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Observation of magnetic rotation in odd-odd 1%4Ag
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The high spin level structure df%Ag has been extended t6=20" and excitation energy of 7.159 MeV
through the discrete ling-ray spectroscopy. The negative parity ground state band has been confirmed and
extended td"=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 momentaBiiMiLjhe
rates have been compared with the predictions of hybrid version of the tilted axis crankinB(NItg rates
have also been compared with the values obtained from Donau’s geometric formula. The tilted axis calcula-
tions give good overall agreement which suggests that all the three baf¥#\gfexhibits magnetic rotation.
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I. INTRODUCTION the level scheme of%Ag and two new nonyrast dipole
bands have been identified. A comparison between the ob-

The magnetic rotation has been observed in nuclei havingerved characteristics of the three bands and the results of
small deformations and is characterized byla 1 rotational ~ TAC calculations seems to suggest that all the three bands of
structure rather than Al=2 structure. Thus, the intraband %4Ag originate due to magnetic rotation.
transitions are predominantly magnetic dip@él) in nature
while the crossoveE?2 transitions are either weak or absent. Il. EXPERIMENT
In addition, these bands exhibit smaller dynamical moments The hiah spin stat 104, lated th h
of inertia compared to those of normally deformed nuclei766 365 '9 Sp'ﬂms ates of 'Ag were populate \gggg
and have higlK values(projection of total angular momen- &(*Cl,23ny)"Ag reaction using the 132 Me !

tum on symmetry axjsfor the bandheads which implies beam from the 14-UD Pelletron at TIFR. The target was

multiquasiparticle configurations. g)repared by evaporating 700 ug/cn? of 99.8% enriched

In the case of magnetic rotation, the angular momentum i¢’Ge on 10 mg/crhAu foil. The y rays were detected by an
generated by gradual alignment of spins of the deformation@'T@Y consisting of eight Compton suppressed Clover det?c—
aligned and the rotation-aligned quasiparticles and the angdo"s [12], which were placed in the horizontal plane at 60°,
lar momentum is not along any of the principal axes of the?0 » 120°, 150°, 2157, 255285°, and 325° with respect to
nucleus. The theoretical explanation for the bands whictjh® beam direction. The present geometry allows the polar-
originates due to magnetic rotatiol 1 bands has been pro- ization measurements of the observedays using the Clo-
vided by the tilted axis crankingfAC) [1] model. In mass- Ver detectors. o
100 region, theM1 bands have been observed for configu- A total of 200x 10° threefold coincidences were col-
rations where the quasiprotons are in higforbitals of[ ;] '€cted-
while the quasineutrons occupy the IdWorbitals of[h;,].

A large number ofM1 bands have been observed in the Il ANALYSIS METHOD

even-even and odd mass nuclei mass-100 regii=Z The data were sorted in the following four different ma-
=50 andN>50) [2—-8]. However, only recentlyM1 bands trices by unfolding each threefold coincidence event into
have been reported in odd-od®f*19n isotopes[9]. three twofold events with a time gate of 100 ns. The sym-

In the previous study ot®*Ag, a strongly coupled yrast metric matrix was analyzed with thRADWARE program
band with 7gg,,® vhyy/, configuration has been reported ESCL8R[13] while all the asymmetric matrices were ana-
[10,17. The present work suggests significant extension irlyzed usingRADWARE program SLICE[13].
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(1) The symmetrized ,-E, 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
| (observed at 150°, 215°, and 325°, gate on 90°, 255°, and)285°
| (observed at 90 °, 255°, and 285°, gate on 150°, 215°, and)325°

1)

