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Excited states of the nucleud$Br were investigated via the reactidfiGe(’Li,4n) at a beam energy of 35
MeV. Coincidence data of emitted rays were measured with an arrangement of six EUROBALL CLUSTER
detectors. Th€&2 bands built on the 9/2and 3/2 states were extended up de-37/2 atE~8.8 MeV. The
M1 band starting with a 15/2state at 2.6 MeV was observed uplte (29/2) atE=6.4 MeV. CrossoveE2
transitions within this band were observed for the first time. Mean lifetimes of 17 levels were deduced using
the Doppler-shift-attenuation method. TREL band can be described within the tilted-axis-cranking model on
the basis of the tilted three-quasiparticle configuratidge,) v(der) v(fp) which has a triaxial shape. This
band appears as a mixed case including contributions of both magnetic and collective rotation.
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[. INTRODUCTION cently, we found regulaitM1l bands including ratios of
Magnetic rotation[1], a novel rotational mode first de- B(M1)/B(E2)~25 (uy/eb)? in the doubly odd nuclei
scribed in the tilted-axis crankingAC) model[2,3], is pre-  #Rb (N=45) and 8Rb (N=47) [20,21. These bands
dicted to occur in weakly deformed nucleé,<0.15) for  were well described in the TAC model on the basis of a
multiquasiparticle configurations. Few protons occupy orbit-four-quasiparticle (4p) configuration and they can be con-
als with long spin vectors above a closed slielgh-j par-  sidered as the first evidence of magnetic rotation in the mass
ticlelike orbitalg while neutrons fill up a shell except for a A=80 region.
few holes(high-j holelike orbitalg, or vice versa. Since in The shears mechanism of the magnetic rotation is, how-
this case the perpendicular coupling of the proton and netever, not the only way to create level sequences connected by
tron spins is energetically favored, a substantial componerstrongM 1 transitions. In the mass= 80 region bands with
of the magnetic dipole moment perpendicular to the totalarge M1 strengths oB(M1)<1.8 2 are well known in
spin is produced. This gives rise to strobMyl transitions several odd-mass nuclei. They were discovered for the first
with strengths up to severak? within such a rotational time in 8Kr and have been explained on the basis of a semi-
band. Thesé1 transition strengths decrease gradually withclassical coupling scheme for the spins of the involved un-
increasing spin due to the gradual alignment of the particlgpaired particled22]. Indications of similarM1 sequences
spins parallel to the direction of the total spin, which iswere also observed in the oddinuclei "*8Kr [23,24), 83sr
called shears mechaniqrh,4,5. Because of the small defor- [25], and in the odd® nuclei """*®Br [26-28, and
mation the E2 transitions are rather weak and therefore 7981.838Rp [29-32. However, the character of tHd1 se-
the notion of magnetic rotation is used to distinguish thosejuences observed in nuclei witd<44 is expected to be
bands from the usual rotational mode with strong elecsomewhat different as compared with magnetic rotation due
tric quadrupole transitions. The ratios of the transitionto the large quadrupole deformation e§~0.20-0.25 in-
strengths are typically in the order &(M1)/B(E2)=~20 volved. In these nuclei rotational bands are built on the
—40 (uy/eb)? in these magnetic bands and decrease wittground state or on low-lying states and manifest their collec-
increasing spi6]. Evidence of magnetic rotation was found tive character by predominating stretchexJ&2) E2 tran-
for the first time in nearly spherical nuclei arourfd®b  sitions. The dipole sequences with strdvid. transitions ap-
[4,7-12. The regular dipole sequences with rotational-like pear at excitation energies of about 2.5 MeV and coexist with
level energieExJ(J+1), i.e.,E,(AJ=1)=], evolving at the collective structures. Since thelgel bands display also
high spinJ are in striking contrast to the multipletlike irregu- fairly strong stretched=2 transitions, there is an obvious
lar level scheme observed in these nuclei at low spin. difference to the shears bands occurring on top of an irregu-
Magnetic rotation was predicted for several mass regiontar level scheme as, e.g., f%Pb.
near shell closurelsl3]. Indeed, shears bands were observed To investigate whether sud 1 sequences can be classi-
in nuclei aroundA=110 [14-18 and A=140 [19]. Re- fied as magnetic rotation and how the deformation influences
their properties, we have revisited the nucle{f8r. Our
present study focuses mainly on the dipole band that starts at

