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b decay of neutron-rich 118Ag and 120Ag isotopes

Y. Wang, S. Rinta-Antila, P. Dendooven,* J. Huikari, A. Jokinen,† V. S. Kolhinen, G. Lhersonneau,‡ A. Nieminen,
S. Nummela,§ H. Penttilä, K. Peräjärvi,i J. Szerypo,¶ J. C. Wang,** and J. Äystö

Department of Physics, P.O. Box 35, FIN-40014 University of Jyva¨skylä, Finland
~Received 12 September 2002; published 12 June 2003!

b decays of on-line mass-separated neutron-rich118Ag and 120Ag isotopes have been studied by usingb-g
andg-g coincidence spectroscopy. Extended decay schemes to the118,120Cd daughter nuclei have been con-
structed. The three-phonon quintuplet in118Cd is completed by including a new level at 2023.0 keV, which is
tentatively assigned the spin and parity of 24

1 . The intruder band in118Cd is proposed up to the 41 level at
2322.4 keV. The measuredb-decay half-life for the high-spin isomer of120Ag is 0.4060.03 s. Candidates for
the three-phonon states, as well as the lowest members of the intruder band in120Cd, are also presented. These
data support the coexistence of quadrupole anharmonic vibration and proton particle-hole intruder excitations
in 118,120Cd.

DOI: 10.1103/PhysRevC.67.064303 PACS number~s!: 23.20.Lv, 23.40.Hc, 21.10.Re, 27.60.1j
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I. INTRODUCTION

Even mass Cd nuclei have an interesting structure tha
indicative of the coexistence of quadrupole anharmonic
bration and proton particle-hole intruder excitations. Acco
ing to the spherical quadrupole vibrator model@1#, a perfect
vibrator would present sets of equally spaced, degene
phonon states between which one-phonon jump transit
are allowed as electric quadrupole transitions. The splitt
among the members of the phonon multiplet can be
counted for by introducing anharmonic terms@2,3#. Indeed,
intact anharmonic multiphonon excitations up to fo
quadrupole-phonon states have been identified in Cd nu
@4–10#. With the analysis of the energy spectra of 26 nuc
presenting a vibrational structure, Kernet al. conclude that
the Cd nuclei are among the best candidates for an an
monic vibrator or a U~5! symmetry@11#. Proton two-particle
two-hole excitations across theZ550 shell gap were intro-
duced by Heydeet al. @12# in order to interpret the low-lying
extra 01 and 21 states observed in112Cd and114Cd near the
energies of the two-phonon triplet. It is shown that the abo
quintuplet of levels in112Cd and114Cd can be explained as
mixing of the normal quadrupole two-phonon excitation w
proton 2p-2h intruder excitations. Since then, this config
ration mixing scheme has been adopted in a number of
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vestigations on Cd nuclei@5,13–17#. Experimentally, the
(3He,n) two-proton transfer reaction measurements on108Pd
and 110Pd targets have shown the evidence of proton-p
excitations across the major shell gap@18#. Rotationlike in-
truder bands have been reported in doubly even110–116Cd
@5,16,19,20#, and a systematics has been built@20–22#.

The level structures of more neutron-rich Cd nuclei a
yet incompletely known; so far, the available information h
been obtained uniquely from fission experiments. For118Cd
and 120Cd, yrast band up to a 161 level has been observe
by prompt fission fragment spectroscopy@23–25#. b decay
of on-line mass-separated118Ag and 120Ag sources produced
by neutron-induced fission has been studied by sev
groups@8,13,26–29#. Decay half-lives,Qb values, as well as
decay schemes were reported. The bulk information
118Cd and 120Cd nuclei has been provided viab2 decay of
Ag parents@8,13,29#, based on which118Cd was interpreted
as the first candidate for a perfect vibrator@8#. However,
level lifetime measurements in116,118,120Cd suggest discrep
ancies concerning the excited 01 states@30#. In addition, it is
unclear whether the 1915.8 keV 23

1 level in 118Cd is a mem-
ber of the three-phonon quintuplet@8# or a 21 intruder state
as suggested in Refs.@20,22#. The aim of this paper is thus to
provide new experimental data on118Cd and 120Cd. These
data were obtained from the decay of on-line mass-separ
Ag sources that were produced by proton-induced symme
fission and ion-guide technique. This method is very eff
tive in producing the neutron-rich isotopes at this mass
gion @31#. The low-lying level structure of118Cd and 120Cd
with addition of new identified states are discussed in
context of coexistence of quadrupole anharmonic vibrat
and intruder excitations.

II. EXPERIMENT

The measurements were carried out at the ion-guide
tope separator on-line facility@32–34# of the University of
Jyväskylä. Symmetric fission of natural uranium induced b
25 MeV protons was applied for the production of118Ag and
120Ag sources. The proton beam intensity used in the exp

,

it-

it-

th
©2003 The American Physical Society03-1



V

om

er
V

for
-

ry

Y. WANG et al. PHYSICAL REVIEW C 67, 064303 ~2003!
FIG. 1. Projections gated by the 1535 ke
~top! and 764 keV~bottom! transitions of118Cd.
The weak peaks in the upper spectrum arise fr
another transition~1537.0 keV! placed between
the levels at 3466.0 and 1929.1 keV. The upp
spectrum implies a placement of the 1535.2 ke
transition directly on top of the 487.8 keV 21

1

state, see text. The lower spectrum is useful
looking up the intensity of the 1537.0 keV tran
sition. The 1058.4 keV peak is due to a ve
weak transition with energy close to the gate.
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ments was about 5–10mA. Mass-separated beam was im
planted into a movable tape situated in the center of a
cylindrical plastic scintillator. The implantation point wa
viewed by four Ge detectors placed in close geometry. T
experimental data were collected inb-g or g-g coincidence
modes, with the time stamping of events defined by the cy
of the tape movement. This experimental setup is very si
lar to our previous one, and a more detailed description
be found in Refs.@9,35#.

