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The high spin level structure of104Ag has been extended toIp=20+ and excitation energy of 7.159 MeV
through the discrete lineg-ray spectroscopy. The negative parity ground state band has been confirmed and
extended toIp=18−. Two new nonyrast dipole bands, one with positive and the other with negative parity, have
been observed. The parities of the two bands have been established through polarization directional correlation
measurement of the feed-out transitions from these bands. The level lifetimes have been measured in the
ground state band and the positive parity dipole band. The measured total angular momenta and theBsM1d
rates have been compared with the predictions of hybrid version of the tilted axis cranking. TheBsM1d rates
have also been compared with the values obtained from Dönau’s geometric formula. The tilted axis calcula-
tions give good overall agreement which suggests that all the three bands of104Ag exhibits magnetic rotation.
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I. INTRODUCTION

The magnetic rotation has been observed in nuclei having
small deformations and is characterized by aDI =1 rotational
structure rather than aDI =2 structure. Thus, the intraband
transitions are predominantly magnetic dipolesM1d in nature
while the crossoverE2 transitions are either weak or absent.
In addition, these bands exhibit smaller dynamical moments
of inertia compared to those of normally deformed nuclei
and have highK values(projection of total angular momen-
tum on symmetry axis) for the bandheads which implies
multiquasiparticle configurations.

In the case of magnetic rotation, the angular momentum is
generated by gradual alignment of spins of the deformation-
aligned and the rotation-aligned quasiparticles and the angu-
lar momentum is not along any of the principal axes of the
nucleus. The theoretical explanation for the bands which
originates due to magnetic rotation(M1 bands) has been pro-
vided by the tilted axis cranking(TAC) [1] model. In mass-
100 region, theM1 bands have been observed for configu-
rations where the quasiprotons are in highV orbitals offg9/2g
while the quasineutrons occupy the lowV orbitals offh11/2g.
A large number ofM1 bands have been observed in the
even-even and odd mass nuclei mass-100 region(45øZ
ø50 andN.50) [2–8]. However, only recently,M1 bands
have been reported in odd-odd108,110In isotopes[9].

In the previous study of104Ag, a strongly coupled yrast
band with pg9/2^ nh11/2 configuration has been reported
[10,11]. The present work suggests significant extension in

the level scheme of104Ag and two new nonyrast dipole
bands have been identified. A comparison between the ob-
served characteristics of the three bands and the results of
TAC calculations seems to suggest that all the three bands of
104Ag originate due to magnetic rotation.

II. EXPERIMENT

The high spin states of104Ag were populated through
76Ges35Cl,a3ngd104Ag reaction using the 132 MeV35Cl
beam from the 14-UD Pelletron at TIFR. The target was
prepared by evaporating,700 mg/cm2 of 99.8% enriched
76Ge on 10 mg/cm2 Au foil. The g rays were detected by an
array consisting of eight Compton suppressed Clover detec-
tors [12], which were placed in the horizontal plane at 60°,
90°, 120°, 150°, 215°, 255°, 285°, and 325° with respect to
the beam direction. The present geometry allows the polar-
ization measurements of the observedg rays using the Clo-
ver detectors.

A total of 2003106 threefold coincidences were col-
lected.

III. ANALYSIS METHOD

The data were sorted in the following four different ma-
trices by unfolding each threefold coincidence event into
three twofold events with a time gate of 100 ns. The sym-
metric matrix was analyzed with theRADWARE program
ESCL8R [13] while all the asymmetric matrices were ana-
lyzed usingRADWARE program SLICE[13].
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(1) The symmetrizedEg-Eg matrix: This was used to generate various gated spectra.
(2) The asymmetric angular correlation matrix: This was formed in order to determine the directional correlation orienta-

tion (DCO) ratios, defined as

RDCO =
Igsobserved at 150 ° , 215 ° , and 325 ° , gate on 90 ° , 255 ° , and 285°d
Igsobserved at 90 ° , 255 ° , and 285 ° , gate on 150 ° , 215 ° , and 325°d

, s1d

which were compared with the theoretical DCO ratios for
spin assignments.