*Deceased. 2.3 MeV and depopulates into the low-lying collectiz2
"Present address: Ludwig Maximilian UniversitMiinchen,  bands of both positive and negative parity. Excited states in
D-85748 Garching, Germany. this nucleus were previously studied vidSe(x,pn) and
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90° 90° Il. EXPERIMENTAL METHODS AND RESULTS
/0 Excited states in “Br were populated using the
"8Ge(’Li,4n) reaction at a beam energy of 35 MeV. The
beam was delivered by the MP tandem accelerator of the
Max-Planck-Institut fu Kernphysik Heidelberg. Emitteq
3 ~ rays were measured with six EUROBALL CLUSTER detec-
140° tors [34] positioned at*+40°,+90°, and*140° relative to
_ _ the beam direction. While the four detectors-a#i0° and
FIG. 1. Arrgngement of the six CLUSTER detectors used inthe 1490 \were placed in a horizontal plane, the two detectors
present experiment. at =90° were tilted out of this plane by 52° to achieve a
distance of 25 cm between the target and each of the 42
HPGe crystals. This detector arrangement is illustrated in
Fig. 1. Special lead collimators were mounted in front of the

8Se(a,p2n) reactiong27]. In that work a sequence of four CLUSTER detectors to prevent the escape-suppression
M1 transitions built on a 13/2 state at 2.4 MeV was ob- shields from being hit directly by the rays. Two experi-
served. Transition strengths B{M1)~0.3-0.6 W.u. were ments were performed: one with a thin target consisting of
derived for three transitions. During our present investigatiorD.2 mgcm? %Ge on a 0.05 mgci? carbon backing,
we became aware of a study 6Br using the’®Ge(’Li,4n)  and one with a thick target of 0.6 mg crh "Ge evapo-
reaction[33] in which all bands were extended by about two rated onto a 2.5 mg cit gold backing. The thickness of the
transitions and five values or limits of level lifetimes were gold backing was chosen such that the recoil nuclei are com-
determined in addition to the known on&3]. In the present pletely stopped in the backing, thus enabling the determina-
work theM 1 band was extended by fod1 transitions up tion of mean level lifetimes using the Doppler-shift-
to a (29/2') state at 6.4 MeV. MoreoveE?2 crossover tran- attenuation(DSA) method. In each of these experiments
sitions were observed within this band for the first time. Theabout 7x 10° coincidence events of fold 2 or higher were
collective E2 bands built on the isomeric 9/2state and the measured. The-y coincidence events were sorted off-line
3/2 ground state were established up to (3%/2and into E,-E, matrices for either all or specific detector combi-
(37/2") states, respectively, at about 8.8 MeV. Mean life-nations. In addition, ak ,-E ,-E,, cube ofy-y-y events was

40°

times were deduced for 17 levels. created. Coincidence spectra were extracted from the matri-
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ces and the cube using the codes ESCL8R, LEVIT8H, (eight pairg and reflects almost identical efficiencies of all
and VS[36]. Examples of background-correctgely coinci-  detectors. The asymmetries deduced from this analysis are
dence spectra are shown in Fig. 2. Thransitions assigned given in Table | and have been used to determine the multi-
to "°Br on the basis of the present experiment are compiledolarities of they rays.

in Table I.
C. Level lifetimes

Mean lifetimes were determined from Doppler shifts)of
rays observed in coincidence spectra at angles of 40° and
The analysis of directional correlations of coincident 140° to the beam direction using the DSA method. These
rays emitted from oriented stateCO) was applied coincidence spectra were extracted from &pE , matrices
to deduce the multipole order of the rays and thus to containing coincidence events of all Ge detector pairs that

assign spins to the emitting states. This method is baseiiclude one detector of the middle vertical rofes. Fig. 3
on the formalism described in Ref§37,3§ and dis- of the CLUSTER detectors at 40° or 140°, respectively. The

cussed, e.g., in Refl39]. The DCO ratio is defined as spectra were obtained from gating on transitions below the
RDCO:W( 0, '92 $)IW(6,,6,,4), where the quantity considered ones because of the much better statistics in this

