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Levels in '~Ag and '0 Ag were studied using mainly the Mo(' C, pn) and the ' Yi' 0,
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.

NUCLEAR STRUCTURE Mo(' C,pn), E =41—57 MeV,
Mo(' C,pn), E =50 MeV, ' Y(' 0,3n), E =60—80 MeV,

92Mo('4N, 2p2n), E =72 MeV; measured Ir[E(' C)], Ir[E{'0)], I„(e),
P~, y-y coin, y(t), EcE, ICE. ' Ag and ' Ag deduced levels, J, m., ICC, y
multipolarity, t ~~2. Enriched ' Mo targets, Ge(Li) detectors, intrinsic
Ge Compton polarimeter, electron orange spectrometer. Calculated

levels from axial rotor plus two quasiparticle model.

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 0, of the an-
gular momentum j on the symmetry axis. For small
deformation, high-j shell, and low-0 values, the odd
particle prefers the decoupling scheme and its angu-
lar momentum j aligns along the rotation axis. On
the other hand, high-0 values (such as Q=j) give
rise to strong coupling. Then the angular momen-
tum j of the particle points along the symmetry axis.

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 quasipaiticles acting as a "super particle"
according to Faessler. ' A peaceful situation involv-
ing two decoupled particles (eh~~/2 '@vi~3/2 ') 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 Tl (Ref. 3) (decoupled neutron
vi ~3/2 and strongly coupled proton n.h 9/2) and

In (Refs. 4 and 5) (decoupled neutron vh ~t/2
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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

Ag and '~Ag

l
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and strongly coupled proton ng9/i). 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, +jz )' . In both regions, a M= 1 band is
built on states connected by strong M1 transitions.
The rotor plus quasiparticles model can be applied
to odd-odd Tl or In nuclei as well as for the neigh-
boring odd-A 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-A nuclei.
Odd-2 Ag exhibit a dd= 1 strongly coupled (but9+ 7+
perturbed) band based on a —, or —, state from

1Tg9/2 ~ On the other hand, odd-A Pd (Refs. 9 and
10) and Cd (Refs. 11—14) display a &&=2 decou-
pled band based on an —, state from vh»/z and
two others built on a —, state from vg7/2

1 3 5+(Q„=—,—) and on a —, state from vd 5/2

(Q„= i, —,} which are quasidecoupled and per-

turbed, respectively. However, the situation is
slightly different for very neutron deficient nuclei.
In ' 'Pd, for example, the Fermi level lies near the

1 5 5+Q„=—, 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 '06Ag. s In
this nucleus, besides a LU=1 negative-parity cou-
pled band based on an 8 state interpreted in terms
of the (vh ii/2ng9/2) configuration, two
(dd =1+61=2) positive parity perturbed bands are
built on 8+, 7+ states corresponding to
(vg7/28 irg9/z ),(vd s/2 irg9/2 ) configurations and a
decoupled dd =2 band arises from the
(vh»/zmpi/2} 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 ' ' 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
"confiicting 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
94Mo('zC,pn) reaction at 50 MeV. In order to clear
up some discrepancies, various reactions such as
s Y('60,3n) at 60 MeV, Mo(' N, 2p2n) at 72 MeV,
and 2Mo('iC,pn) at 50 MeV have been used to ex-
cite high spin levels in ' ~Ag. The Mo and Mo
targets (both enriched to 98%%uo) were 4 mg/cm
thick. For electron speetroseopy, 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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TAHLE I. Relative y-ray intensities of '~ Ag from the reactions ' 0+ ' Y at 60 MeV, '4N+ 92Mo at 72 MeV, andi
'2C + 92Mo at 50 MeV. All intensities have been corrected for detector efficiencies, target absorption in case of low-energy

y lines, and the angular distribution effect. The following y lines were not placed in our level scheme: 236, 26j., 482, an&t