DCO =

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

(3) The asymmetric PDCO matrices: Two asymmetric
matrices were sorted in order to determine the electromag- The partial level scheme df*Ag (shown in Fig. 2 has

netic naturg(electric or magneticof the y rays by the polar-  peen established using the relative intensitiesyafys in
ization directional correlatiotPDCO method[14]. In this  various y gates, the DCO and PDCO ratios. The present
method, the asymmetry of Compton-scattered polarized phayork confirms the level scheme established in the earlier
ton was calculated from the expression works [10,11. The portions of the level scheme which has
aN(90 °) - N(0 °) been extended or modified are discussed below. The relative
= , (2) intensities ofy rays belowi"=11" state were estimated from
aN(90°) +N(0°) gates on the symmetrizell,-E, matrix, while the relative

o o : intensities of they rays which exhibit line shapes at forward
whereN(90°) andN(0°) denote the number of rays with n )
scattering axis perpendicular and parallel to the emissiorgnd backward angles were obtained from the gated spectra at

plane anda is the correction term due to the asymmetry in 0°. The |nten3|tles°for thal=1 _andAI =2 transitions in the .
response to the Clover segments. It is defined as gated spectra at 90° were obtained by normalizing them with

respect to the intensities of the 346 and 678 keV transitions,

N(0°)(unpolarized @ respgctively, which have been estimated from the symme-
= 5 : ) trized E.-E., matrix.

N(90°)(unpolarized Bandy 1.Tt is a negative parity band with bandheadl at
and is measured as a function of energy with a radioactivé 8~ which predominantly decays to th&=7" state through
source. For the present array, the energy dependence of tHee 865 keV transition. All the transitions reported earlier
correction term was determined witf’Eu and%Ga (T,,  [10,11 have been reconfirmed except for the 570 kevay
=9.41 h sources. Thé®Ga source was prepared through WhIC'h. deexcites 17level. Th_ls transition energy has been
52Cr(160 , pn)%8Ga reactior{ 12]. With this source the value modified to 572 keV and th|§ change is suppor_t_ed by the
of a could be measured up @752 keV.Figure 1 shows Presence of 'Fhe corresponding crosso® transition of
that the correction term, over this long energy range, ist092 keV. This band has been extended +d.&: through
nearly constant and has a value close to 1.0.

One of the PDCO matrices was constructed by placing the
events along one axix axis) recorded in the two segments ;41
which are parallel to the emission plane while the coincident
v ray was placed on the other axisaxis). The other matrix L3r
was formed in a similar way but in this case, events from the , |
segments of the Clover detectors which were perpendicula
with respect to the emission plane were considered. Accord: 11|
ing to the present definition, a negative PDCO value would
imply a magnetic transition while a positive value corre-
sponds to an electric transition. 09

(4) The asymmetric Doppler-Shift attenuation method
(DSAM) matrices: Three asymmetric DSAM matrices were
constructed to perform the line shape analysis. These matri o7+
ces were constructed by placing events recorded at a specifi
angle(60°, 120°, and 90°on x axis while events recorded at

all other angles were placed graxis. The line shapes were  ¢s : \ w : \
0 500 1000 1500 2000 2500 3000 3500 4000

A. Level scheme

LS

T 1.0

0.8 -

observed above=134 at both forward and backward angles EkeV]
by putting gates on thg axis and projecting the spectra on
the x axis. The lifetimes of different states 8f“Ag were FIG. 1. Correction factor defined in Eq(3) as a function of