There are two knownb-decaying states in118Ag and
120Ag, i.e., the low-spin ground state and a higher-spin i
mer @26,36#. In the experiment both were produced as o
line sources from fission fragments. The average produc
rate for 120Agm @ I p5(62)# is about 1750 ions/s. In the ca
culation 120Agm is assumed to be solely produced in fissio
06430
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and itsb-decay branch ratio of 63%@26# has been consid
ered. The ground state of120Ag @ I p5(31)# can be fed byb
decay of doubly even120Pd and by theE3 isomeric transi-
tion from 120Agm @26#. The production rate for120Pd is much
lower than that of120Ag, estimated to be below 100 ions/
and its decay scheme is little known@37#. Therefore, an up-
per production limit of 2400 ions/s for120Ag is obtained by
assuming no feedings from120Pd.

The construction of level schemes is based ong-g coin-
cidence relationships and coincidence rates. In the exp
ment for 118Ag, the short collection cycle suppressed t
activities of the relatively long-lived ground state of118Ag
(T1/253.76 s). Nevertheless, many newg transitions were
assigned to the decay of the known isomer118Agm (T1/2
52.0 s). In the case of120Ag, separate decay schemes ha
V

is
FIG. 2. g spectrum gated by the 505.7 ke
21

1→01 ground state transition of120Cd. A few
unplaced transitions of120Cd are indicated by~u!
following the energy. The 192.2 keV transition
from theb decay of 104Nb formed as monoxide
ions (A116).
3-2
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TABLE I. List of g rays from the decay of118Agm; 100g intensity units correspond to ab feeding of 97.8%. The intensities of the 487.
646.2, 781.7, 1269.5, and 1428.0 keVg rays have been scaled such as to balance the population of the 21 states at 487.8, 1269.5, and 1915
keV without directb feedings.

Eg ~keV! I g ~Rel.! Ei ~keV! Ef ~keV! I i
p I f

p Eg ~keV! I g ~Rel.! Ei ~keV! Ef ~keV! I i
p I f

p

e
V
n
V

190.1~2! 0.6 ~1! 2662.0 2471.8 (53
2)

209.6~2! 0.6 ~1! 3031.9 2822.4
222.8~2! 0.4 ~1! 2978.8 2756.0
230.9~2! 0.7 ~2! 2322.4 2091.6 (43

1) 31

246.2~1! 3.1 ~4! 2182.1 1935.9 (51
2) 61

248.5~1! 7.6 ~8! 2471.8 2223.3 (53
2) (52

2)
258.5~1! 2.4 ~2! 3290.4 3031.9
275.9~1! 3.8 ~2! 3031.9 2756.0
294.2~1! 3.1 ~7! 2223.3 1929.1 (52

2) 42
1

307.5~2! 0.3 ~1! 2223.3 1915.8 (52
2) 23

1

308.5~2! 0.8 ~2! 3031.9 2723.4
313.9~2! 1.3 ~1! 2954.4 2640.6
336.3~2! 0.5 ~1! 3290.4 2954.4
350.6~1! 1.0 ~2! 2822.4 2471.8 (53

2)
369.8~2! 0.7 ~1! 3031.9 2662.0
391.2~1! 2.6 ~2! 3031.9 2640.6
397.7~1! 4.0 ~2! 2621.0 2223.3 (52

2)
406.6~2! 0.8 ~1! 2322.4 1915.8 (43

1) 23
1

411.0~1! 2.7 ~2! 3031.9 2621.0
433.6~2! 1.8 ~1! 2756.0 2322.4 (43

1)
438.7~1! 2.6 ~2! 2662.0 2223.3 (52

2)
468.0~2! 1.2 ~1! 3290.4 2822.4
474.0~2! 0.4 ~1! 3031.9 2557.6
487.8~1! 100.0 487.8 0.0 21

1 01
1

532.7~1! 5.8 ~4! 2756.0 2223.3 (52
2)

542.7~1! 1.6 ~2! 2471.8 1929.1 (53
2) 42

1

544.3~2! 0.2 ~1! 3290.4 2745.8
560.0~2! 3.6 ~2! 3031.9 2471.8 (53

2)
567.1~1! 1.7 ~1! 3290.4 2723.4
583.9~2! 0.6 ~1! 3237.1 2653.0
598.0~2! 0.7 ~1! 3260.0 2662.0
599.0~1! 1.7 ~2! 2822.4 2223.3 (52

2)
628.3~2! 0.7 ~1! 3290.4 2662.0
646.2~1! 0.4 ~1! 1915.8 1269.5 23

1 22
1

649.7~2! 0.4 ~1! 3290.4 2640.6
659.6~1! 4.5 ~3! 1929.1 1269.5 42

1 22
1

669.4~2! 0.3 ~1! 3290.4 2621.0
677.1~1! 88.5 ~57! 1164.9 487.8 41

1 21
1

691.8~1! 0.3 ~1! 2621.0 1929.1 42
1

704.7~1! 6.2 ~4! 2640.6 1935.9 61

717.1~2! 0.7 ~1! 2653.0 1935.9 61

731.1~1! 3.4 ~4! 2954.4 2223.3 (52
2)