W(8.,6,,4) denotes the coincidence intensity of a transi-c2S€: The lifetimes were deduced from a comparison of ex-
tion y, measured in a detector at the anglerelative to the perimental with calculated line shapes. The velocity distribu-
2

beam. gated with a transition measured in a detector at the tions of the emitting nuclei were calculated with a Monte
' 9 ransition, Carlo code taking into account reactions at different depths
angled,. The quantityg is the angle between the two planes

X ; in the target, the kinematics of the reaction and the slowing
opened by the respective target-detector axis and the beagd\vn and deflection of the recoilst?]. For the slowing

axis. The intensityW(d,,0,,¢) describes the reverse case gown the cross sections given in Re43] were used with
arising from an exchange of the observation angles or of thgorrection factors of,=0.9 andf,=0.7 for the electronic
gating and observed transition. A ratio Bhco=1 is 0b-  and nuclear stopping powers, respectivpi¢]. The side-
tained if the transitiong; and y, are stretched transitions of feeding time was assumed to be zero for an excitation energy
pure and equal multipole order. Experimental intensits of 9 MeV. This energy represents roughly the maximum ex-
can be extracted fronk ,-E, coincidence matrices of se- citation energy of the final nuc|eu§*:E7CL'\i"+ Q-4-E,

lected detector pairs. Using the symmetry relationwi,[h a value ofQ= —14.5 MeV and a mean energy of the
W(0y,6,,4)=W(180°~ ,,180°— 6,,¢) [40] the present onited neutrons of,~2 MeV. With decreasing egc\{itation
detector_setup contained eight CLUSTER-detector pairs COlsnergy an increase of the sidefeeding time accordingto
responding to6,=90°, 0,=40°, $=52°. y-y events of _ (9 E/MeV).0.03 ps was assumed, which had been
these pairs were sorted into a (90°,40°) matrix. To keep thgr]oven to be a good approa¢h4]. Examples of the line-
opening angles of the detectors small, only the three crystalshape analysis are shown in Fig. 4. The lifetimes obtained
of the middle vertical row of each CLUSTER detector werefrom this analysis as well as from previous wdek7,33 are
included. These crystals are indicated as gray areas in thfiven in Table II. The errors of these lifetimes include statis-
front view of the CLUSTER detector shown in Fig. 3. Coin- tical errors, uncertainties of lifetimes of the feeding levels,
cidence spectra were extracted by setting gates on certaand uncertainties of the intensities of the feeding transitions
peak and background intervals in the (90°,40°) and thend the sidefeeding. The influence of variations of the small
transposed (40°,90°) matrices. The DCO ratios obtained fosidefeeding times on the level lifetimes is small compared

A. y-vy directional correlations

transitions in"°Br are listed in Table I. with the influence of the bigger lifetimes of the feeding lev-
els or with the influence due to the uncertainties of the in-
B. Linear polarization of y rays tensities of feeding transitions.

The values deduced from the present analysis are gener-
A CLUSTER detector represents a nonorthogonal Compé1||y smaller than those from the previous studies. However,

ton polarimeter with scattering planes at 30°/150° and 90° t({'hey agree within the errors except the lifetimes of the states

the beam axis as is shown in Fig. 3. Despite this nonoptimurrét 1957, 3535, and 5506 keV. The reason for the difference

geometry the CLUSTER detector has a polarization effi- . . . -
ciency comparable with orthogonal polarimetgte]. To de- may be(i) the cascade feeding from higher lying states that

: . could not be taken into account in previous work because
duce expenmeptal _a}symmetnesA=(Igo—a|30,15()/ (190 these states and their lifetimes were not knoyiin,the dif-
+_a|_30/15() frOT mtensmoesl OZ y rays Compton scattered  fgqny parametrizations of the sidefeeding time. The param-
within the 90° and 30°/150° planesy-y events of tWO  gyization used in Ref[33] neglects sidefeeding for excita-
neighboring crystals in the CLUSTER detectors a.t 90° to thgjyn, energies greater than 4.4 MeV, which is 5 MeV below
beam were restored and sorted into respective SpeClrgye pighest states found in the present study. Transition

whereas coincidence events including signals of more thagyengihs deduced from the present lifetimes are listed in
two crystals (multiple Compton scatteringwere rejected.  T4pje |i1.