measured by fitting these experimental line shapes with thg-ray energy for the Clover detector array. The solid line shows the
LINESHAPE analysis code developed by Wells and Johnsorbesty? fit to the data points which give the parametric dependence
[15]. of the correction term on the energy.
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the placement of aM1 transition of energy 628 keV. The ments. The PDCO values have been extracted from the
crossovelE2 transition of 1200 keV has also been identified. PDCO matrices using the above-mentioned gates and are
The intensity of the 444 keV transition which deecxcitestabulated in Table I. The measured PDCO values for differ-
13 level has been determined from the 777 keV gated spe@nt y rays have been plotted in Fig. 3 which shows that the
trum while the intensity of the lower 444 keV transition has previously reported2 andM1 transitions have positive and
been estimated by subtracting the intensity of upper 444 keViegative PDCO values, respectively. The error bars on the
transition from the observed intensity of the 444 keV transi-measured values correspond to 90% confidence since these
tion in 175 keV gate. errors were estimated by considering the extreme possible
The DCO values have been extracted from the DCO mavalues ofN(0°) andN(90°).
trices using the 175 keV and 346 keV gates and have been The 175 and 444 keV gates belonging to Band 1 are
tabulated in Table I. In the present setup, the measured DC€hown in Fig. 4. In the 175 keV gate, there are some high
ratio for 175 keV transition in th&2 gate of 678 keV was energy transitions which do not show any appreciable line
found to be 0.62. This value was reproduced by theoreticathapes. These transitions of 1357, 1484, and 1604 keV are
calculations where the value of the spin alignment parameteshown in the inset of Fig.(4). The DCO and PDCO values
o/l and the mixing ratios were assumed to be 0.35 and of these transitionggiven in Table } establish them ak1l
0.02, respectively. The value &fis consistent with the pre- transitions. This assignment is consistent with absence of
vious measuremelfil0]. The calculated DCO ratios for vari- line shapes, indicating long lifetimes expected Edr transi-
ous combinations of multipolarities for the present array ardions. These transitions, therefore, provide the crucial con-
listed in Table Il. The multipolarities of the transitions and nections to the nonyrast positive parity band'®#g.
the spins of the energy levels #Ag have been obtained by In addition, three morey transitions with energies 828,
comparing the measured DCO ratios with the theoretical val975, and 1109 keV were observed in the 175 keV gate. The
ues listed in Table II. DCO and PDCO values establish thElL character for these
The electric and the magnetic characters of the observetlansitions. These transitions are the feed-out transitions from
transitions were determined through the PDCO measurehe nonyrast negative parity band ¥fAg.
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TABLE I. Relative intensities, DCO and PDCO ratios fgttransitions of energ¥, which deexcite the
energy levelE; in 19%Ag. Unless otherwise mentioned, the values in column 5 are obtained from gate on pure
dipole (D) 175 keV transition.

E, E IT—=17 Relative intensity Rpco(D) PDCO
(keV) (keV)

100 212 7—6" 65.006.0)

113 339 6—5" 100.Q9.0

175 1253 9-8 78.03.1

212 212 75" 5.31.0)

280 1078 (87)— (8" 4.1(1.0)

297 3648 15— 14 3.90.9 0.890.12?% -0.0690.089
310 3351 1413 3.60.4) 0.890.12

317 797 (85— (7%) 5.711.0

321 1118 (9% —(8%) 1.90.9

333 1931 1110 47.62.0) 0.940.04 -0.0770.042
346 1599 10—9° 55.92.4) 0.930.04 -0.0030.039
361 4785 15— 14" 4.20.5 1.060.12

367 480 (71— (6% 7.91.0)

380 5165 16— 15" 8.30.6) 0.990.10

406 5571 17—16" 12.00.9) 0.960.08 -0.0880.072
444 2376 12—-11° 46.73.1) 0.930.03 -0.0210.03)
444 2820 13—12 44.92.9) 0.930.03 -0.0210.03)
449 4097 16—15 5.4(0.5) 0.9700.14?

480 6051 18—17" 7.80.9

481 3301 1213 33.13.1)

507 3808 15—14 28.91.9 0.970.09 -0.0400.037
520 4328 16— 15 20.11.3 0.940.07% -0.0790.06)
521 1599 10—8" 14.11.1)

527 4624 17—16" 4.000.9

544 6595 19-18" 6.50.5

563 7159 20— 19" 5.80.9

572 4901 17—16" 15.31.0 0.850.08? -0.0290.030
585 797 87" 4.1(0.8)

628 5528 1817 8.30.7)

678 1931 11—-9° 14.1(1.0) 1.4%0.13 0.0180.070
742 1078 3.60.4)

748 960 (67)—T7* 1.7(0.5)

777 2376 1210 8.20.7) 0.1080.068
815 1078 (7)) —7" 7.61.0) 1.010.9

828 3647 1513 3.40.5 0.980.15 -0.0630.097)
848 960 (67)—6" 6.0(0.8)

865 1078 87" 30.02.0) 0.970.072 0.0770.048
888 2820 13—11° 15.51.2) 1.360.13?