(3) The asymmetric PDCO matrices: Two asymmetric
matrices were sorted in order to determine the electromag-
netic nature(electric or magnetic) of theg rays by the polar-
ization directional correlation(PDCO) method[14]. In this
method, the asymmetry of Compton-scattered polarized pho-
ton was calculated from the expression

A =
aNs90 ° d − Ns0 ° d
aNs90 ° d + Ns0 ° d

, s2d

whereNs90°d andNs0°d denote the number ofg rays with
scattering axis perpendicular and parallel to the emission
plane anda is the correction term due to the asymmetry in
response to the Clover segments. It is defined as

a =
Ns0°dsunpolarizedd
Ns90°dsunpolarizedd

, s3d

and is measured as a function of energy with a radioactive
source. For the present array, the energy dependence of the
correction term was determined with152Eu and 66Ga sT1/2

=9.41 hd sources. The66Ga source was prepared through
52Crs16O,pnd66Ga reactionf12g. With this source the value
of a could be measured up to2752 keV.Figure 1 shows
that the correction term, over this long energy range, is
nearly constant and has a value close to 1.0.

One of the PDCO matrices was constructed by placing the
events along one axis(x axis) recorded in the two segments
which are parallel to the emission plane while the coincident
g ray was placed on the other axis(y axis). The other matrix
was formed in a similar way but in this case, events from the
segments of the Clover detectors which were perpendicular
with respect to the emission plane were considered. Accord-
ing to the present definition, a negative PDCO value would
imply a magnetic transition while a positive value corre-
sponds to an electric transition.

(4) The asymmetric Doppler-Shift attenuation method
(DSAM) matrices: Three asymmetric DSAM matrices were
constructed to perform the line shape analysis. These matri-
ces were constructed by placing events recorded at a specific
angle(60°, 120°, and 90°) on x axis while events recorded at
all other angles were placed ony axis. The line shapes were
observed aboveI =13" at both forward and backward angles
by putting gates on they axis and projecting the spectra on
the x axis. The lifetimes of different states of104Ag were
measured by fitting these experimental line shapes with the
LINESHAPE analysis code developed by Wells and Johnson
[15].

IV. RESULTS

A. Level scheme

The partial level scheme of104Ag (shown in Fig. 2) has
been established using the relative intensities ofg rays in
various g gates, the DCO and PDCO ratios. The present
work confirms the level scheme established in the earlier
works [10,11]. The portions of the level scheme which has
been extended or modified are discussed below. The relative
intensities ofg rays belowIp=11− state were estimated from
gates on the symmetrizedEg-Eg matrix, while the relative
intensities of theg rays which exhibit line shapes at forward
and backward angles were obtained from the gated spectra at
90°. The intensities for theDI =1 andDI =2 transitions in the
gated spectra at 90° were obtained by normalizing them with
respect to the intensities of the 346 and 678 keV transitions,
respectively, which have been estimated from the symme-
trized Eg-Eg matrix.

Band 1.It is a negative parity band with bandhead atIp

=8− which predominantly decays to theIp=7+ state through
the 865 keV transition. All the transitions reported earlier
[10,11] have been reconfirmed except for the 570 keVg ray
which deexcites 17− level. This transition energy has been
modified to 572 keV and this change is supported by the
presence of the corresponding crossoverE2 transition of
1092 keV. This band has been extended toI =18" through

FIG. 1. Correction factora defined in Eq.(3) as a function of
g-ray energy for the Clover detector array. The solid line shows the
bestx2 fit to the data points which give the parametric dependence
of the correction term on theg energy.
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the placement of anM1 transition of energy 628 keV. The
crossoverE2 transition of 1200 keV has also been identified.

The intensity of the 444 keV transition which deecxcites
13− level has been determined from the 777 keV gated spec-
trum while the intensity of the lower 444 keV transition has
been estimated by subtracting the intensity of upper 444 keV
transition from the observed intensity of the 444 keV transi-
tion in 175 keV gate.

The DCO values have been extracted from the DCO ma-
trices using the 175 keV and 346 keV gates and have been
tabulated in Table I. In the present setup, the measured DCO
ratio for 175 keV transition in theE2 gate of 678 keV was
found to be 0.62. This value was reproduced by theoretical
calculations where the value of the spin alignment parameter
sI / I and the mixing ratiod were assumed to be 0.35 and
0.02, respectively. The value ofd is consistent with the pre-
vious measurement[10]. The calculated DCO ratios for vari-
ous combinations of multipolarities for the present array are
listed in Table II. The multipolarities of the transitions and
the spins of the energy levels in104Ag have been obtained by
comparing the measured DCO ratios with the theoretical val-
ues listed in Table II.