The normalization factor was determined &=0.49(2)

from intensities ofy transitions of a'>*Eu calibration source
that are isotropic A=0). This normalization factor is close
to the value of 0.5 resulting from the numbers of detector The level scheme of°Br deduced from the present ex-
pairs in the 90° planéfour pairg and the 30°/150° plane periment is shown in Fig. 5. It results from the analysis of

lll. LEVEL SCHEME
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TABLE I. v transitions assigned t&Br.

E2 1P Rpco® Ecare” A® o\ Jr9 Jrh E/
(keV) (keV) (keV)
104.3 0.51) 0.92) 194 M1 15/2 13/2 2580
187.6 3.23) 1.029) 314 M1 15/2° 13/2 2580
193.8 111) 0.553) 589 M1 1712 15/2° 2774
207.3 E3 9/2* 312" 208
217.1 364) 5/2° 3/2° 217
234.9 0.41) 13/2 11/2° 1948
238.0 1.11) 712" 762
256.9 1.01) 17/2 15/2 2725
261.1 2.94) 0.92) 194 M1 5/%7) 3127 261
300.7 0.61) 1.002) 194 M1 15/2 2580
304.9 1.62) 1.0(1) 314 M1 1712 15/2 2774
306.6 1.92) 0.658) 880 M1 9/2 712” 1068
314.0 111) 0.503) 589 M1 19/2° 17/2 3088
348.6 0.61) 21/2° 3908
362.2 0.70) 0.6(1) 851 M1 19/2° 17/2 3088
380.6 0.91) 112 1714
383.2 0.91) —0.021) (M1) 11/2° 13/2° 1181
389.9 1.31) 0.5(1) 701 M1 212 19/2 3560
395.0 2.12) 0.498) 851 M1 19/2 1712 3170
442.8 0.21) 19/2 17/2 3170
444.2 1.92) 0.81) 851 M1) 13/2 13/2 2393
446.7 4.65) 0.497) 851 —-0.031) M1 21/2 19/2 3535
447.6 1.31) (M1) 11/27) 1781
462.6 0.51) 21/2¢ 19/2° 3366
464.0 1.41) 0.46(6) 589 M1 17/2 15/2° 2421
471.2 3.13) 0.467) 589 M1 212 19/2 3560
501.7 3.23) —0.1003) (M1) 13/2° 11/2 1683
508.1 1.31) 23/2° 21/2° 4067
512.9 0.41) (29/2%) 29/2¢ 6020
513.6 1.62) 25/2° 23/2° 4581
521.9 0.51) 0.502) 700 M1 15/2° 13/2 2469
523.3 2.15) 3/2° 523
530.3 1.52) 1.002) 880 M1) 13/2 13/2 2477
543.9 7.18) 0.7(1) 701 —0.102) M1 712 5/2° 762
565.3 1.82) 112 2280
570.6 1.12) 23/2¢ 21/2¢ 3936
571.2 3.54) 0.92) 762 712 1333
589.0 1002) 0.081) E2 13/2° 9/2* 797
593.5 3.84) 23/2° 21/2° 4153
603.9 1.82) (25/2%) 25/2¢ 4721
611.6 1.82) 0.51) 851 M1 13/2° 11/27) 2393
617.4 3.03) 0.5(1) 851 —-0.01(1) M1 23/2 21/2° 4153
631.7 1.92) 0.498) 880 M1 15/2 13/2 2580
644.9 2.42) 0.577) 851 —0.082) M1 112 9/2” 1714
649.9 1.52) 0.4(1) 851 —0.063) M1 2512 23/2° 4803
669.6 0.91) 21/%%) 4341
687.7 3.64) 15/2° 11/47) 2469
692.5 2.12) (7/27) 5/27) 954
700.7 5.15) 0.92) 851 0.071) E2 19/2° 15/2 3170
712.3 1.21) 11/27) 9/2” 1781
736.7 1.41) 0.5(1) 701 (E1) 15/2° 17/2" 2469
737.1 1.52) (7127) 5/2° 954
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TABLE I. (Continued)