906 1118 (9H -7t 7.01.0) 1.580.21)?

926 3301 14—12 11.71.0) 1.470.1792 0.0530.082
975 3351 (14)—12 4.2(0.6)

989 3808 15—-13 12.01.1) 1.420.16%

1028 4328 16— 14 7.1(1.0) 1.550.17% 0.1380.089
1092 4901 17—15 4.7(0.6) 1.600.23

1109 3041 13— 117 4.0(0.5 0.950.12 -0.0550.118
1200 5528 18— 16 3.60.4) 0.91(0.12
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TABLE I. (Continued)

E, E 17— Relative intensity Roco(D) PDCO
(keV) (keV)

1357 5165 16—15 6.000.9 0.970.20° 0.0960.109
1484 4785 1514 10.91.2) 0.890.11)°2 0.1090.086
1604 4424 1413 7.21.0 0.870.14 0.1320.116

*Rpco from gate on 346 keV transition.

Band 2.This is a negative parity nonyrast band with band-above-mentioned angles, the level lifetimes of the two bands
head ati™=12". This band feeds Band 1 through thrigel  were measured usingNESHAPE analysis codes of Wells and
transitions of energies 828, 975, and 1109 keV. The leveJohnsor{15]. These codes were used to generate the velocity
energies of this band could be fixed accurately due to th@rofile of the recoiling nuclei into the backing using Monte
presence of these three transitions along with the intrabangarlo technique with a time step of 0.001 ps for 5000 histo-
transitions of 297 and 310 keV. Figure@ shows the fies. These profiles were generated at 60° and 120°. Elec-
297 keV gate where the two feed-out transitions of 975 andronic stopping powers of the Northcliffe and Shilling6]
1109 keV are visible. In addition to the transitions belongingCorrected for shell effects were used for calculating the en-
to the Band 1, two more transitions of energies 449 anf'9Y loss. . . . Lo .
527 keV were found to be in coincidence with 297 and . 1he energies of transitions a?d the side-feeding intensi-
310 keV transitions. These transitions have been placeggzg":sr?n%ﬁ{ %(;f;mfé?é?st?; ?r?e l?ﬁ;gﬂ;ggﬁ;ﬁy‘é@“ﬁgﬁi
gbggﬁstiz(tasmo;e:ﬂrah;;io;?;';gi:%;ge'gf'n:t,)el%?'nzegsi-rm;’, Baindd feeding into each level and feeding to the topmost level of

. each band were initially modeled as a cascade of five transi-
527 keV and no crossové2 transition could be observed. s with a moment of inertia which is comparable to that of
Band 3.This is a positive parity band with bandhead at

. " the band of int t. Th d I ts of the side-
I™=14". This band feeds Band 1 through thi€® transitions © pand o In'eres © gquadrupole Momeirs of the side

. . feeding sequences were allowed to vary which when com-
of energies 1357, 1484, and 1694 k_eV. In this band aISObined with the moment of inertia gave an effective side-
there is a large degree of correlation in the lower part of thefeeding lifetime parameters for each level. For every

band, which helps in fixing the level energies accurately. Th%bserved line shape, in-band and side-feeding lifetimes,

three feed-out transitions are shown in the inset of M) 5 5k ground parameters and the intensities of the contaminant
Wh'ch .shows the 406 keV gate. This band consists wa peaks were allowed to vary. The energies of the contaminant
transitions Wh'.Ch have _been placed according to thel.r Obbeaks were fixed from the 90° spectra. For each set of the
;erved intensities. In this band also no crossd2ransi- parameters the simulated line shapes were fitted to experi-
tions could be observed. mental spectra using2minimization routines ofMINUIT

[17].