The electric and the magnetic characters of the observed
transitions were determined through the PDCO measure-

ments. The PDCO values have been extracted from the
PDCO matrices using the above-mentioned gates and are
tabulated in Table I. The measured PDCO values for differ-
ent g rays have been plotted in Fig. 3 which shows that the
previously reportedE2 andM1 transitions have positive and
negative PDCO values, respectively. The error bars on the
measured values correspond to 90% confidence since these
errors were estimated by considering the extreme possible
values ofNs0°d andNs90°d.

The 175 and 444 keV gates belonging to Band 1 are
shown in Fig. 4. In the 175 keV gate, there are some high
energy transitions which do not show any appreciable line
shapes. These transitions of 1357, 1484, and 1604 keV are
shown in the inset of Fig. 4(a). The DCO and PDCO values
of these transitions(given in Table I) establish them asE1
transitions. This assignment is consistent with absence of
line shapes, indicating long lifetimes expected forE1 transi-
tions. These transitions, therefore, provide the crucial con-
nections to the nonyrast positive parity band of104Ag.

In addition, three moreg transitions with energies 828,
975, and 1109 keV were observed in the 175 keV gate. The
DCO and PDCO values establish theM1 character for these
transitions. These transitions are the feed-out transitions from
the nonyrast negative parity band of104Ag.

FIG. 2. Partial level scheme of104Ag. The g
transition energies are in keV.
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TABLE I. Relative intensities, DCO and PDCO ratios forg transitions of energyEg which deexcite the
energy levelsEi in 104Ag. Unless otherwise mentioned, the values in column 5 are obtained from gate on pure
dipole sDd 175 keV transition.

Eg Ei Ii
p→ I f

p Relative intensity RDCOsDd PDCO

(keV) (keV)

100 212 7+→6+ 65.0(6.0)

113 339 6+→5+ 100.0(9.0)

175 1253 9−→8− 78.0(3.1)

212 212 7+→5+ 5.3(1.0)

280 1078 s8−d→ s8+d 4.1(1.0)

297 3648 15−→14− 3.9(0.4) 0.89(0.12)a −0.069s0.084d
310 3351 14−→13− 3.6(0.4) 0.89(0.12)

317 797 s8+d→ s7+d 5.7(1.0)

321 1118 s9+d→ s8+d 1.9(0.4)

333 1931 11−→10− 47.6(2.0) 0.94(0.04) −0.077s0.042d
346 1599 10−→9− 55.9(2.4) 0.93(0.04) −0.003s0.038d
361 4785 15+→14+ 4.2(0.5) 1.06(0.12)

367 480 s7+d→ s6+d 7.9(1.0)

380 5165 16+→15+ 8.3(0.6) 0.99(0.10)

406 5571 17+→16+ 12.0(0.9) 0.96(0.08) −0.088s0.072d
444 2376 12−→11− 46.7(3.1) 0.93(0.03) −0.021s0.031d
444 2820 13−→12− 44.9(2.9) 0.93(0.03) −0.021s0.031d
449 4097 16−→15− 5.4(0.5) 0.97(0.14)a

480 6051 18+→17+ 7.8(0.8)

481 3301 14−→13− 33.1(3.1)

507 3808 15−→14− 28.8(1.4) 0.97(0.06) −0.040s0.037d
520 4328 16−→15− 20.1(1.3) 0.94(0.07)a −0.079s0.061d
521 1599 10−→8− 14.1(1.1)

527 4624 17−→16− 4.0(0.4)

544 6595 19+→18+ 6.5(0.5)

563 7159 20+→19+ 5.8(0.4)

572 4901 17−→16− 15.3(1.0) 0.85(0.08)a −0.029s0.030d
585 797 8+→7+ 4.1(0.8)

628 5528 18+→17+ 8.3(0.7)

678 1931 11−→9− 14.1(1.0) 1.41(0.13) 0.018(0.070)

742 1078 3.6(0.4)

748 960 s6−d→7+ 1.7(0.5)

777 2376 12−→10− 8.2(0.7) 0.108(0.068)