732.6~2! 0.7 ~1! 3290.4 2557.6
755.5~2! 0.5 ~1! 2978.8 2223.3 (52

2)
764.3~1! 2.5 ~2! 1929.1 1164.9 42

1 41
1

been built for its ground state and higher-spin isomer, resp
tively. As an example, twog spectra gated by the 1535 ke
and 764 keV transitions of118Cd, respectively, are shown i
Fig. 1. A g spectrum in coincidence with the 505.7 ke
21

1→01 ground state transition of120Cd is shown in Fig. 2.
06430
771.0~1! 22.3 ~15! 1935.9 1164.9 61 41
1

781.7~1! 3.3 ~3! 1269.5 487.8 22
1 21

1

788.1~1! 1.7 ~1! 3260.0 2471.8 (53
2)

794.3~1! 1.4 ~1! 2723.4 1929.1 42
1

798.0~2! 1285.8 487.8 02
1 21

1

808.5~1! 7.1 ~5! 3031.9 2223.3 (52
2)

820.2~1! 1.0 ~2! 2756.0 1935.9 61

822.1~1! 0.7 ~1! 2091.6 1269.5 31 22
1

849.8~1! 3.1 ~4! 3031.9 2182.1 (51
2)

926.6~2! 0.8 ~1! 2091.6 1164.9 31 41
1

968.1~1! 2.8 ~2! 3290.4 2322.4 (43
1)

1013.9~2! 0.4 ~1! 3237.1 2223.3 (52
2)

1018.6~1! 1.1 ~1! 2954.4 1935.9 61

1036.8~2! 0.6 ~1! 3260.0 2223.3 (52
2)

1042.9~1! 0.3 ~1! 2978.8 1935.9 61

1058.4~1! 37.0 ~25! 2223.3 1164.9 (52
2) 41

1

1067.2~1! 3.0 ~2! 3290.4 2223.3 (52
2)

1095.9~1! 3.5 ~2! 3031.9 1935.9 61

1127.3~3! 1615.1 487.8 03
1 21

1

1157.4~1! 4.0 ~3! 2322.4 1164.9 (43
1) 41

1

1237.2~2! 0.7 ~2! 3460.4 2223.3 (52
2)

1269.5~1! 2.3 ~2! 1269.5 0.0 22
1 01

1

1301.1~2! 0.4 ~1! 3237.1 1935.9 61

1306.9~2! 0.5 ~1! 2471.8 1164.9 (53
2) 41

1

1324.1~2! 0.8 ~1! 3260.0 1935.9 61

1336.7~2! 1.0 ~1! 3265.8 1929.1 42
1

1392.7~2! 0.9 ~1! 2557.6 1164.9 41
1

1411.1~2! 1.1 ~1! 3347.0 1935.9 61

1428.0~1! 0.7 ~1! 1915.8 487.8 23
1 21

1

1441.3~1! 2.9 ~2! 1929.1 487.8 42
1 21

1

1488.1~2! 0.9 ~1! 2653.0 1164.9 41
1

1524.4~2! 0.5 ~1! 3460.4 1935.9 61

1535.2~4! 0.3 ~1! 2023.0 487.8 (24
1) 21

1

1537.0~4! 0.3 ~1! 3466.0 1929.1 42
1

1547.4~2! 0.5 ~1! 3483.3 1935.9 61

1558.3~3! 0.9 ~1! 2723.4 1164.9 41
1

1580.9~3! 1.3 ~1! 2745.8 1164.9 41
1

1585.9~5! 2073.7 487.8 04
1 21

1

1603.7~3! 1.4 ~1! 2091.6 487.8 31 21
1

1735.5~3! 0.2 ~1! 2223.3 487.8 (52
2) 21

1

1758.4~3! 1.1 ~1! 2923.3 1164.9 41
1

2100.8~4! 6.2 ~4! 3265.8 1164.9 41
1

2163.7~5! 3.1 ~2! 3328.6 1164.9 41
1

2777.8~6! 2.1 ~2! 3265.8 487.8 21
1

c- III. RESULTS

A. Decay of 118Agm

Transitions assigned to the118Agm decay are listed in
Table I. The populated118Cd levels are listed in Table II. The
3-3
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Y. WANG et al. PHYSICAL REVIEW C 67, 064303 ~2003!
decay scheme is shown in two parts up to the 3290.4
118Cd level, as can be seen in Figs. 3 and 4. Contributi
from the decay of the118Ag ground state are not negligible
especially to the low-lying 01 and 21 levels in 118Cd. It is
assumed that these 01 and 21 states are not directly fed in
the 118Agm decay, depopulation of the 21 levels at 487.8,
1269.5 and 1915.8 keV is therefore scaled down to bala
the g-ray intensity flow. It is thus found that the118Agm

decay accounts for 85% of the intensity of the 487.8 k
21

1→01 transition. The higher-lying118Cd levels decay by
transitions presumably ofE1,M1/E2 multipolarities to the
low-lying 41, 61, and 52 states; their population is consis
tent with the decay of118Agm @(4)1#.

Most levels in the decay scheme have been reported
Aprahamian and co-workers in Refs.@8,13,29#. Our data

TABLE II. Levels in 118Cd populated in the decay of118Agm.
The logft values are calculated withQb57.27 MeV @28,29# and
T1/252.0 s@38#. The typical error for logft is 0.1.