For each band, the lifetime measurements were performed
The line shapes were extracted by putting gates orythe starting with the topmost transition which was assumed to
axis of each of the three DSAM matrices and the Dopplethave 100% side feed. The other parameters were allowed to

broadened line shapes were identified at forward 60° ansgary until the minimumy? was reached. The background and
backward 120° angles with respect to the beam direction, bthe stopped contaminant peak parameters for the best fit were
comparing these spectra with those obtained at 90°. then fixed. Thus, the line shape analysis for the topmost tran-
In 1%Ag, line shapes were observed in Band 1 and Band 3ition led to the estimation of the effective lifetime for the
above I™=13 and I"=16", respectively. For each of the topmost level. For the next lower level, the effective lifetime

B. DSAM analysis

TABLE II. Calculated DCO ratios for the present array for different types of transitions considering spin
alignment parameter,/1=0.35.

Multipolarity I, —1¢ Gating transition Gating transition
Al =2 (stretched Al=1(5=0.02
Roco Roco
Quadrupole(stretchedl | —1-2 1.0 1.57
Dipole (stretched l—1-1 0.60 0.97
Dipole (6>0) | —1-1 >0.60 >0.97
Dipole (6<0) |—1-1 <0.60 <0.97
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0.250 ' ‘ - o The lifetime values obtained for each level at these two
e 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
0125 shape fits for foury 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 bandB(M1) and B(E2) transition rates have
} been calculated using the equations given in Ref. The
measured lifetimes along with the correspondBi$y!1) and

PDCO ratio
=
——H

——H

\ l Magneti;:

o B(E2) values have been listed in Table lIl. In estimating the
B(M1) values, the mixing ratid=0 was assumed for all the
Al =1 transition.

-0250, The line shapes for Band 1 were extracted from the

0o T ey e T 346 keV gate while for Band 3 the 1484 keV gate were used.

These two gates had the minimum number of contaminant
FIG. 3. The measured PDCO valugs defined in Eq2)] for  lines in the projected spectra. The present data are insuffi-
different y transitions in'%Ag. cient to extract any line shape in Band 2.

It was estimated usingINESHAPE code that for the
present target-projectile combination, if the effective lifetime
of a level exceeds 4 ps then the correspondjnigansition

of the topmost level and the side-feeding lifetime were con-does not show any significant line shape. Thus, it can be
sidered effective time parameters. In this way, each loweconcluded that the effective lifetimes for the*145", and
level was then added one by one and fitted, until the entird6" levels of Band 3 are more than 4 ps.

band was included in a global fit where only the in-band and In the 346 keV gated spectrum, the 481 keV transition of
side-feeding lifetimes were allowed to vary. This procedureBand 1 and 480 keV transition of Band 3 both exhibit line
of global fit was then repeated for the forward and backwardhapes which overlap with each other. However, it is inter-
angles. The error bar on the lifetime values includes the fitesting to note that 481 keV transition will not exhibit any
ting error and the error in the side-feeding intensity. How-line shape in 1484 keV gate. This is due to the fact that in
ever, the systematic error in the stopping power values whickhis gate, the 14level is only fed by the 15level which has

212

1000

has not been included may be as large as 10%. an effective lifetime of more than 4 ps. Thus, the 481 keV
6500“&' o |
(b) 444keVgate | (X2
5500 I
4500 5 I
3500 I
2500 :
" g I
1500 5[ « [ L
i 3 | F FIG. 4. y-y coincidence spectra witfa) 175
g 500 I and (b) 444 keV gates in%Ge(35Cl, a3ny)1%Ag
2 dl i' - reaction. The counts beyond 720 keV have been
U 2wl @ T|F # 175keVgate | scaled up by a factor of 2. The inset shows three
E | high energy y transitions observed in the
I 175 keV gate.
5000 |
|
I
3000 f I
|
|
|
|
|

200 300 400 500 600 700 750 850 950 1050 1150 1250
Ey [keV]
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: ~ L .
1800 (v) " 406keVgate | XD 400
-
3 2 00ra E:
1400 200 g

FIG. 5. y-y coincidence spectra with th@)
297 and(b) 406 keV gates belonging to Band 2
x2) 1 and Band 3, respectively. The contaminapt
transitions fromt%°Ag in 297 keV gate have been
marked by asterisk.