815 1078 s7−d→7+ 7.6(1.0) 1.01(0.9)

828 3647 15−→13− 3.4(0.5) 0.98(0.15) −0.063s0.097d
848 960 s6−d→6+ 6.0(0.8)

865 1078 8−→7+ 30.0(2.0) 0.97(0.07)a 0.077(0.048)

888 2820 13−→11− 15.5(1.2) 1.36(0.13)a

906 1118 s9+d→7+ 7.0(1.0) 1.58(0.21)a

926 3301 14−→12− 11.7(1.0) 1.47(0.17)a 0.053(0.082)

975 3351 s14−d→12− 4.2(0.6)

989 3808 15−→13− 12.0(1.1) 1.42(0.16)a

1028 4328 16−→14− 7.1(1.0) 1.55(0.17)a 0.138(0.088)

1092 4901 17−→15− 4.7(0.6) 1.60(0.23)

1109 3041 13−→11− 4.0(0.5) 0.95(0.12) −0.055s0.118d
1200 5528 18−→16− 3.6(0.4) 0.91(0.12)
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Band 2.This is a negative parity nonyrast band with band-
head atIp=12−. This band feeds Band 1 through threeM1
transitions of energies 828, 975, and 1109 keV. The level
energies of this band could be fixed accurately due to the
presence of these three transitions along with the intraband
transitions of 297 and 310 keV. Figure 5(a) shows the
297 keV gate where the two feed-out transitions of 975 and
1109 keV are visible. In addition to the transitions belonging
to the Band 1, two more transitions of energies 449 and
527 keV were found to be in coincidence with 297 and
310 keV transitions. These transitions have been placed
above the 14− level according to their intensities. Thus, Band
2 consists of fourM1 transitions of 310, 297, 449, and
527 keV and no crossoverE2 transition could be observed.

Band 3.This is a positive parity band with bandhead at
Ip=14+. This band feeds Band 1 through threeE1 transitions
of energies 1357, 1484, and 1604 keV. In this band also,
there is a large degree of correlation in the lower part of the
band, which helps in fixing the level energies accurately. The
three feed-out transitions are shown in the inset of Fig. 5(b)
which shows the 406 keV gate. This band consists of sixM1
transitions which have been placed according to their ob-
served intensities. In this band also no crossoverE2 transi-
tions could be observed.

B. DSAM analysis

The line shapes were extracted by putting gates on they
axis of each of the three DSAM matrices and the Doppler
broadened line shapes were identified at forward 60° and
backward 120° angles with respect to the beam direction, by
comparing these spectra with those obtained at 90°.

In 104Ag, line shapes were observed in Band 1 and Band 3
above Ip=13− and Ip=16+, respectively. For each of the

above-mentioned angles, the level lifetimes of the two bands
were measured usingLINESHAPE analysis codes of Wells and
Johnson[15]. These codes were used to generate the velocity
profile of the recoiling nuclei into the backing using Monte
Carlo technique with a time step of 0.001 ps for 5000 histo-
ries. These profiles were generated at 60° and 120°. Elec-
tronic stopping powers of the Northcliffe and Shilling[16]
corrected for shell effects were used for calculating the en-
ergy loss.

The energies ofg transitions and the side-feeding intensi-
ties were extracted from the 90° spectra. These values were
used as input parameters for the line shape analysis. The side
feeding into each level and feeding to the topmost level of
each band were initially modeled as a cascade of five transi-
tions with a moment of inertia which is comparable to that of
the band of interest. The quadrupole moments of the side-
feeding sequences were allowed to vary which when com-
bined with the moment of inertia gave an effective side-
feeding lifetime parameters for each level. For every
observed line shape, in-band and side-feeding lifetimes,
background parameters and the intensities of the contaminant
peaks were allowed to vary. The energies of the contaminant
peaks were fixed from the 90° spectra. For each set of the
parameters the simulated line shapes were fitted to experi-
mental spectra usingx2-minimization routines ofMINUIT

[17].
For each band, the lifetime measurements were performed

starting with the topmost transition which was assumed to
have 100% side feed. The other parameters were allowed to
vary until the minimumx2 was reached. The background and
the stopped contaminant peak parameters for the best fit were
then fixed. Thus, the line shape analysis for the topmost tran-
sition led to the estimation of the effective lifetime for the
topmost level. For the next lower level, the effective lifetime

TABLE I. (Continued.)