Energy~keV! b feeding~%! log ft I p

0.0 01

487.8~1! 21

1164.9~1! 6.8 ~59! 6.2 41

1269.5~1! 21

1915.8~1! 21

1929.1~1! 2.4 ~9! 6.4 41

1935.9~2! 3.3 ~16! 6.2 61

2023.0~4! (21)
2091.6~1! 2.1 ~3! 6.4 31

2182.1~2! (52)
2223.3~1! 3.1 ~27! 6.1 (52)
2322.4~1! 0.8 ~4! 6.7 (41)
2471.8~1! 2.7 ~9! 6.1 (52)
2557.6~2!

2621.0~1! 1.2 ~3! 6.4
2640.6~2! 1.8 ~5! 6.2
2653.0~2! 1.0 ~2! 6.5
2662.0~1! 1.0 ~3! 6.5
2723.4~1!

2745.8~3! 1.1 ~2! 6.4
2756.0~1! 4.2 ~7! 5.8
2822.4~1! 0.9 ~3! 6.4
2923.3~3! 1.1 ~1! 6.3
2954.4~1! 5.3 ~7! 5.6
2978.8~1! 1.2 ~2! 6.2
3031.9~1! 26.0 ~30! 4.9
3237.1~1! 1.4 ~2! 6.0
3260.0~1! 3.8 ~5! 5.6
3265.8~2! 9.1 ~11! 5.2
3290.4~1! 13.6 ~16! 5.0
3328.6~5! 3.0 ~4! 5.7
3347.0~3! 1.1 ~1! 6.1
3460.4~2! 1.2 ~2! 6.0
3466.0~4!

3483.3~3! 0.5 ~1! 6.4
06430
V
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confirm the former level scheme of118Cd and allow for the
addition of several new levels and their interpretations ba
on the systematics.b feedings and logft values are calcu-
lated as well under the assumption as aforementioned
general, the decay properties of118Agm are very similar to
that of 116Agm @9#. This can be seen from the populate
levels in 118Cd as well as their population strengths. The
fore one can compare the levels in these two Cd nuclei.

A new level at 2023.0 keV is identified by the transitio
of 1535.2 keV to the 487.8 keV 21

1 state, see Fig. 1. The
1535.2 keV transition was previously observed in Ref.@29#,
but not placed in the level scheme. The 1535.2 keV tran
tion is influenced by the existence of another 1537.0 k
transition placed between the levels at 3466.0 and 192
keV @29#. Nevertheless, the intensity of the 1535.2 keV tra
sition can be obtained by looking up the difference betwe
the total 1535 keV peak and the contribution of t
1537 keV transition seen from coincidence spectra, for
ample, in the gate of the 764 keV transition. It is found th
the 1535.2 keV transition is less intense than previously
served in Ref.@29# by roughly a factor of 4. This might
indicate that the 1535.2 keV transition is from the decay
118Agg.

Previous studies have identified that the118Cd levels at
1915.8, 1929.1, 1935.9, 2073.7, and 2091.6 keV are the1,
41, 61, 01, and 31 states, respectively. The 24

1 and 32

states are missing comparing with the known states in116Cd
at this excitation energies. In the decay of116Agm, a
1951.4 keV 24

1 state in116Cd is weakly populated, only one
decay branch to the 513.5 keV 21

1 state is observed, while
the 32 state at 1921.8 keV has another strong decay bra
to the 1213.1 keV 22

1 state@9#. Therefore the new 2023.0
keV level in 118Cd appears more probable as the 24

1 state
rather than the 32 state.

Several 52 bandheads are known in116Cd @39,40#, these
52 states are also populated inb2 decay of116Agm, i.e., the
2249.1, 2292.3, and 2504.1 keV levels. The previou
known 2223.3, 2182.1, and 2471.8 keV levels in118Cd
might correspond to the above mentioned 52 states in116Cd,
respectively, by their very similar decay properties. Directb
feedings to these levels are very small, supporting an e
parity for 118Agm. In addition, several new transitions a
placed as decaying from the 3031.9 and 3290.4 keV lev
which makes it more evident that these two levels are
most strongly fed ones in this decay. The logft values of 4.9
and 5.0, respectively, indicate allowedb transitions that
might be associated with the fastng7/2→pg9/2 Gamow-
Teller ~GT! transition.

The decay parent118Agm was tentatively assigned as a 41

state, which also decays to the118Ag (12) ground state by
an E3 isomeric transition@26,38#. The weak but visible di-
rect feedings to the excited 01 states in118Cd by the decay
of 118Agg appears in consistency with this assignment,
51 may also be possible from the population of the 61 118Cd
level as well as from the similarity comparing with the dec
of 116Agm. We also note that in theb decay of 118Pd, the
118Ag ground state was suggested as a 22 state@37#.
3-4
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FIG. 3. Decay scheme o
118Agm ~lower part!. Dashed tran-
sitions are weak and only seen i
the 487.8 keV gated spectru
The excited 01 states in118Cd are
included for completeness.
d
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B. Decay of 120Ag

1. Intensity ratios and decay half-lives

In the experiment for120Ag, one tape cycle containe
collection and decay periods. To assign the120Cd transitions
to the decay of the two known120Ag states, the peak areas
each transition during the decay and growth-in periods h
been analyzed. These are shown in Fig. 5. In the fig
06430
e
e,

transitions assigned to the decay of120Agm can be recog-
nized by the smallest ratios, while transitions belonging
the decay of 120Agg are indicated by larger ratios. Som
transitions, for example, the 505.7 and 697.5 keV ones,
present in both decays; their ratios are therefore in betwe
The half-life of 120Agm was then analyzed from the mo
intenseg rays assigned to this decay. A weighted average
T1/250.4060.03 s was obtained. This is shown in Fig. 6 f
f
FIG. 4. Decay scheme o
118Agm ~higher part!.
3-5
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Y. WANG et al. PHYSICAL REVIEW C 67, 064303 ~2003!
the 829.6 and 925.6 keV transitions. This value is larger t
the previously reported 0.32~4! s @26,41#. For the ground
state of 120Ag, the cycle length is inadequate for a reliab
analysis of its half-life. We note that values of 1.17~5! s and
1.25~3! s have been reported by different groups@26,41,42#,
the evaluated half-life is 1.2360.03 s@43#.