Counts

75

@ 297 keV gate

1200

[}
0
®

800

|1l“\ ML

OEL , i) Y1 (U /1| M )L ) MJ
200 300 400 500 600 700 750 850 950 1050 1150 1250
E,y [keV]

transition is assumed to be a contaminant stopped peak in thalues extracted from the 346 keV gate and no side-feeding
line shape analysis of 480 keV transition. The intensity ofintensities have been considered for Had 14 levels.
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 ‘90This line shape and the
fitted shape are shown in Fig 6. The negative parity ground state ba¢i@and 1) of odd-
The 481 keV line shape was extracted from the 520 ke\bdd 1%/Ag is expected to be built on thegg,® vhy/, con-
gate so as to avoid the contamination in line shape from théiguration where the odd neutrons occupy the negative parity
480 keV transition. In fitting this line shape, the lifetimes for high j intruder orbital. The ground state bands of the neigh-
the 17, 16, and 15 levels have been kept fixed to the boring odd-odd!®®qn [9] also have the same configura-
tion. In Fig. 7, the aligned angular momentugnof Band 1
has been plotted as a function of rotational frequeacyhe
reference parameters for, were assumed to bej,
=7.0h%/MeV andJ,=15.00*/MeV? [18]. The figure shows
that there is a slow alignment aroufid=0.5 MeV and the
alignment gain is~3#. It is highly improbable to align pro-
tons across thdl=50 shell gap. In addition, th&B crossing
for the proton sector is blocked.

V. DISCUSSIONS

406 keV 480 keV 507 and 520 keV
300 ————————1 1 300 e
250
200
120° 150
100

50

250
0 200
150

100

50

Ll bt b B b1

TABLE Ill. Measured level lifetimes and the corresponding
B(E1) and B(E2) rates in1%“Ag. The error bars on measured life-
times include the fitting errors and errors in side-feeding intensities.

250

60° 200:: :: : ::
150~ 3 C .
e = - . Band E (17 T B(M1) B(E2)
0 800 820 1000 1020 1040 1060 (keV) (ps) Hn (eb)
Channel [0.5 keV/channel] 3301(14) 0.30(6) 1.25(30) 0.104(25)
FIG. 6. Experimental and theoretical line shapes for the 406, 1 380815) 0.32(6) 0.97(21) 0.079(17)
480, 507, and 520 key/rays at the forward 60and backward 120 432816) 0.35(6) 0.86(20) 0.053(13)
angles with respect to the beam direction. The contaminant peaks 5571(17")  0.39(7)  2.18(43)
are shown by dotted lines and theoretical line shapes are shown by 3 605118") 0.30(6) 1.71(38)
solid lines. The 90° spectra are shown in order to identify the line 659519") 0.28(4) 1.26(21)

shapes and the contaminant peaks.
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16

quasineutrons havABE configuration for Band 1 after the

~— Band 1 observed alignment.
al ) 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
JPLE— . after alignmentFig. 7). Thus, Band 2 is a four quasiparticle