487 keV. The asterisk indicates Inixed transitions.
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Prompt Rnd delayed g-ray spectra werc measured
at different bombardment energies ranging from 60
to 80 MeV for the s Y(' 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 tha. t 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 'faMe I are listed the energies and intensities of
'"'Ag y rays observed via both Mo+ ' C 50 MCV
and Y+' 0 60 Me% reactions. In addition the
results of the -'Mo + ' N 72 MCV reaction are given,
for the low-energy y rays (up to 300 keV) detected
with an x-ray Gc detector. In Yable II are given the
y lines ascribed to ' Ag in the Mo+ ' C reaction
at 5G MCV, with their intensities. In order to estab-
)is,i) thc level schcnlcs, bipalametric 2'-2E channel
cGEQcidence Bicasurcrncnts have II3cen cRrricd out
wiirh a tiime resolutton of about 15 ns. IB Pllgs. 2—4
ave. shown typical examples of gated spectt'a. More
convincing data can be obtained by summing some
cDMJ~sl ge~~tcs, and the resulting spectra, arc also
displayed. Spins and parities have been assigned on
the basis of angular distribution, liinear polarization,
andi conversicn electron measurements. Angular
diistributiori~ have been petCormed at five dtfferent

angles (0', 22', 45', 67', and 90') with respect to the
Seam 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 (Eh„), and scat-
tered plus vertical (N„„)through the relation

+Ver +bar

Q(Er) N„„+Xi,„'
where Q(Er) 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 Rnd linear polarlzations Rfc
given in Tables III and IV. Simultaneous fits to the
angular distribution coefficients and to the hnear
polarization data, versus the nuclear spin alignment
Rnd the mixing ratio values, allowed unique spin and
parity assignments for the majority of the levels.
The mixing parameter 5 is defined for emission ra-
diation and is in the phase convention of Biedenharn
and Rose. ' Extreme values of 5 were dleduced froze
fits taking X values corresponding to 0.1% confi-
dence level. The mixing ratios deduced from ax or
al values are generally in good agrcemcnt; they are
reported in Tables V Rnd VI for ' Ag and ' Ap,
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studies. The main feature of the level scheme shown
in Fig. 6 is the existence of a well-developed 6/ =1
sequence of levels based on an 8 state. In most
cases, M =2 crossover transitions arc observed morc
strongly than in some other odd™odd nuc]f.ei such as

In. This band mainly dcexcites through t]he

865.l keV transition to the 7+ state, and partly
through the (7 ) and (6 ) states. These two states
and thc 8 onc show a wcB-markets O'Bnching as 1k"

Ag. ' The sequence of y rays —)75.3, 346.2„
332.7, and 444.3 keV—has been previous"y obsenrcd
in the ' Rh(a, 3ny)' Ag study. ' But ttus wais as:.
sumed to be built on a 6+ or 7+ sta,te due to the
misplacing of the 865.1 keV transition and the lack
of coincidence measurements set on 5Q.3 and 66.8
keV gates. In our experiment, with the ' C prcjec=-

tiles, the AI =1 sequence is more developed by a fev:;:

units of angular momentum. Between this structure
and the ground state "band" a number of low spiiiii:,

levels take place. At the right of the figure a posi-
tive parity band with spins 7+, 9+, j.I+ is weakly
populated, a.s in ' Ag.
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Yhe ' Ag level scheme exhibits a. structure simi-
lar to that observed in Ag. However. , thc
13+~11+~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 dccxcite
the intensity of the whole negativ= band. )I'ron::

coincidence measurements, about 2Q% of the 1572
keV transition intensity feed the low-lying levels c'
another positive parity system (shown on the ..ight
side of Rg. 7) not observed in ' A~. This systen". „

consisting of M= 1 low energy transitions, already
deexciting a, positive parity perturbed band based os
the 382.Q 7+ state, is also fed by almost 3Q% cf' the
397.7 keV y ray through the 860.9 and 463.4 keV
transitions.
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FIG. 2. Coincident y-ray spectra measUred in ' Ag
and ga.ted on the X detector in the case of the reaction
"Y+"O at 60 MeV.

In thi. s section we shaD discuss, &on. a, sys&.enate, .c
poiint of view the structure of the three stliver tso-

I02 106topes, 4q Ag55, 4q Ag57, and 47 Ag59, m the frame o::.
.