E2 1P Rpco’ Ecare” A® o\f Jm9 Jrh =
(keV) (keV) (keV)
738.5 3.74) 1.0(1) 589 0.0%1) E2 17/2 13/2° 2421
754.9 4.85) 0.91) 701 0.072) E2 15/2 11/2 2469
759.4 1.41) 11/2 (7/27) 1714
760.3 0.81) 21/2° 17/2 3535
761.5 4.44) 0.93) 880 0.011) (E2) 712 3127 762
769.3 0.41) 21/2) 19/2¢ 3671
775.4 0.70) 1.0(4) 194 M1 2712 25/2° 5579
776.5 0.81) 1.1(4) 589 0.031) E2 15/2 11/2° 1957
777.4 5.96) 0.876) 851 0.031) (E2) 1717 13/2 2725
785.3 1.01) (25/27) 23/2% 4721
785.8 1.01) 21/2° 17/2 3560
799.4 2.42) 1.5(1) 194 E2 15/ 11/ 2580
804.7 1.82) 21/%%) 21/2" 3671
805.4 0.41) (29/2) 2712 6384
809.2 1.01) 1333
809.9 1.62) 1.02)M 880 E2 21/2 17/2 3535
820.5 0.51) 19/27 3908
825.7 2.12) 1.002) 880 E2 1717 13/2 2774
827.0 2.%3) 11/X7) (7127) 1781
834.6 2.52) 0.92) 777 (E2) 21/2 17/2 3560
847.5 2.32) 15/2° 17/2¢ 2580
851.3 192) 0.051) (E2) 9/2” 5/2° 1068
866.7 1.62) 1.503) 194 E2 15/2° 11/2° 2580
880.0 1%2) 0.91(4) 851 0.071) E2 13/2 9/2" 1948
885.8 1.82) 1.002) 589 M1) 13/2 13/2° 1683
888.7 0.72) (29/27) 27/12¢ 6020
897.0 4.34) 0.91) 701 0.061) E2 23/2 19/27 4067
914.4 1.11) 19/2" 3817
935.2 515) 1.002) 589 0.071) E2 17/2 13/2" 1732
944.3 3.64) 0.91)" 589 0.111) " (E2) 21/2° 17/2" 3366
945.4 1.92) 0.91)" 589 0.11p" (E2) 19/2 15/2¢ 2903
947.4 1.92) 2280
950.8 0.91) 21/2" 3817
952.3 4.85) 1.1(2) 701 0.061) E2 11/Z 712" 1714
953.9 1.01) (7/27) 3/2° 954
955.8 1.11) 3236
973.2 1) 0.72) 776 0.041) (M1) 11/2 9/2" 1181
977.9 0.81) 23/2° 19/27 4067
1015.4 1.72) 0.41) 1251 M1 2712 25/2% 5132
1019.3 2.83) 1.1(2) 762 E2 11/247) 712” 1781
1021.0 0.61) 31/2" 29/2% 6527
1021.8 2.83) 1.003) 851 0.081) E2 2512 21/2 4581
1034.1 2.2 0.021) (E2) 23/2 19/2° 3936
1046.2 2.13) 1.002) 851 E2 2512 21/2 4581
1050.0 0.91) (25/27) 21/%H) 4721
1056.7 1.81) 1.6(5) 314 (E2) 4965
1064.9 0.711) 1.7(4) 194 E2 23/2 19/27 4153
1069.9 ck:e)) 0.364) 589 0.043) M1/E2 23/2 21/2% 3936
1079.2 0.91) 1.0(4) 935 E2 4897
1082.8 0.21) (35/2") (33/2%) 8150
1115.5 0.81) 5/2° 1333
1134.2 242) 1.023) 589 0.071) E2 21/2° 17/2" 2867
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TABLE |. (Continued).