12 | band since for two or six quasiparticle configurations, the

value of the aligned angular momentum would not have
T 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, nametygy,,]
® 1 (h112)®] and 7] gg/o] ® ¥[(97/2 ds12)*(hy1/9)] with the neu-
tron in unfavorech, 4, orbital (that is, ABF configuration for
quasineutrons The CSM calculations predict that the
aligned angular momentum feth, ;,,)® configuration(EFG)
is ~10 higher than that of{(g,,,0s/,)?(h;1,2)] configuration
4 ‘ ‘ (ABE). So the first possibility seems improbable. However,
02 “ heMev] %8 the aligned angular momenta f&BF and ABE configura-
tions are very similar. Thus, the probable quasineutron con-
FIG. 7. Aligned angular momentum as a function of rotational figuration for Band 2 isABF.
frequency for Bands 1, 2, and 3. The experimental frequency is The aligned angular momentum for Band 3-i8# higher
extracted from the measureg energies using the relatiohw(l) than that ofABE configuration and has positive parity. Thus,
=E,=E(1)-E(I-1). The reference parameters were assumed to b@robable quasineutron configuration for this bandBF as
Jp=7.0h*/MeV andJ;=15.01*/MeV3[18]. it is consistent with the above-mentioned observations.
The observed features in the level schemé®#g have
The quasineutron Routhian fdP%Ag have been calcu- also been investigated using the hybrid version of TAC
lated using cranked shell modéCSM) with BCS pairing  [20,21]. In this model, the spherical part of the single particle
[19]. The calculated Routhian fg8,=0.17 andy=29° is  energies is taken from the spherical Woods-Saxon potential
shown in Fig. 8 wherey=0° and 90° correspond to axial and combined with the deformed part of the anisotropic har-
prolate and oblate shapes, respectively. These deformatignonic oscillator. This approximation has the advantage of
parameters forgg,® vhy 4/, configuration were obtained by using a realistic flat bottom potential. The gap paramater
minimizing the total Routhian atw=0.3 MeV. It is to be was chosen as the 0.8 times the experimental odd-even mass
noted that for mge,® vhyy, configuration, the odd differenceA,, for protons and neutrons. Thg,, was calcu-
quasineutron blocks thEF crossing. The CSM calculations lated using the expression given in Rg22] with binding
predict that theAB crossing occurs atw=~0.55 MeV and energies taken from the atomic mass tgl@8]. The chemi-
the gain in alignment-3#. These values are in good agree- cal potentials for protons and neutrons were chosen to repro-
ment with the observed values as shown in Fig. 7. Thus, thduce the correct proton and neutron numbers'fé4g.

2.0

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 inertig§24] by Goswamiet
al. [11]. The calculations were based aigg,,® vhy4,, CON-
figuration and the quadrupole deformation was assumed to
be B8,=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.

05 ‘ . . . . ‘ . In Fig. 9a), the observed spink of Band 1 have been

00 010z 03 e ?l(:ew 05 06 07 08 plotted as a function of rotational frequenay, where
ho(l)=E(l)-E(I-1). The calculated(w) curve is shown in

FIG. 8. Quasiparticle Routhian for neutrons®#fAg. Calcula-  the figure by dotted lines. The good agreement between ex-
tions are performed foB,=0.17, 8,=0.0, andy=29°, wherey  periment and theory is apparent in the figure. The observed
=0° corresponds to axial prolate shape ame90 corresponds to  AB alignment and the alignment gain are well reproduced by
axial oblate shape. TAC calculations.

Quasi-neutron Routhian [MeV]
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FIG. 9. (a) Angular momentum an¢b) B(M1) transition rates as © [MeV/n]

a function of rotational frequency for Band 1. The dashed lin@jn FIG. 10. Angular momentum as a function of rotational fre-
denotes the theoretical values from TAC calculation for the as- ency' for.Band 2. The calculated values are shown by the dotted
signed configuration of Band 1. The dashed and the dot-dashe]%llr:e '
lines in(b) represent the calculat&{M1) rates from TAC and D-F '
formalism, respectively.
=16". In addition, the present data are insufficient to extract
In Fig. 9b), the B(M1) strengths calculated from the fit- any level lifetime in this band. Thus, it is difficult to ascer-
ted lifetimes are plotted as a function of frequency. Thetain the intrinsic configuration of Band 2.
B(M1) values are found to decrease with frequency which is From the arguments based on aligned angular momentum
reasonably well reproduced by TAC calculations. Theseand parity, this band has been assigned gyl
B(M1) values were also calculated using the Donau-® 1{(g70s)? hy1/2] configuration with neutron in unfavored
Frauendorf mode[25], which assumes a fixeld value for  hyq, orbital (ABF configuration. The values for deformation
the band and the alignments are perpendicular to the symmparameterg3, and y were found to be 0.09 and 31° for this
try axis. The various parameters used in the calculations areonfiguration atiw=0.3 MeV.
listed in Table IV. The dot-dashed curve is obtained by as- The observed spins of Band 2 are plotted in Fig. 10 as a
suming(g-,,)? configuration for neutrons. The calculated val- function of rotational frequency. The calculatb@) plot is
ues for(g;»)(ds;,) configuration is about 33% higher. It is shown by the dotted line. TAC calculations show a reason-
apparent from the plot that the measud/1) values are able agreement with the slope of the experimental curve be-
better reproduced by the TAC calculation as compared tdow 7w=0.45 MeV. Beyondfio>0.45 MeV, the experi-
Doénau-Frauendorf estimate. mental data seem to indicate an onset of alignment.
The measure8(E2) transition rates in Band 1 have been However, the band needs to be extended to higher spins in
listed in Table Ill. The corresponding'?/B(E2) values for ~order to investigate this configuration beyondw
the three levels of Band 1 vary between 370 and=0.45 MeV.
5007%2MeV-Y(eb)~2. The large7®/B(E2) values also sup-
port that Band 1 in'%“Ag arises due to magnetic rotation.
However, it is to be noted that large values®f /B(E2) are C.Band 3
not unique indications of magnetic rotatif26]. The band 3 of'%Ag has been assigned positive parity
through PDCO measurements. In Fig(d)1the spins of the
B. Band 2 band are plotted as a function of rotational frequency. The
This nonyrast dipole band is a negative parity band with digure shows the onset of an alignment arourid
bandhead at T2and could be established only up t&  =0.55 MeV. A similar alignment has been observed®Cd