'

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~ ~I."'

using Nilsson states with the usual parameters
5,a,p, ; the Fermi surfaces A,„,A~; and the pairing
gaps An, Lp taking into account a variaMC moment:

of inertia of the core, a simple residual Vz„ interac-
tion, and expanding their deformed wave functions

f
IMKQ,„Q,) on the quasispherical basis

respectively. The 40 and 141 kcV transitions are
both delayed as indicated by their intensity ratio in
the "out of beam" spectra The life. time of the 181
keV level was measured from a beam-y 141 keV
time correlation spectrum and found to be

Ti~2 ——3.5+Q. 5 ns (see Fig. 5).

III. LEVEL SCHEMES
104g

The ground state spin of '~Ag (I~=5+) is well
known from atomic beam measurements and decay

3AND STRUCTURE AND COUPLING MODES IN DOUBLY-ODD. . .
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TABLE II. Energy and relative intensity of y rays assigned to ' Ag observed in the
'4Mo+ ' C 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
energy

50.3
66.8*

66.8*

72.8
75.0
83.7 (c)
99.3

112.5

114.5
123.8
139.0
175.3
211.8
219.0
280.4 (c)
296.5

Relative
intensity

6(1)
5(1)
2(1)
5(1)
3(1)
2(1)

65(5)
100

5(1)
5(1)
5(1)

50{5)
5(1)

1.0(0.5)
4(1)
4(1)

Transition
energy
(keV)

316.7
321.6

332.7
346.2
367.4
367.4*
AAA 3

AAA 3+

481.3
508.5
520.7 (c)
570.1

575.9 (c)
584.8
675.0 (c)
679.0 (c)

Relative
intensity

8(2)
4(1)

33(4)
40(5)

3(1)
14.4(4)

40(4)

19(2)
12(3)
10(3)
3(1)
—1

5(1)
3(1)
8(2)

Transition
energy
(keV)

741.5 (c)
748.0 (c)
777.0 (c)
814.6
847.2
848.0
865.1

888.0 (c)

906.8
926.0 {c)
990.0 (c)

1028.0
1062.0

Relative
intensity

3(1)
3(1)

10(2)
8(2)
9(2)
-1

30(5)
7(2)

20(3)
5(2)
5(2)
4(2)

12(2)

141.0 keV
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~
IMKJj „j~). Three M = 1 bands have been clearly

identified by this model in ' Ag as the
(vh ))/2I8ng9/2) system based on a 10 state,
(vg7/2 s 1Tg9/2 ) on an g + state, (vd5/2 3ng9/2) on a

7+ state, and a dd =2 decoupled one based on a 5+
state as (vh t~/qmp~/z). We also applied this axial
rotor model plus two quasiparticles, but only in the
usual standard basis ~IMKQ„Q&) neglecting the
residual Vz„ 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+tIpn. +qpv) 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 it2/2g of 0.05 MeV. The silver
nuclei seem a little more deformed than the indium
ones but always with a prolate shape.

)0
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CHANNEL NUMBER

50

FIG. 5. Time-correlation curve of the 141 keV y ray
measured in the Mo+ ' C reaction at 50 MeV.

I. The positive parity band (vh ~~/2np&/&)

This LA =2 decoupled band previously observed
in '

Ag (the peaceful case of the two decoupled par-
ticles) has not been excited in ' ' Ag. As a matter
of fact, the neutron Fermi level moves away from
the vh ~~~2 orbital when A is decreasing and such a



BAND STRUCTURE AND COUPLING MODES IN DOUBLY-ODD. . . 173

TABLE III. Angular distribution and polarization results on y rays of ' Ag.

