" in odd Cd
«—M/A in odd Pd
Loy xeheine

55 57 59 o1
NEUTRON  NUMBER

FIG. 9. Variation of experimental energies of the 8,
9-, states in doubly odd Ag and of the 121—— state in odd

neutron Cd and Pd isotopes versus neutron number.

band is weakly populated in '®?Ag in contrast with
the strong feeding observed in '%Ag. This situation
is consistent with the rising in energy of the vy,
orbital when A4 is decreasing, which has already been
observed in odd Cd (Refs. 11—14) and Pd (Refs. 9
and 10) isotopes.

¢. The problem of missing transitions (such as in
1024g). The question of why the 8~ —7~—6" tran-
sitions are missing in !%?Ag while they are observed
in '%10Ag must be approached. A similar
phenomenon has been previously noticed in In (Refs.
4 and 5) and Sb.? It is possible that these levels are
too close in energy (as shown in theoretical calcula-
tions) to be populated through gamma decay in
1024¢, the energy spacing of the competing 8~ —7+
transition increasing fast from 4 =106 to 4 =102.

As a final remark about this negative parity band,
it should be emphasized that the collective rotation
corresponds to predominant K values equal to 4,5
(see Tables VII and VI of Ref. 15) or in other words
to 2 mixing of 18% (Jy=38), 46% (Jy=9), and 33%
(Jo=10) states as stated in Ref. 15. So we can speak
of a real conflicting case because the rotation starts
with nonfully aligned particles. However, for very
large values of R the decoupling of the proton in a
rotation around the R axis must be expected; this
situation has not been observed yet, probably due to
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FIG. 10. Comparison of the experimental %+ band ob-
served in odd ''-1%7Ag with positive parity bands identi-
fied in the present work (!?Ag and '“Ag and that of Po-
pli et al. (Ref. 15) (%Ag).

competition of multiparticle excitations arising at
such high energy.

3. The positive parity bands (vg7,,®7g9/2)
and (vd5/2®17'g9/2)

A striking analogy between odd and odd-odd Ag
level schemes can be seen in Fig. 10 where positive
parity levels are separated into two bands built on
7t (vd5,®7gy,,) and 8+ or 7F (vg71,,®785,7)
states. The energy level staggerings are similar for
odd and doubly odd Ag. That means that the neu-
tron acts as a “spectator.” This situation is especial-
ly obvious in the 71 band in '©Ag where energy
spacings are very close to those of the ~;—+ band in
1014538 The level scheme of the odd-odd nucleus is
then 50bta,ined by simple addition of the momentum
Jo=7. In this case, the initial conflicting scheme
seerns to become a “new peaceful” case with
J=K =jp +Jn-

This “one particle spectator” type of coupling or
“new peaceful” case is not as clear for vg,,, in the
7+, 8%, 9% band in 'Ag or 8%, 9%, 107 in %Ag.
This is due to the Coriolis force which is stronger
for g;,, than for ds,. In that case the neutron
nearly succeeds in coupling with the proton in a

£ (MeV)
e 8
9""
(AR
ST
L — 7
0.5
- 1
5, 6
+
=r
A i 6*
as
L 5+m
THYOCd 4y ExP."%%Ag

FIG. 11. Comparison of calculated and experimental
positive parity states in '*Ag. The zero energy has been
adjusted so that the 77 levels are at the same excitation
energy.

conflicting case as discussed previously. In Fig. 11
are shown the results of our simple calculation for
the positive parity bands. Because we have not used
the core basis | IMJRj,j,), the (vg7,®mgq/,) and
(vds,,®mgo ) states are not separated. The 5*, 61,
2%, 7 states are found to be very close, as observed
in 1%Ag, although the 57 state lies somewhat too
high. However, a good description of the positive
parity levels would require the use of the core basis
as done by Popli et al. for 1% Ag.!> They clearly
demonstrated that the AI=1 band built on the 7%
state is due to the fully aligned (84%) (vds,,®7g9/2)
configuration with dominant AI=2 transitions,
while the Af=1 band built on the 8* state is given
by the (vg,,,®mgy,,) configuration with only 60%
of alignment and where AI=1 and 2 transitions are
both present. By analogy these two bands seem to
be present also in 12~1%Ag However, in !2?Ag the
(vg7,,®7gq ,) Totational band begins at state 7+ and
not 871 because it is an intermediate case between the
conflicting case (such as vk, ,®7gy,,) and the new
peaceful one (such as vds ,®7gq ).

As a concluding remark, these two bands are,
however, very mixed; thus it appears necessary to
use a realistic residual interaction V,, to mix such
positive bands and also to mix (vparity—gﬂparity")
with (vpamy+®ﬂl%amy+) states. For example the

5+ state in '"Ag would be composed of
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FIG. 12. Extreme cases of coupling scheme occurring in transitional odd-odd nuclei.

(vg12®87g9 ), Wds,,®@7ggs), and Whyy ,®7Py )
configurations and not only of the (vh;,®7p,,)
one. Such a simple structure as reported by Popli
et al. would lead to a strong forbiddenness in the de-
cay of the 5™ state in '°Ag which has not been ob-
served in experiments.

4. Some general rules of the
rotational motion in transitional odd-odd nuclei

In light of these studies concerning the high spin
structure of odd-odd Ag and other recent investiga-
tions on the same subject (odd-odd In, TI...,) some
general rules can be stated. In Fig. 12 are gathered
the different types of coupling occurring in doubly
odd nuclei. The so-called peaceful case includes
both total coupling (like in the rare-earth region) and
total decoupling such as (7hy;,, )@ (vijs, 1) in
Au nuclei® or (vhy;,®7p, ) in %Ag In the
“conflicting case,” two situations are possible. If
the decoupled orbital has a high j, with low Q, the
Coriolis force is strong enough to couple the proton
and neutron in a real conflicting case such as in in-

dium and silver (vhy;,®7gy,;) and thallium
(i3, '®7hg,y). The rotation seems to start with
the two-particle configurations not being stretched.
On the other hand, if the decoupled particle has a
lower3 J» with intermediate Q (such as ds,, with

=) its angular momentum aligns along the sym-
metry axis of the nucleus but remains as a “specta-
tor.” The energy spectrum is then approximately
that of the adjacent odd 4 nuclei and the angular
momenta are obtained by simple addition of I odd
with the j of the, spectator particle (see the typical
7% band built on the vds,,®mg,,, in '?Ag). Be-
tween this new peaceful case deriving from the ini-
tial conflicting case and the real conflicting case, in-
termediate schemes can be observed (such as
vg7/2®1rg9/2) in silver.

As a conclusion, it must be emphasized that odd-
odd Ag can be successfully interpreted as a slightly
prolate rotator coupled to one quasineutron and one
quasiproton. The two striking results of our study
are the confirmation of the negative parity band
(Vhy o®7gyy) in the more deficient silver isotopes,
and the existence of a new coupling scheme, deriv-
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11ng from the conflicting case, observed typically in

Ag.

However, a realistic interaction V,, is now re-
quired to improve the agreement with experiment
for the positive parity bands and also to perform a
correct mixing of (—® —) and (4+® +) configura-
tions as discussed before. In order to eliminate a

number of parameters (attenuation of Coriolis ma-
trix elements, B, X,u, Nilsson states, etc.) a micro-
scopic odd-odd model using the same force for
describing the core properties and the proton-
neutron interaction is highly desirable. Such calcu-
lations using the SIIT Skyrme force are in progress.
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