TABLE IV. Parameters used in the calculationB(fE1) transition rates.

Band K DAL configuration iV(h) g RAL configuration i2(#) g?@
X X
12 4 Qo] %" 15 +1.27 hy1l3” 5.5 -0.21
1° 5 mgosla 15 +1.27 U[hyal3~ ®[g703* @ [g72]57) 115 0.063
3 5 mgoslat 1.5 +1.27 U113~ @ [l ®[g7005Y) 135 -0.063

Configuration before alignment.
PConfiguration after alignment.
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] plotted values. It is evident from the figure that the TAC
wro TaC T e oo AN calculations give better agreement with the meas&(@d1)
—-=D-F } rates than Do6nau-Frauendorf estimates. Thus, the good

1 agreement between the observed features and the TAC cal-
culations indicates th&1 character for this band.
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VI. CONCLUSIONS
00

Two new nonyrast dipole band8ands 2 and Bhave
been identified in odd-odd®*Ag 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
03 04 05 06 extracted by minimizing the total Routhian. Thi) values

oievm from the TAC calculations for all the three bands show rea-

FIG. 11. (a) Angular momentum an¢b) B(M1) transition rates Sonable agreement with the experimental values. The life-
as a function of rotational frequency for Band 3. The explanationtimes of the several levels of Bands 1 and 3 have been esti-
for various lines in the figure is same as in Fig. 9. mated from DSAM lifetime measurements. TBEVI1) rates

in both Band 1 and 3 decrease with the increasing spin which
is a signature of magnetic rotation and these rates are in
[2] and 198.114n [9] and has been attributed to tBE cross- better agreement with TAC calculations as compared to

: : : P Donau-Frauendorf estimates.
ing. Thus, the configuration after the crossing 7fgg] 04 -
© 1 (G2 ds o) (192 However, as the present data fail to Thus, Bands 1 and 3 it?Ag exhibit all the features of a

extend this band, no TAC calculation was performed to re—'v|1 band while Band 2 also seems to originate due to mag-

produce this crossing. The equilibrium values &y and y ?hﬁgca;(;tl?#]%?i:#t the present data are Insuficient to confirm
\ger[(? fougd z)t(% b(;zc]).lfogfril dufiiégesﬁﬁgtl\ézlﬁéug?;f)]) It is to be noted that both Bands 2 and 3 seem to indicate

V149772 Gs/2) My 9 o © the onset of further alignments at the highest observable fre-
curves are shown by dashed curve in Fig@l1lThere is a

. encies. Thus, these bands need to be extended further in
good agreement between the experimental and calculat der to investigate the nature of these alignments
values beyondw=0.4 MeV while at lower frequencies the '
theory overestimates the observed spins.
TheB(M1) transition rates have been plotted as a function ACKNOWLEDGMENTS
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