I;~If
Assigned

rnultipolarity
Mixing ratio

5

40.0
45.9
89.5
97.3

141.0
148.9
157.4
174.5
274.5
279.1

336.1
349.5
397.7
463.4

7+
7+
(5+)
(4+)
6+
(6+)
9
9+
(13,14
9+
6+
11
10
8+
13

~6+
-+6+
~(4+)
~5+
~5+
~(5+)
—+8
~8+

) ~13
~8+
~5+
~10
—+9
~7 +

~12

—0.33(9)
—0.33(9)
—0.09(3)
—0.15(7)
+0.54(3)
—0.10(5)
—0.09(4)
—0.24(10)
—0.12(3)
—0.24(4)
—0.25(3)
—0.18(4)
—0.09(4)
—0.22(4)

—0.01(10)
—0.02(10)
—0.10{4)
—0.08(8)
y0.07{4)
—0.04(6)
—0.06(5)
—0.03(13)
—0.01(4)
—0.03(4)
—0.04(3)
—0.07(4)
—0.03(3)
—0.03(5)

—0.52{9)
—0.17(21)

—0.04(12)
—0.28(5)
—0.29(7)

—0.29(6)
—0.32(4)
—0.33(10)

Ml
Ml

M 1/E2
Ml

(M 1)
M1~E2
Ml, E2

Ml
Ml (~E2)

Ml
Ml
Ml

—0. 14&5 & g0. 18
—0. 14&5 & p0.26

—1.7&5 & —0.7
5-o
mixed
—0.08&5 &+0.36

—o.08 & 5 & +0.08

—0.08 &5 &+0.05
0&5 & g0. 12
—0.08&5 & g0.08

466.4*

539.8
637.0
664.6
705
745.7
748.0
816.5
819.4
839.1
860.9
875.9
951.0

1367.8

10+
11
12
9+
9+

~9+
~9
~10
~7+
~7+

11+
13+
8

~9+
~11+
~7+

12 -+11
8+ ~7+
(10+) ~9+
8+ ~7+

—0.24(3)

—0.10(3)
—0.23(7)
y0.55(5)
+0.20(4)
y0.14{10)
y0.27(5)
yo. lo(4)
g0.19(4)
gO.33(3)
go.2s(2)
go.37(3)
~O.27(3)
—0.30(3)

~ —0.02(3)

—0.05(4)
—0.02(8)
—0.04(6)
—O. ll(6)
+0.02(7)
—0.18(5)
~0.01(5)
—0.11(4)
—0.10(3)
—0.12(3)
—0.11{3)
—0.12(3)
—0.02(3)

—o.32(s}

—0.06(4)

—0.32(12)

~0.43(4)

y0.38(3)
go.36(5)
go.48(10)
~0.36{10)
go.33{9)

(M 1)

(M 1+E2)
(M 1)

MlyE2

(M 1 gE2)
E2
E2
E2
E2

(E2)

E2
El

—1.7&5 &+0.08

0&5 & go.os

TABLE IV. Angular distribution and polarization results on y rays of '~Ag.

99.3
112.5
175.3
316.7
332 7
346.2
367.4
444.3
481.3
570.1

814.6
865.1

906.8
1062.0

I;—+If

7+ 6+
6+ ~5+
9 ~8
(8+) ~(7+)
11 —+10
10 —+9
(7+) -6+

14 ~13

8 —+7+
(9+ ) ~7+
(11+)~(9+)

A22

—0.44(6)
—0.12(4)
—0.27(4)
—0.34(8)
—0.24(5)
—0.29(5)
—0.24(11)
—0.31(7)
—0.28(9)
—0.29(10)
go.19(6)
—0.41(12)
go.04{12)
+0.06(11)

—0.08(5)
—0.07(4)
—0.03(4)
—o.os(7)
—0.02(5)

o.os(6)
0.10(10)
0.05(6)

—0.01(8)
0.01(10)

—0.61(13)
0.10(10)

—0.24{11)
0.05(12)

—0.40(6)

—0.31(8)
—0.55(13)
—0.47(8)
—0.32(13)
—0.57(18)

0.45(20)
0.25(15)
0.6(3)

Assigned
multipolarity

MlgE2
M lyE2

Ml
(M 1)
Ml
Ml
Ml
Ml
Ml

(M 1)

El
E2

{E2)

Mixing
ratio

5

—0.03 &5 & +0.02

—0.07&5 & g0. 14
—0.05 &5 &+0.08
—0.17 & 5 & +0.08
—0.08&5 & g0. 15
—0.12&5 & ~0.12