Eg Ei Ii
p→ I f

p Relative intensity RDCOsDd PDCO

(keV) (keV)

1357 5165 16+→15− 6.0(0.9) 0.97(0.20)a 0.096(0.109)

1484 4785 15+→14− 10.9(1.2) 0.88(0.11)a 0.109(0.086)

1604 4424 14+→13− 7.2(1.0) 0.87(0.14) 0.132(0.116)

aRDCO from gate on 346 keV transition.

TABLE II. Calculated DCO ratios for the present array for different types of transitions considering spin
alignment parametersI / I =0.35.

Multipolarity I i → I f Gating transition Gating transition

DI =2 (stretched) DI =1 sd=0.02d
RDCO RDCO

Quadrupole(stretched) I → I −2 1.0 1.57

Dipole (stretched) I → I −1 0.60 0.97

Dipole sd.0d I → I −1 .0.60 .0.97

Dipole sd,0d I → I −1 ,0.60 ,0.97
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of the topmost level and the side-feeding lifetime were con-
sidered effective time parameters. In this way, each lower
level was then added one by one and fitted, until the entire
band was included in a global fit where only the in-band and
side-feeding lifetimes were allowed to vary. This procedure
of global fit was then repeated for the forward and backward
angles. The error bar on the lifetime values includes the fit-
ting error and the error in the side-feeding intensity. How-
ever, the systematic error in the stopping power values which
has not been included may be as large as 10%.

The lifetime values obtained for each level at these two
angles were found to agree within the limits of error and the
final values for the lifetimes were obtained by taking aver-
ages from the fits at these two angles. The examples of line
shape fits for fourg transitions are shown in Fig. 6. The
fitted line shapes are drawn with solid lines while the con-
taminant peaks are shown in dots. The 90° spectra have been
shown as references so as to identify the line shapes at the
forward and backward angles.

For each band,BsM1d and BsE2d transition rates have
been calculated using the equations given in Ref.[9]. The
measured lifetimes along with the correspondingBsM1d and
BsE2d values have been listed in Table III. In estimating the
BsM1d values, the mixing ratiod=0 was assumed for all the
DI =1 transition.

The line shapes for Band 1 were extracted from the
346 keV gate while for Band 3 the 1484 keV gate were used.
These two gates had the minimum number of contaminant
lines in the projected spectra. The present data are insuffi-
cient to extract any line shape in Band 2.

It was estimated usingLINESHAPE code that for the
present target-projectile combination, if the effective lifetime
of a level exceeds 4 ps then the correspondingg transition
does not show any significant line shape. Thus, it can be
concluded that the effective lifetimes for the 14+, 15+, and
16+ levels of Band 3 are more than 4 ps.

In the 346 keV gated spectrum, the 481 keV transition of
Band 1 and 480 keV transition of Band 3 both exhibit line
shapes which overlap with each other. However, it is inter-
esting to note that 481 keV transition will not exhibit any
line shape in 1484 keV gate. This is due to the fact that in
this gate, the 14− level is only fed by the 15+ level which has
an effective lifetime of more than 4 ps. Thus, the 481 keV

FIG. 3. The measured PDCO values[as defined in Eq.(2)] for
different g transitions in104Ag.

FIG. 4. g-g coincidence spectra with(a) 175
and (b) 444 keV gates in76Ges35Cl,a3ngd104Ag
reaction. The counts beyond 720 keV have been
scaled up by a factor of 2. The inset shows three
high energy g transitions observed in the
175 keV gate.
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transition is assumed to be a contaminant stopped peak in the
line shape analysis of 480 keV transition. The intensity of
the 481 keV peak was fixed in accordance to the observed
intensity ratio of 480 and 481 keV transitions in the
1484 keV gated spectrum at 90°. This line shape and the
fitted shape are shown in Fig 6.

The 481 keV line shape was extracted from the 520 keV
gate so as to avoid the contamination in line shape from the
480 keV transition. In fitting this line shape, the lifetimes for
the 17−, 16−, and 15− levels have been kept fixed to the

values extracted from the 346 keV gate and no side-feeding
intensities have been considered for 15− and 14− levels.