E2 1P Rpcd’ Ecare” A® o\f Jm9 Jrh =

(keV) (keV) (keV)
1134.6 1.01) 1712 3908
1147.4  2.13) 0.82) 701 E2 2717 2312 5214
1160.4  7.78)  0.503) 589 M1 15/2° 13/2 1957
1164.4  3.403) 0.92) 935 0.083) E2 25/2 21/2° 4530
11709  4.95)  0.429) 935 —0.01(1) M1/E2 19/2° 1712 2903
1196.3 1.52) 27/2* 23/2° 5132
1234.3  0.61) 6199
12428 212 1.52) 194 E2 29/ 25/2° 5824
1250.7  9.09)  0.975) 589 0.091) E2 25/2" 21/2* 4118
1268.6  0.41) 25/2° 21/ 4803
1298.3  0.41) (29/2%) (25/2%) 6020
13228 1.1 1.03) 701 E2 31/2 2712 6537
1325.1  1.21) 1.1(2) 851 0.022) E2 13/2° 9/2~ 2393
1333.6  1.41) 0.93) 589 E2) (29/2") 25/2° 5864
1388.2  2.83) 0.91) 1251 0.072) E2 29/2 25/2° 5506
13924  0.81) 7592
13950  0.11) 1.02) 589 E2 31/2" 27/2¢ 6527
1400.2  0.91) (33/2°) 29/2 7224
1410.2  0.41) 13/2 9/2” 2477
14265  0.61) 2712 23/2 5579
14376 1.81) 19/2 17/2° 3170
1439.3  0.61) 19/2° 4341
14742  0.61) 21/2° 4341
14753 2.2 0.042) (E2) 13/2° 9/2* 1683
1516.1  0.41) (33/2") (29/2%) 7380
1524.8  0.81) (35/27) 31/2° 8062
1553.5  0.21) (37/2°) (33/2°) 8777
1561.6  0.71) 0.802) 1134 E2) (33/2) 29/2* 7068
1580.9  0.81) (29/27) 25/2° 6384
1596.3  1.52) 1.23) 589 (E1) 13/2° 13/2 2393
1622.2  0.81) (35/2") 31/2* 8150
16244  2.83) 0.92) 589 0.072) E2 17/2° 13/2 2421
16334  2.83) 1.001) 589 0.062) E2 21/2 17/2 3366
1664.2  0.11) 1.3(5) 1134 0.178) E2 25/2" 21/2* 4530
17446  0.21) (37/2") (33/2%) 8812
1783.1  3.84)  0.575 589 0.041) El 15/2° 13/2 2580
1854.5  0.11) (25/2") 21/2* 4721
1902.1  0.81) (29/2%) 25/2° 6020
1937.5 1.11) 1.1(3) 935 (E2) 21/24%) 17/2" 3671

#Transition energy. The error is in the range of 0.1-0.5 keV.

bRelative intensity of they ray normalized td ,=100 of the 13/2 —9/2; transition at 589.0 keV. This value
was deduced from coincidence spectra.

°DCO ratio Rpco=W(90°,40°,52°)V(40°,90°,52°).

YEnergy of the gating transition used for the determination of the DCO ratio.
CAsymmetry A= (1 go— alsons9/ (190t alsgnso (See Sec. Il B

"Multipolarity compatible with the DCO ratio.

9Spin and parity of the initial state.

hSpin and parity of the final state.

'Energy of the initial state.

IThis transition deexciting the isomeric state at 207.5 ke=7.0 s) was not observed in the present
coincidence experiment.

KInfluenced by the 446.7—447.6 keV doublet.

'Combined value derived for the 446.7—447.6 keV doublet.

MCombined value derived for the 809.2—809.9 keV doublet.

"Combined value derived for the 944.3—-945.4 keV doublet.
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90° =(37/2") and J™=(35/2"), respectively. In the secona
=+1/2 band(band B in Fig. 5, (29/2") and (33/2) states
. have been identified in addition to previous w¢B3]. Be-
150 30 sides, a new sequence of probably (23/2(25/2"), and
(29/2%) states and several interband transitions have been
- found.
beam The = +1/2 sequence of the negative-parity band built
on the 3/2 ground statgband C in Fig. 5 has been ex-
tended by three transitions up to the (37YXtate. The 994
keV transition tentatively proposed on top of the 23&ate
FIG. 3. Schematic front view of the seven HPGe crystals of aln Ref. [33] could not be confirmed in our experiment. In-
CLUSTER detector. The three crystals of the middle vertical row inStead we have observed a 1147 keV transition and two fur-
each CLUSTER detectofmarked grey were used for analysing ther transitions on top which extended the —1/2 branch
DCO ratios and Doppler shifts of rays. All crystal pairs compat-
ible with the given scattering angles in the CLUSTER detectors at TABLE IIl. Experimental transition strengths ifPBr.
90° to the beam were used for analyzing the linear polarization of