—0.14&5 & +0.25
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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
(keV) )( 10 multipolarity

Mixing ratio

X 141.0
K 148.9
K 157.4
L 141.0
K 336.4
K 349.5
K 397.7

23.5+6.4
10.0+2.7
9.0+2.4
4.3+1.1
1.4+0.4
1.5+0.4
0.8+0.2

M1+E2
M2

M1 (+E2)
M 1+E2
M1,E2
M1,E2
M 1,E2

0.8+0.3
& 0.01
&0.2

0.9+0.4

2. The negative parity band (vh ~t~2ngs~~)

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

band is expected at much higher energy in ' ' Ag
(around 1.3 MeV).

TABLE VI. Results on ICC measured in ' Ag.

Transition Measured ICC Assigned
(keV) )& 102 multipolarity

Mixing ratio

K 99.3
K 112.5
K 175.3
K 332.7
K 346.2

60+10
37+ 7
8.4+1.5
1.7+0.5
1.0+0.3

M 1+E2
M1+E2

M1 (+E2)
M1,E2
M1,E2

0.4+0.2
0.3+0.2

&0.5

states depending on the nuclei. In Fig. 8 are shown
the negative parity bands observed in ' ' ' Ag
with the 10 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

(17 ) =-- 4901

57pc

4 330.1

„eo.e'
+. irN7

(7)

575.9

219- e47
384 1 v

]i114 5

1306~,
1237 6 9

3668, 3
~Bc 367.4 c~

3300.9

2819.6

(g+|

21.6

796.6
S84-6

479 9

"076.8
280-4

(8+)

3'67
(7+)=-

3I I.c
— 99.~ ~l P

112 5

104

520 7c

8.5
99pc

1 3 gl g'

237s.3
77/c gllgr

11 ", ~ ~' 1931.0

10 --; 1S98.3
679c

52)c 346 2
g- ~ -" ~~s2.~

3
0 "~~

66.8

741.5 l 865.1
P5 i 814,6c

W72~8 1&P

-- 211.8

1062.0

9M'.8C

2179.8

1118 6

211.6
112.5

0

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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36 61.9
274.5

33874

467 6
2919 8

466 4
816.5',

24534
5

74SC, 3495
2103.9-' ~'

397 7

1706.2 "'
1548.8

(13-,14 )

12
I

2847. 0-

%1.0

875 9

10
1084 0 1896

415.1

837.8

1

13+

t

I

I

1147
I

I

11+
,129 7

10'1183.4
-10+

637.0

1367

181.0
141.0

i ~ 9+

539.8 8"94
839-1 66&.6

12008
+ 2 91

. 174.5 8+ 921,7~

~

~

463 4

382.0
40 0 7+ 338 3~ 1 I 1148'9

'-89 5
141.0» 3 'k' w s

58.9

7+
t6'
-/~5'j
~ 3

FIG. 7. Level scheme of 'O~Ag deduced from s Y+ ' 0 at 60 MeV, Mo+ ' N at 72 MeV, and Mo+ I&C at 50
MeV.

through the calculation of Popli et al. including a
variable moment of inertia. On the other hand, our
calculation is much better for spins smaller than ten:
The lowest spin levels (as 3,4, 5 } have not been

represented by Popli et al. because even though they
exist, they are not populated by these heavy ion re-
actions. The 6, 7, 8 levels, in both calculations,
present a grouping in a 200 keV energy space but are

TABLE VII. K structure of the states of the vh „g~cemg9/Q negative parity band in the standard basis
i
IMKQ„Q~ ) of

our calculation.

Weights of the main components

of the wave functions

K value 3 10 12

3 F11/2
2

—'h
2
&

I 11/2
2
& F11/2
2
& h11/2
2
& I 11/2
2
3

I 11/2
2
5 F11/2
2

7 g9/2
2
7 g9/2
2
9 g9/2
2
9 g9/2
2
9 g9/2

2
9 g9/2
2
9 g9/2
2

0.31 0.13

0.32 0.21 0.09 0.13

0.06 0.26 0.26 0.25 0.24 0.23

0.11 0.23 0.12 0.15 0.16 0.17 0.17

0.06 0.02 0.04 0.05 0.06 0.06

0.23 0.26 0.22

0.16 0.27 0.29 0.21 0.14 0.11 0.09 0.08 0.06

0.10 0.24 0.27 0.23 0.20 0.18 0.17 0.16



J.TREHERNE et al.