V. DISCUSSIONS

The negative parity ground state band(Band 1) of odd-
odd 104Ag is expected to be built on thepg9/2^ vh11/2 con-
figuration where the odd neutrons occupy the negative parity
high j intruder orbital. The ground state bands of the neigh-
boring odd-odd108,110In [9] also have the same configura-
tion. In Fig. 7, the aligned angular momentumix of Band 1
has been plotted as a function of rotational frequencyv. The
reference parameters forix were assumed to beI0
=7.0"2/MeV andI1=15.0"4/MeV3 [18]. The figure shows
that there is a slow alignment around"v=0.5 MeV and the
alignment gain is,3". It is highly improbable to align pro-
tons across theN=50 shell gap. In addition, theAB crossing
for the proton sector is blocked.

FIG. 5. g-g coincidence spectra with the(a)
297 and(b) 406 keV gates belonging to Band 2
and Band 3, respectively. The contaminantg
transitions from105Ag in 297 keV gate have been
marked by asterisk.

FIG. 6. Experimental and theoretical line shapes for the 406,
480, 507, and 520 keVg rays at the forward 60° and backward 120°

angles with respect to the beam direction. The contaminant peaks
are shown by dotted lines and theoretical line shapes are shown by
solid lines. The 90° spectra are shown in order to identify the line
shapes and the contaminant peaks.

TABLE III. Measured level lifetimes and the corresponding
BsE1d and BsE2d rates in104Ag. The error bars on measured life-
times include the fitting errors and errors in side-feeding intensities.

Band EIsIpd t BsM1d BsE2d
(keV) (ps) mn

2 sebd2

3301s14−d 0.30 (6) 1.25 (30) 0.104(25)

1 3808s15−d 0.32 (6) 0.97 (21) 0.079(17)

4328s16−d 0.35 (6) 0.86 (20) 0.053(13)

5571s17+d 0.39 (7) 2.18 (43)

3 6051s18+d 0.30 (6) 1.71 (38)

6595s19+d 0.28 (4) 1.26 (21)
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The quasineutron Routhian for104Ag have been calcu-
lated using cranked shell model(CSM) with BCS pairing
[19]. The calculated Routhian forb2=0.17 andg=29° is
shown in Fig. 8 whereg=0° and 90° correspond to axial
prolate and oblate shapes, respectively. These deformation
parameters forpg9/2^ nh11/2 configuration were obtained by
minimizing the total Routhian at"v=0.3 MeV. It is to be
noted that for pg9/2^ nh11/2 configuration, the odd
quasineutron blocks theEF crossing. The CSM calculations
predict that theAB crossing occurs at"v<0.55 MeV and
the gain in alignment,3". These values are in good agree-
ment with the observed values as shown in Fig. 7. Thus, the

quasineutrons haveABE configuration for Band 1 after the
observed alignment.

It is interesting to note that the aligned angular momen-
tum for Band 2 is,10" which is the same as that of Band 1
after alignment(Fig. 7). Thus, Band 2 is a four quasiparticle
band since for two or six quasiparticle configurations, the
value of the aligned angular momentum would not have
matched so closely. In addition, the Bands 1 and 2 have the
same parity. Thus, there are two possible negative parity four
quasiparticle configurations for this band, namely,pfg9/2g
^ nfsh11/2d3g andpfg9/2g ^ nfsg7/2 d5/2d2sh11/2dg with the neu-
tron in unfavoredh11/2 orbital (that is,ABF configuration for
quasineutrons). The CSM calculations predict that the
aligned angular momentum fornsh11/2d3 configurationsEFGd
is ,10" higher than that ofnfsg7/2d5/2d2sh11/2dg configuration
sABEd. So the first possibility seems improbable. However,
the aligned angular momenta forABF and ABE configura-
tions are very similar. Thus, the probable quasineutron con-
figuration for Band 2 isABF.

The aligned angular momentum for Band 3 is,3" higher
than that ofABE configuration and has positive parity. Thus,
probable quasineutron configuration for this band isAEF as
it is consistent with the above-mentioned observations.