rays. E; E, K J7 o\ B(o\)?
(keV) (keV) (W.u)
Y-y coinci'dence relations angray intensitigs. The spin a'md. 1732 935.2 175 1317 E2 5219
parity assignments are based on DCO ratios and polarization T
data of they rays and are supported by deexcitation mode 1134.2 21/2 172 E2 54;97
and level lifetimes. Extensions of the level scheme with re-*118 1250.7 25/2 21/2" E2 587
spect to previous work are discussed in the following. 5506 13882 2922 252"  E2 11275
The positive-parity yrast band built on the 9/2&someric 1957 11604 152 13/2° M1 0.07°gg;
state withT;,=4.9 s(band A in Fig. 5 has been known up 776.5 15/2 11/2° E2 4815
to (33/2") and (23/2) states for the signatures=+1/2 2903 1170.9 1922 172 M1 0.06:56
and a=—1/2 (e=J mod 2, respectively, in Ref[33]. In 945.4 19/2 15/2° E2 6075
the present work it has been extended up to states 3fith 3936 570.6 23/2 21/2° M1 0.11°603
1069.9 232 212" M1  0.05°9%
TABLE II. Mean lifetimes of states ir°Br. 1034.1 2372 19/2° E2 41°1%
6527 1021.0 312 292" M1  0.06°9%
Ei (keV)*  E, (keV) 7 (p9) 1395.0 312  27/2"  E2 17412
This work  Ref.[27]  Ref.[33] 2726 256.9 17/2 1512 M1 0.4153
1732 935.2 1.0) 1.73) 777.4 17/2 13/2 E2 150" 129
1957 1160.4 0a) 0.7525 3560 389.9 212 19/ M1 0.14'3%
2795 777 4 0.8) 4712 212 19/2 M1 01908
2867 1134.2 0.40) 062  0.6325 8346 212 17z E2 48715
2903 1170.9 0.29) 7858 212 17/ E2 28" %3
3088 314.0 1.0) 1.4+97 4581 513.6 252 232 M1  0.15°3%
3535 809.9 0585 112 1.03) 10218 252 212 B2 36l
3560 471.2 0.®) 1046.2 252 21/2 E2 35715
3936 1069.9 0.2B) <1 5824 12428 292 25/2 E2 98" %3
4118 12507 0.23) 0.42) 036702 3088 314.0 192 1712 M1  0.88°3%
4153 617.4 0.20) <05 362.2 19/2 1712 M1  0.0470%
4530 1164.4 o) 3535 446.7 212 19/ M1  0.437339
4581 1046.2 0.3B) 760.3 21/2 17127 E2 33722
4803 649.9 0.1B) 809.9 21/2 1712 E2 48739
5506 1388.2 0.0B) 0.4215) 4153 617.4 23/2 212 M1 0.27' 5%
5824 1242.8 0.1a) 593.5 23/2 21/2 M1 0.38791°
6527 1395.0 0.28) 1064.9  23/2  19/2 E2 1477
4803 649.9 2512 23/2 M1  0.53731]
“Level energy. 12686 252 212 E2 15*9

PEnergy of they transition used for the line-shape analysis in con-
nection with the DSA method.

‘Mean lifetime. The error in parentheses includes the statistical eExperimental reduced transition strengths derived from the
ror, uncertainties of feeding times and feeding intensities, and &fetimes given in Table Il and from the intensities in Table I.
10% uncertainty of the nuclear and electronic stopping power.  Weisskopf units are: 1 W.uM1)=1.79 ,uﬁ; 1 Wu.(E2)
dEffective lifetime without feeding correction. =20.13 e’fm*.
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FIG. 4. Examples of the line-shape analysis
using the DSA method. Lifetimes were deduced
from a joint fit of calculated to experimental line
shapes at the complementary observation angles
of 40 and 140°. Feeding corrections are included.
The values of energies, lifetimes, and their errors
are results of the presented fits.

TheAJ=1 band starting with the 137/2state at 2393 keV
transitions have been found. The level sequence starting wittband D in Fig. 3 has been known up to the 23/Xtate
the state at 523 keV has been extended by two states af@7,33. In the present study this band could be established
interband transitions linking these states with states of thep to the (29/2) state. MoreoverAJ=2 crossover transi-
ground-state band.

044326-8
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FIG. 6. Total Routhian surface for theqp configuration
m(dep) in "°Br as a function of the quadrupole deformatienand
the triaxial deformationy at a rotational frequency ofiw

=0.2 MeV. The distance between the contour lines is 25 keV.

thermore, a cascade of transitions at 1057, 1234, and 1392
keV has been identified on top of a 3908 state which popu

lates the 17/2 and 19/2 states of theAJ=1 band.