2. Decay scheme of120Agg

Transitions assigned to the decay of120Agg are listed in
Table III. The populated levels in120Cd are listed in Table
IV. The decay scheme is shown in Fig. 7. The present w
confirms the former level scheme of120Cd reported in Ref.
@29# with addition of the upper four new levels. Tentativ
assignments of 31, 21, and 41 to the levels at 1899.0
1920.5, and 1997.9 keV, respectively, are based on sys
atics from 116Cd and 118Cd. The (23

1) state at 1920.5 keV

FIG. 5. Decay/growth intensity ratios for the transitions
120Cd. The separator cycle was 1.7 s with collection during the fi
0.7 s. The average ratio for the120Agm parent activity~0.4 s! is
calculated to be 1.1. For120Agg this ratio is estimated to be abou
1.7. The larger experimental ratios indeed indicate some long-l
components that do not agree with120Agg ~1.23 s! and 120Pd ~0.5 s!
@37#, which might suggest another long-lived isomer in120Ag. See
text.

FIG. 6. Half-life of 120Agm.
06430
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m-
appears to correspond to the (24

1) state in116Cd and118Cd.
This 21 level in these three Cd nuclei is observed inb decay
by a transition to the 21

1 state. The (31) state at 1899.0 keV
decays to the first two 21 states, so does the (42

1) state at
1997.9 keV with another branch to the 41

1 state. These three
120Cd levels along with the 2032.8 keV 61 state are dis-
cussed in the following section as candidates of the thr
phonon states. According to the quadrupole vibrator mode
04

1 state is expected at this excitation energy region to fo
the complete set of three-phonon quintuplet. However, i
not observed in the present experiment. The 01 and 21 as-
signments to the 1744.5 and 2093.8 keV levels are from R
@29#. These two levels were presented as the lowest intru
states in Refs.@20,22#.

Fogelberget al. suggested a tentative assignment of 31

for the ground state of120Ag @26#. The present work support

t

d

TABLE III. List of g rays from the decay of120Agg. 100 g
intensity units correspond to ab feeding of 93.0%.

Eg ~keV! I g ~Rel.! Ei ~keV! Ef ~keV! I i
p I f

p

442.0~3! 0.3 ~1! 2362.3 1920.5 (23
1)

505.7~1! 100 505.7 0.0 21
1 01

1

549.7~2! 1.5 ~1! 2448.8 1899.0 (31)
576.1~2! 3.0 ~3! 1899.0 1322.8 (31) 22

1

675.0~2! 2.6 ~2! 1997.9 1322.8 (42
1) 22

1

697.5~1! 41.7 ~63! 1203.2 505.7 41
1 21

1

771.1~2! 3.3 ~6! 2093.8 1322.8 24
1 22

1

794.7~2! 2.3 ~2! 1997.9 1203.2 (42
1) 41

1

817.0~1! 14.4 ~11! 1322.8 505.7 22
1 21

1

882.9~3! 0.8 ~1! 1388.6 505.7 02
1 21

1

890.4~2! 2.7 ~2! 2093.8 1203.2 24
1 41

1

1039.4~3! 0.4 ~1! 2362.3 1322.8 22
1

1061.2~4! 0.2 ~1! 3423.6 2362.3
1159.0~3! 2.2 ~2! 2362.3 1203.2 41

1

1238.8~4! 0.4 ~1! 1744.5 505.7 03
1 21

1

1245.9~3! 5.1 ~4! 2448.8 1203.2 41
1

1322.9~2! 7.5 ~8! 1322.8 0.0 22
1 01

1

1329.8~3! 7.4 ~6! 3423.6 2093.8 24
1

1393.4~3! 4.9 ~6! 1899.0 505.7 (31) 21
1

1407.1~3! 3.6 ~3! 3500.6 2093.8 24
1

1414.8~3! 2.8 ~2! 1920.5 505.7 (23
1) 21

1

1456.2~3! 1.3 ~2! 3549.9 2093.8 24
1

1492.3~3! 1.8 ~2! 1997.9 505.7 (42
1) 21

1

1524.7~3! 2.6 ~2! 3423.6 1899.0 (31)
1552.2~4! 0.6 ~1! 3549.9 1997.9 (42

1)
1588.1~3! 7.1 ~6! 2093.8 505.7 24

1 21
1

2100.7~5! 0.8 ~1! 3423.6 1322.8 22
1

2125.7~5! 0.9 ~1! 3328.9 1203.2 41
1

2178.1~4! 1.4 ~1! 3500.6 1322.8 22
1

2297.1~4! 1.8 ~2! 3500.6 1203.2 41
1

2346.5~3! 6.8 ~6! 3549.9 1203.2 41
1

2823.2~4! 3.3 ~3! 3328.9 505.7 21
1

2994.7~4! 4.5 ~4! 3500.6 505.7 21
1

3044.0~4! 3.5 ~3! 3549.9 505.7 21
1

3-6
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b DECAY OF NEUTRON-RICH118Ag AND 120Ag ISOTOPES PHYSICAL REVIEW C67, 064303 ~2003!
this assignment by the observation of directb feedings to the
low-lying 21

1 , 41
1 , and 22

1 levels. The spins for the120Cd
higher-lying new levels can be therefore limited to a range
2–4 with an even parity according to the feedings.