The observed features in the level scheme of104Ag have
also been investigated using the hybrid version of TAC
[20,21]. In this model, the spherical part of the single particle
energies is taken from the spherical Woods-Saxon potential
and combined with the deformed part of the anisotropic har-
monic oscillator. This approximation has the advantage of
using a realistic flat bottom potential. The gap parameterD
was chosen as the 0.8 times the experimental odd-even mass
differenceDoe, for protons and neutrons. TheDoe was calcu-
lated using the expression given in Ref.[22] with binding
energies taken from the atomic mass table[23]. The chemi-
cal potentials for protons and neutrons were chosen to repro-
duce the correct proton and neutron numbers for104Ag.

A. Band 1

The high spin behavior of this decoupled band has been
investigated within the framework of particle-rotor model
(PRM) with variable moment of inertia[24] by Goswamiet
al. [11]. The calculations were based onpg9/2^ nh11/2 con-
figuration and the quadrupole deformation was assumed to
be b2=0.15. The results of the calculations showed that the
relative excitation energies of the level of Band 1 are in
reasonable agreement with the corresponding experimental
values. The observed branching ratios could also be repro-
duced by PRM calculation.

In the present work, the experimental data for Band 1
have also been compared with TAC calculation using the
same parameters which were used for the CSM calculations.

In Fig. 9(a), the observed spinsI of Band 1 have been
plotted as a function of rotational frequencyv, where
"vsId=EsId−EsI −1d. The calculatedIsvd curve is shown in
the figure by dotted lines. The good agreement between ex-
periment and theory is apparent in the figure. The observed
AB alignment and the alignment gain are well reproduced by
TAC calculations.

FIG. 7. Aligned angular momentum as a function of rotational
frequency for Bands 1, 2, and 3. The experimental frequency is
extracted from the measuredg energies using the relation"vsId
=Eg=EsId−EsI −1d. The reference parameters were assumed to be
I0=7.0"2/MeV andI1=15.0"4/MeV3[18].

FIG. 8. Quasiparticle Routhian for neutrons in104Ag. Calcula-
tions are performed forb2=0.17, b4=0.0, andg=29°, whereg
=0° corresponds to axial prolate shape andg=90° corresponds to
axial oblate shape.
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In Fig. 9(b), the BsM1d strengths calculated from the fit-
ted lifetimes are plotted as a function of frequency. The
BsM1d values are found to decrease with frequency which is
reasonably well reproduced by TAC calculations. These
BsM1d values were also calculated using the Dönau-
Frauendorf model[25], which assumes a fixedK value for
the band and the alignments are perpendicular to the symme-
try axis. The various parameters used in the calculations are
listed in Table IV. The dot-dashed curve is obtained by as-
sumingsg7/2d2 configuration for neutrons. The calculated val-
ues for sg7/2dsd5/2d configuration is about 33% higher. It is
apparent from the plot that the measuredBsM1d values are
better reproduced by the TAC calculation as compared to
Dönau-Frauendorf estimate.

The measuredBsE2d transition rates in Band 1 have been
listed in Table III. The correspondingJs2d /BsE2d values for
the three levels of Band 1 vary between 370 and
500 "2MeV−1sebd−2. The largeJs2d /BsE2d values also sup-
port that Band 1 in104Ag arises due to magnetic rotation.
However, it is to be noted that large values ofJs2d /BsE2d are
not unique indications of magnetic rotation[26].

B. Band 2

This nonyrast dipole band is a negative parity band with a
bandhead at 12− and could be established only up toIp

=16−. In addition, the present data are insufficient to extract
any level lifetime in this band. Thus, it is difficult to ascer-
tain the intrinsic configuration of Band 2.

From the arguments based on aligned angular momentum
and parity, this band has been assignedpfg9/2g
^ nfsg7/2d5/2d2 h11/2g configuration with neutron in unfavored
h11/2 orbital (ABF configuration). The values for deformation
parametersb2 andg were found to be 0.09 and 31° for this
configuration at"v=0.3 MeV.

The observed spins of Band 2 are plotted in Fig. 10 as a
function of rotational frequency. The calculatedIsvd plot is
shown by the dotted line. TAC calculations show a reason-
able agreement with the slope of the experimental curve be-
low "v=0.45 MeV. Beyond"v.0.45 MeV, the experi-
mental data seem to indicate an onset of alignment.
However, the band needs to be extended to higher spins in
order to investigate this configuration beyond"v
=0.45 MeV.