I E(MeV)

=12
+1.0 =

-+0.5
IEt~lQSRS

11

9 in odd-odd Ag

—8 in odd-odd Ag

~CZVEBS8% ~ ~ 9~ CWRRCRRRB

,gaea
CÃ5

104A qo6p, 6
9

9
68-3 6—

9 7

QQ 4
6
6I7 e-

Present' uxor@ Pbpli et al.

Cel+ /+9

Thecr Y

in odd Cd

11/p in odd Pd
I I

55 57 59 6'i
NEUTRON NUMBER

FIG. 9. Variation of experimental energies of the 8

9, states in doubly odd Ag and of the — state in odd

neutron Cd and Pd isotopes versus neutron number.

FIG. 8. Comparison of calculated and experimental
energies of negative parity states in '" ' ' Ag. Both an
e.pe)(cmental and tl.'eoretical spectrum for '""Ag has been
obtained by Popli et al. (Ref. jI5).

located 300 keV too high in the calculation 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
s)ImjIlar in both works; in partkcular, Ac clcxox~ation
keeps the positive sign (slightly deformed prolate
shape). A number of negative states 6, 7, 8
are connected to thc band and the actual spin of the
bandhcad )-:s not clear. However, it can bc scen in
Table VII that the E structures are simi4r only
&om the 8 and following states. The nucleus
seems to rotate bclorc the complete alignment
Z==-j„+jz is obtained; we will caH this conflicting
case the real confhctmg one.

-& A8 58AO.&'&3" 6"g 638 QSSO/Q/e &086VMQQ 88eFgg
U8I'$@$ A. ASSMH. ing that take 8 state is thc band-
head, thc var. ation of its energy versus the neutron
nu'. aber has been compared in Fig. 9 to that of the

state «Q ncighbo"iQg odd-A nuclei. 8 should bc
noted Chat t4c a/Ceration oII' &.c 8 or 9 states 1s1t-
quite similar to the behavior of the —, state.
Moreover, it has been observed that the negative

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 vh»&2
orbital when 3 is decreasing, which has already been
observed in odd Cd (Refs. 11—14) and Pd (Refs. 9
and 10) isotopes.

c. The problem of missing transitions (such as in
Ag). The question of why the 8 ~7 ~6 tran-

sitions are missing in '
Ag while they are observedI ' ' Ag must be approached. A slrmlar

phenomenon has been previously noticed in In (Refs.
4 and 5) and Sb." It is possible that these level~ are
too close in energy (as shown in theoretical calcula-
tions) to be populated through gamma decay in

Ag, the energy spacing of the competing 8 ~7+
transition increasing fast from A =106 to A =102.

As a final remark about this negative parity band, .

it should be emphasized that the collective rotation
corresponds to predominant E values equal to 4,5
(see Tables VII and VI of Ref. 15) or in other words
to a mixing of 18% (Jo=8), 46% (Jo =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 8 the decoupling of the proton in a
rotation around the R axis must be expected; this
situation has noi been observed yet, probably due to
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't9/2 E (MeV)

11'
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13/2+
~a/2+

0,5

7/2+
+ 7+ 7+ &/2+ 7+ Vg2+ 7 8+

9/2
7/2'

g/2+
7/ +

103 10W &05
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~ 0g 102 106 &07
Ag Ag Ag Ag

FIG. 10. Comparison of the experimental — band ob-
9+

served in odd ' ' ' 'Ag with positive parity bands identi-

fjord in the present work (' ~Ag and '~Ag and that of Po-

pli et aI. (Ref. 15) ('o Ag).

competition of multiparti. cle excitations arising at
such high energy.

3. The positive parity bands (vg)/2ng9/2)'
and (vd s /2 s 'Irg 9/1)

A striking analogy between odd and odd-odd Ag
level schemes can be seen in Rg. 10 where positive
parity levels are separated into two bands built on.