3. Decay scheme of120Agm

Transitions assigned to the120Agm decay are listed in
Table V. The populated120Cd levels are listed in Table VI

TABLE IV. Levels in 120Cd populated in the decay of120Agg.
The logft values are calculated withQb58.3 MeV @28,29# and
T1/251.23 s. The typical error for logft is 0.1.

Energy~keV! b feeding~%! log ft I p

0.0 01

505.7~1! 13.9 ~53! 6.1 21

1203.2~1! 18.6 ~50! 5.8 41

1322.8~1! 9.7 ~15! 6.1 21

1388.6~3! 0.8 ~1! 7.2 01

1744.5~4! 0.4 ~1! 7.4 01

1899.0~2! 3.5 ~7! 6.4 (31)
1920.5~3! 2.4 ~3! 6.5 (21)
1997.9~2! 5.7 ~6! 6.1 (41)
2093.8~2! 0.7 ~10! 21

2362.3~2! 2.4 ~3! 6.4
2448.8~2! 6.1 ~6! 5.9
3328.9~3! 4.0 ~5! 5.8
3423.6~2! 10.3 ~10! 5.4
3500.6~2! 10.4 ~10! 5.3
3549.9~2! 11.3 ~11! 5.3
06430
f

The decay scheme is shown in Fig. 8. The feedings to
low-lying 21

1 , 41
1 , 22

1 , as well as to the (31) and (42
1)

levels, are calculated by the balance of theg-ray intensity
flow, under assumption that these levels are only directly
in the 120Ag ground state decay.

Several new120Cd levels are identified and added in th
decay scheme, including the strongly fed ones at 2686.1
3773.2 keV. The earlier observed120Cd ground state band
@23–25# is only weakly populated in theb2 decay up to
(81) level at 2885.6 keV. Another (81) state at 2920.6 keV
is also observed. The 2128.9 keV level is assumed as a2

state by the intense transition of 925.6 keV to the 41
1 level, a

similar transition in116Cd and118Cd has been observed from
the 2249.1 and 2223.3 keV levels, respectively. The siza
feedings to the 2128.9 keV level are consistent with 62 for
120Agm that also decays to the120Ag ground state by anE3
isomeric transition@26#. Unlike the decay of116Agm and
118Agm, the 120Agm total decay strength is spread over mo
levels in 120Cd. The 2686.1 and 3773.2 keV120Cd levels
may have spins of 5–7 with odd parity, indicated by t
allowedb transitions.

IV. DISCUSSION

The structure of even mass Cd nuclei has been well
scribed in terms of configuration mixing of the quadrupo
anharmonic vibration and intruder excitations@12#. Since the
proton-neutron quadrupole interaction is primarily respo
sible for the excitation energies of intruder states, the res
ant V-shape energy systematics of intruder states also refl
the degree of mixing of these two kinds of excitations. Wh
FIG. 7. Decay scheme of120Agg. The dashed transition is regarded as tentative.
3-7
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Y. WANG et al. PHYSICAL REVIEW C 67, 064303 ~2003!
moving from the neutron midshell, the excitation energies
the intruder states are expected to increase rapidly. This
plies a possible distinct identification of these two families
excitations. In the neighboring116Cd nucleus, the complet
set of three-phonon quintuplet as well as the intruder band
to the 61 level have been identified@9,10,20#. A systematics
of intruder levels in doubly even Cd nuclei has been b
@20,22#. With compilation of the previous results, we discu

TABLE V. List of g rays from the decay of120Agm; 100 g
intensity units correspond to ab feeding of 98.6%.

Eg ~keV! I g ~Rel.! Ei ~keV! Ef ~keV! I i
p I f

p

115.0~3! 0.7 ~1! 2208.5 2093.8 (43
1) 23

1

131.1~2! 1.9 ~1! 2128.9 1997.9 (51
2) (42

1)
146.8~3! 0.6 ~1! 2489.4 2342.5
175.7~2! 1.5 ~2! 2208.5 2032.8 (43

1) 61

182.2~3! 0.9 ~1! 2524.5 2342.5
196.8~2! 8.1 ~5! 2686.1 2489.4
213.7~2! 8.0 ~5! 2342.5 2128.9 (51

2)
255.0~2! 2.7 ~2! 2779.5 2524.5
280.8~2! 7.8 ~5! 2489.4 2208.5 (43

1)
309.4~2! 5.9 ~4! 2208.5 1899.0 (43

1) (31)
335.1~2! 2.2 ~2! 2677.6 2342.5
343.8~2! 1.3 ~1! 2686.1 2342.5
360.4~2! 8.0 ~5! 2489.4 2128.9 (51

2)
395.6~2! 3.6 ~2! 2524.5 2128.9 (51

2)
413.8~2! 4.1 ~3! 2542.9 2128.9 (51

2)
491.6~2! 6.1 ~4! 2524.5 2032.8 61

505.7~1! 100 505.7 0.0 21
1 01

1

510.4~2! 1.6 ~2! 2542.9 2032.8 61

557.1~2! 3.3 ~3! 2686.1 2128.9 (51
2)

576.1~2! 3.2 ~6! 1899.0 1322.8 (31) 22
1

590.5~2! 2.5 ~2! 2489.4 1899.0 (31)
653.3~2! 4.2 ~3! 2686.1 2032.8 61

659.4~2! 3.5 ~3! 2788.3 2128.9 (51
2)