C. Band 3

The band 3 of104Ag has been assigned positive parity
through PDCO measurements. In Fig. 11(a), the spins of the
band are plotted as a function of rotational frequency. The
figure shows the onset of an alignment around"v
=0.55 MeV. A similar alignment has been observed in109Cd

FIG. 9. (a) Angular momentum and(b) BsM1d transition rates as
a function of rotational frequency for Band 1. The dashed line in(a)
denotes the theoretical values from TAC calculation for the as-
signed configuration of Band 1. The dashed and the dot-dashed
lines in (b) represent the calculatedBsM1d rates from TAC and D-F
formalism, respectively.

TABLE IV. Parameters used in the calculation ofBsE1d transition rates.

Band K DAL configuration ix
s1ds"d gs1d RAL configuration ix

s2ds"d gs2d

1a 4 pfg9/2g
7
2

+ 1.5 +1.27 nfh11/2g
1
2

− 5.5 −0.21

1b 5 pfg9/2g
7
2

+ 1.5 +1.27 nsfh11/2g
1
2

− ^ fg7/2g
3
2

+ ^ fg7/2g
1
2

+) 11.5 0.063

3 5 pfg9/2g
7
2

+ 1.5 +1.27 nsfh11/2g
1
2

− ^ fh11/2g
3
2

− ^ fg7/2g
1
2

+d 13.5 −0.063

aConfiguration before alignment.
bConfiguration after alignment.

FIG. 10. Angular momentum as a function of rotational fre-
quency for Band 2. The calculated values are shown by the dotted
line.

OBSERVATION OF MAGNETIC ROTATION IN… PHYSICAL REVIEW C 69, 044317(2004)

044317-9



[2] and 108,110In [9] and has been attributed to theBC cross-
ing. Thus, the configuration after the crossing ispfg9/2g
^ nfsg7/2 d5/2d3 sh11/2d2. However, as the present data fail to
extend this band, no TAC calculation was performed to re-
produce this crossing. The equilibrium values forb2 and g
were found to be 0.18 and 25°, respectively, forpfsg9/2dg
^ nfsg7/2 d5/2dsh11/2d2g configuration. The calculatedIsvd
curves are shown by dashed curve in Fig. 11(a). There is a
good agreement between the experimental and calculated
values beyond"v=0.4 MeV while at lower frequencies the
theory overestimates the observed spins.

TheBsM1d transition rates have been plotted as a function
of rotational frequency in Fig. 11(b). The BsM1d values de-
crease by a factor of 2 over the measured frequency range.
The TAC calculation(shown in dashed curve) reproduces the
BsM1d values reasonably well. The Dönau-Frauendorf esti-
mates forpfsg9/2dg ^ nfsg7/2dsh11/2d2g configuration is shown
in dash-dotted curve. The values calculated forpfsg9/2dg
^ nfsd5/2dsh11/2d2g configuration is about 5% higher than the

plotted values. It is evident from the figure that the TAC
calculations give better agreement with the measuredBsM1d
rates than Dönau-Frauendorf estimates. Thus, the good
agreement between the observed features and the TAC cal-
culations indicates theM1 character for this band.

VI. CONCLUSIONS

Two new nonyrast dipole bands(Bands 2 and 3) have
been identified in odd-odd104Ag and their bandhead spins
and parities were identified through DCO and PDCO mea-
surements. The intrinsic configurations for the three observed
bands were chosen such that they are consistent with ob-
served parities and alignment characteristics of these bands.
The deformation parameters for these configurations were
extracted by minimizing the total Routhian. TheIsvd values
from the TAC calculations for all the three bands show rea-
sonable agreement with the experimental values. The life-
times of the several levels of Bands 1 and 3 have been esti-
mated from DSAM lifetime measurements. TheBsM1d rates
in both Band 1 and 3 decrease with the increasing spin which
is a signature of magnetic rotation and these rates are in
better agreement with TAC calculations as compared to
Dönau-Frauendorf estimates.

Thus, Bands 1 and 3 in104Ag exhibit all the features of a
M1 band while Band 2 also seems to originate due to mag-
netic rotation but the present data are insufficient to confirm
this assumption.

It is to be noted that both Bands 2 and 3 seem to indicate
the onset of further alignments at the highest observable fre-
quencies. Thus, these bands need to be extended further in
order to investigate the nature of these alignments.
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