7 (vd5/) 8'g9/I) Rnd 8 ol' 7 (vg)/2 Irg9/I )

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 7+ band in ' Ag where energy9+
spacings are very close to those of the —, band in
'o'Ag. The level scheme of the odd-odd nucleus i
then Obtained 1)y slIBplc addltlon of thc B1OIBcntuIB

j„=-;. In this case, the initial conflicting scheme

seems to become R Bcw pcRccful case with
J=E=Jp+J~.

This "one particle spectator" type of coupling or
"new peaceful" case is not as clear for vg7&2 in the
7+, 3+, 9+ band in ' Ag or 8+, 9+, 10+ in ' Ag.
This is due to the Coriolis force which is stronger
for g7~2 than for d5&2. In that case the neutron
nearly succeeds in coupling with the proton in a

+ w+7 = p+
+ 6+

eaaaeegss~~ 2+
IC+ I%%0!~

TH "O6Cd+ IT+ ) EXP. 'Ag
FIG. 11. Comparison of' calculated and experimental

positive parity states in '~Ag. The zero energy has been
adjusted so that the 7+ 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 (vg)/2Irg9/I) and

(vdz/zgmg9/I} states are not separated. The S+, 6+,
2+, 7+ states are found to be very close, as observed
in ' Ag, although the 5+ 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 Popll et al. for ' Ag. ' They clearly
demonstrated that the EI=1 band built on the 7+
state is due to the fully aligned (84%) (vd5/I Irg9/I)
conflgul ation with doIDlnant AI =2 transltlons,
while the lO'==1 band built on the 8+ state is given
by thc (vg)/g17g9/1) conflgurRtlon with ollly 60%
of alignment and where M =1 and 2 transitions are
both present. By analogy these two bands seem to
be present also in ' ' "Ag. However, in ' Ag the
(vg)/I Caj)rg9/I) 1otRtlonal 1)RBd bcglns Rt stRtc 7+ Rnd

not 8+ because it ls an intermediate case between the
confllctlIlg case (sllc11 Rs vh II/IS)rg9/I) Rlld thc Bcw
peacefull one (such as vd5/zemg9/2).

As a concluding remark, , these two bands are,
however, very mixed; thus it appears necessary to
use a realistic residual interaction V~„ to Inix such
positive bands and also to mix (v . n' . )

parity parity
with (v,.„+em,, + } states. For example the
S+ state in Ag would be composed of
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ymmetry axis

peaceful case
lola I decoupling

peaceF~I case
lo/al coupling

JmI +I

(:on flic&nc) c.ase
one par &icle spectator

Conflicting

case

FIG. 12. Extreme cases of coupling scheme occurring in transitional odd-odd nuclei.

(vg7/2 irg9/2)» (v~5/2~g9/2)» and (v 11/'i~P1/2)
configurations and not only of the (vh&i/2mpi/z)
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, Tl. . .,) some
general rules can be stated. In Fig. j.2 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 (mhii/2 ')S(vii3/q ') in
Au nuclei or (vh»/2np&/z) 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 (vh i i/i »Ing9/2) and thallium
(vi f3/2 8 irh9/2) The rot.ation seems to start with
the two-particle configurations not being stretched.
On the other hand, if the decoupled particle has a
lower j, with intermediate 0 (such as d5/2 with
0 = —,) 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 A nuclei and the angular
moments are obtained by simple addition of I odd
with the j of the spectator particle (see the typical
7+ band built on the vd5/2mg9/2 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»31rg9/2) 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
(vh i i/2~g9/z) in the more deficient silver isotopes,
and the existence of a new coupling scheme, deriv-
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ing from the confiicting case, observed typically in
102A

g
However, a realistic interaction Vz„ is now re-

quired to improve the agreement with experiment
for the positive parity bands and also to perform a
correct mixing of (— —} and (++} configura-
tions as discussed before. In order to eliminate a

number of parameters (attenuation of Coriolis ma-
trix elements, Pz X,p„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 SIII Skyrme force are in progress.
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