675.0~2! 0.8 ~4! 1997.9 1322.8 (42
1) 22

1

697.5~1! 91.3 ~10.0! 1203.2 505.7 41
1 21

1

771.1~2! 0.2 ~1! 2093.8 1322.8 23
1 22

1

794.7~2! 0.7 ~2! 1997.9 1203.2 (42
1) 41

1

817.0~1! 2.7 ~6! 1322.8 505.7 22
1 21

1

829.6~1! 20.4 ~14! 2032.8 1203.2 61 41
1

852.8~3! 0.5 ~1! 2885.6 2032.8 (81
1) 61

887.8~3! 0.8 ~1! 2920.6 2032.8 (82
1) 61

890.4~2! 0.2 ~1! 2093.8 1203.2 23
1 41

1

925.6~1! 55.1 ~38! 2128.9 1203.2 (51
2) 41

1

985.1~2! 1.6 ~2! 3773.2 2788.3
1005.2~2! 7.2 ~5! 2208.5 1203.2 (43

1) 41
1

1139.3~2! 5.8 ~5! 2342.5 1203.2 41
1

1230.1~3! 1.1 ~1! 3773.2 2542.9
1286.6~3! 2.0 ~2! 2489.4 1203.2 41

1

1322.9~2! 1.4 ~3! 1322.8 0.0 22
1 01

1

1393.4~3! 5.1 ~8! 1899.0 505.7 (31) 21
1

1492.3~3! 0.5 ~2! 1997.9 505.7 (42
1) 21

1

1588.1~3! 0.4 ~2! 2093.8 505.7 23
1 21

1

1644.3~3! 8.4 ~7! 3773.2 2128.9 (51
2)
06430
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the low-lying level structure of118Cd and 120Cd in the con-
text of coexistence of quadrupole anharmonic vibration a
intruder excitations.

A. Intruder states in 118Cd and 120Cd

Systematics of the intruder states in doubly even Cd
clei is shown in Fig. 9. In118Cd it involves the 1615.1 keV
03

1 and 1915.8 keV 23
1 levels. The energy difference of 30

keV between these two levels agrees well with the syste
atic behavior. Although the 23

1 level was interpreted as
member of the three-phonon quintuplet in Ref.@8#, the new
2023.0 keV (24

1) state could be a substitute. Next, the i
truder 41 state may have a large chance to be popula
provided that118Agm has 41 or 51 character. It was demon
strated in the116Agm decay that the116Cd intruder 41 state
at 2041.9 keV was weakly populated@9#. As the systematics
shows, the intruder 41-21 energy difference is roughly 400
keV, and an intrabandE2 transition is always observed. Ac
cording to this behavior, the 2322.4 keV118Cd level is a
very suitable candidate for the 41 intruder state. The candi
date level decays to the 1915.8 keV 23

1 state via a
406.6 keV transition, and also via the 1157.4 and 230.9 k
transitions to the 1164.9 keV 41

1 and 2091.6 keV 31 states,
respectively. In addition, the 2322.4 keV level is fed fro
two higher-lying levels at 2756.0 and 3290.4 keV as sho
in the decay scheme.

In the case of120Cd, the 1744.5 keV 03
1 and 2093.8 keV

24
1 states are included in this intruder systematics. The sp

TABLE VI. Levels in 120Cd populated in the decay of120Agm.
The logft values are calculated withQb58.5 MeV @28# and T1/2

50.40 s. The typical error for logft is 0.1.

Energy~keV! b feeding~%! log ft I p

0.0 01

505.7~1! 21

1203.2~1! 41

1322.8~1! 21

1899.0~2! (31)
1997.9~2! (41)
2032.8~2! 5.6 ~17! 5.7 61

2093.8~2! 21

2128.9~1! 18.0 ~42! 5.1 (52)
2208.5~1! 7.3 ~14! 5.5 (41)
2342.5~2! 8.6 ~15! 5.4
2489.4~1! 12.5 ~21! 5.2
2524.5~2! 7.8 ~13! 5.4
2542.9~3! 4.5 ~8! 5.6
2677.6~3! 2.2 ~4! 5.9
2686.1~1! 16.7 ~26! 5.0
2779.5~3! 2.6 ~4! 5.8
2788.3~3! 1.9 ~4! 5.9
2885.6~4! 0.5 ~1! 6.5 (81)
2920.6~4! 0.8 ~2! 6.3 (81)
3773.2~2! 10.9 ~18! 4.8
3-8
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FIG. 8. Decay scheme o
120Agm.
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of these two levels have been determined in Ref.@29#. In the
present work, these two levels are populated in the120Ag
ground state decay. In general,b transitions to the intrude
states are slow. This might be due to the very different c
figurations of the involved states.

B. The three-phonon states in118Cd and 120Cd

Aprahamian et al. suggested that the 1915.8, 1929
1935.9, 2073.7, and 2091.6 keV levels form a complete
of three-phonon quintuplet of 21, 41, 61, 01, and 31

states@8#. The present work modifies this interpretation on
by the substitution of the 1915.8 keV 23

1 state with the new
2023.0 keV (24

1) state in accordance with the intruder sy
tematics.

FIG. 9. Systematics of the intruder states in Cd nuclei. Yr
21,41,61 states are shown for comparison.
06430
-

,
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One important character of the quadrupole three-pho
states is the preferred one-phonon decay to theN52 states
by E2 transitions. This can be tested by theB(E2) ratios, as
were presented in Ref.@8# for 118Cd. For example, the
1929.1 keV 42

1 state has three decay branches to one-pho
21

1 state and two-phonon 41
1 , 22

1 states. TheB(E2;42
1

→22
1)/B(E2;42

1→21
1) ratio is 78 according to their relative

intensities of these twoE2 transitions. This value is smalle
than that in Ref.@8# of 100 but still clearly shows the domi
nance of DN51. For the 2091.6 keV 31 state, the
B(E2;31→22

1)/B(E2;31→21
1) ratio is 15 if both transi-

tions are pureE2. With correction of theE2/M1 mixing
ratio of 1.15 for the 1603.7 keV transition@43#, the B(E2)
ratio increases to 26.

For the 2023.0 keV (24
1) and 2073.7 keV 04

1 states, pre-
sumably due to the very weak population in the present
cay experiment, only a decay branch to the one-phonon1

1

state has been observed. Since theDN51 transitions are
disfavored by their low energies comparing withDN52, the
fact that ofDN51 transitions are not observed from the
two levels does not directly contradict the interpretation.
116Cd the (n,n8g) reaction measurements have shown t
the 24

1 state at 1951.4 keV predominantly decays to the tw
phonon 02

1 state@10,44#. In any case, further investigation
are needed for a better understanding of the 04

1 and 24
1 states

in 118Cd.
In 120Cd, we have pointed out that the 1899.0 keV (31),

1920.5 keV (23
1), 1997.9 keV (42

1), and the 2032.8 keV 61

levels could be candidates for the three-phonon states.
suming that the above spin assignments are correct, for
1997.9 keV (42

1) state, the B(E2;42
1→22

1)/B(E2;42
1

→21
1) value of 77 can be deduced, which is very close to

t

3-9
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FIG. 10. Comparison of the three-phonon states in116,118,120Cd populated inb2 decays. A 52 level mentioned in the preceding sectio
is also shown. Results on116Cd are taken from Ref.@9#.
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value for the 1929.1 keV 42
1 level in 118Cd. For the

1899.0 keV (31) state, the B(E2;31→22
1)/B(E2;31

→21
1) ratio is 51 if pureE2 transitions are assumed. Finall

the three-phonon states in116,118,120Cd nuclei are shown in
Fig. 10 for comparison.

C. b-decay properties

The neutron-rich odd-odd Rh and Ag isotopes are kno
to have a higher-spin isomer that strongly decays to the t
quasineutron states in the even-even daughter nu
@9,35,45,46#. According to the spherical single-partic
model, the allowed Gamow-Teller transition for neutron-ri
rhodium and silver nuclei is only energetically possible via
core neutronng7/2→pg9/2 transition. Therefore, it can b
inferred that the main component of the two-quasineut
states in Pd and Cd daughter nuclei involves ag7/2 neutron
hole plus a valence neutron among thed5/2, d3/2, s1/2, and
h11/2 orbitals. However, when considering the residual int
action and possible deformations, this simple picture may
far from adequate.

From the systematics of neutron-rich odd-mass silver
topes, the low-lyingb-decaying isomers are the 1/22, 7/21

states@47#. Rotational bands built on top of these two leve
have been established and interpreted in terms
p1/22@301# and p7/21@413# Nilsson orbitals associate
with prolate deformations@48#. For the odd-mass Cd nucle
one can find 1/21, 3/21, and 11/22 isomers appearing at low
excitation energies. It is explained that these levels mi
carry the major part of the neutrons1/2, d3/2, and h11/2
strength@49#. Coupling these states, it is possible to obta
the spins of theb-decaying states in118Ag and 120Ag iso-
06430
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topes. In particular, for the higher-spin isomer of118Ag, spin
of (4,5)1 may arise from the configurations o
p7/21@413#-n1/21@411# or p7/21@413#-n3/21@402# Nils-
son orbitals. In either case, Gamow-Teller transition of a c
neutron ing7/2 orbital can lead to two-quasineutron config
rations in the final state. This could correspond to t
3031.9 keV level in118Cd with a low logft value of 4.8. In
the 116Agm decay, a similar two-quasineutron state at 295
keV in 116Cd was observed with a logft value of 4.9@9#. The
smoothness of the decay properties of116Agm and 118Agm

could imply very similar configurations. However, config
rations must be admixed as indicated by the splitting of
GT strength over a few transitions.

In the case of120Agm, the total strength is spread ove
more levels in 120Cd. Although the 3773.2 keV level in
120Cd is fed with a logf t value of 4.8, this level is somehow
higher in excitation energy. It is indeed necessary to invo
the h11/2 orbital to create the 62 state for 120Agm. This is
found in odd-mass Cd nuclei as creating the 11/22 isomers
@49#.

V. CONCLUSION

b decays of neutron-rich118Ag and 120Ag isotopes have
been investigated using on-line mass-separated sources
decay properties of118Agm are similar to116Agm, but differ-
ent from 120Agm, which might indicate the onset of occupa
tion of h11/2 neutron orbital. A large number of new levels
118Cd and120Cd has been observed. In the case of118Cd, the
complete set of the quadrupole three-phonon quintuplet
been presented with a new level at 2023.0 keV. A 2322.4 k
level is proposed as the 41 intruder state on top of the 03

1

and 23
1 states following the systematics. Candidates
3-10
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the quadrupole three-phonon states in120Cd have been also
presented. The results support the coexistence of quadru
anharmonic vibration and intruder excitations in these t
Cd nuclei. In order to test the predictions of relevant nucl
models and definitely establish the origin of excitations, f
ther measurements of angular correlations and trans
rates are highly needed.
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