IV. DISCUSSION

Three different band structures emerge from the Ieveg

scheme of’°Br shown in Fig. 5:

(i) the positive-parity yrast band based on the *9/2

PHYSICAL REVIEW C 65 044326

W=
%hmw Mev§

=
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\
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o
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FIG. 8. Total Routhian surface for theqp configuration
m(dg) v(9gr) v(fP) in "°Br as a function of the quadrupole de-
formation e, and the triaxial deformationy at a rotational fre-
quency ofAw=0.5 MeV. The distance between the contour lines
is 25 keV.

particle-rotor modelPRM). In these calculations a quadru-
pole deformation ofe,~0.2 was used which is consistent
with experimentalB(E2) values[27]. However, a triaxial
deformation was not considered.

We discuss the band structures A, B, and D with emphasis
n the description of thé1 band. The midshell nuclide
%Br is supposed to have a transitional character, i.e., its
shape is expected to be soft with respect to changes of the

deformation. Therefore we start with calculations of the total

isomeric state consisting of two signature branches witl‘R thi . TR hich all t termine th
a—+1/2 and a——1/2 (band A in Fig. 5 and the outhian surface$TRS), which allows us to determine the

a=+1/2 yrare bandband B in Fig. 5,

(i) the 3/2 ground-state band withe=+1/2 and
a=—1/2 branchegband C in Fig. 5,
(i) The M1 band starting at a 13/2state(band D in

Fig. 5.

The bands A, B, and C are dominated by stretckd

transitions and were interpreted in RE33] in terms of the
principal-axis cranked-she(PAC) model as well as the

=
0.244

0.224

0.2

€

0.184

0.16

S

FIG. 7. Total Routhian surface for theqp configuration
m(go) v(der) v(fp) in 7°Br as a function of the quadrupole de- amounts to only 100 keV.

formation e, and the triaxial deformationy at a rotational fre-

shape parameters self-consistently and to take into account
also possible variations of these parameters with spin and
configuration. For this purpose, the hybrid version of the
TAC model [45] has been applied together with the shell-
correction method, which was successful for describing chi-
ral rotation in triaxial nuclej46]. Pairing has been taken into
account by using values ofA ,=1.37 MeV and A,
=1.04 MeV calculated according to E@) in Ref.[47]. In

the TAC approach the equilibrium values for the deformation
parametersd,, y) are determined from the TRS minimum

in conjunction with a stable rotational axis which is in gen-
eral tilted with respect to the principal deformation ax&s (
=1, 2, 3. In the considered cases the value of the hexade-
cupole deformatiore, at the equilibrium turned out to be
practically zero.

The resulting TRS for the one-quasiparticleq{ con-
figuration (mgg) .= + 12 iS shown as a function of the defor-
mation parameterseg,y) in Fig. 6. This configuration is
representative for the rotational band A on top of the"9/2
isomer. The minimum, i.e., the equilibrium shape for this
configuration, appears at=0.17, y~14°. The direction of
the rotation is the 1-axisd=90°) which confirms principal
axis cranking. The corresponding shape of the nucleus is
indeed rather soft, since the energy for a drastical deforma-
tion change from the equilibrium to, e.g,;=0.22, y=40°

In order to select the proper TAC configuration for the

guency ofhiw=0.1 MeV. The distance between the contour linesM1 band we examined the lowest-lying three-quasiparticle

is 25 keV.

(3qp) configuration of negative parity including the un-

044326-10
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FIG. 11. Experimental and calculat&{M 1) values of theM 1
10 : : : band in "°Br as a function of the rotational frequency.

(b) ™) // ] The rotational axis is found to be tilted by an angle &f
TAC o=t Ve ~60° relative to the 3-axis within the principal plafg3)

4 for the whole frequency range up tow=0.7 MeV. The
equilibrium shape is relatively stable in the rangesegf
=0.18-0.17 andy=27°-24° up tohw=0.6 MeV and is
less soft compared with theql configuration discussed
above. Foriv>0.6 MeV the level density of the quasipar-
ticle orbitals becomes high and, moreover, these levels repel
each other such that a clear assignment of the quasiparticle
. orbitals is very complicated. Therefore an unambiguous cal-
0 il s - culation of the continuation of th®11 band to spins above

J J~13 was not possible.
From the TRS calculations of the equilibrium shapes we
FIG. 9. (a) Experimental excitation energies as a function of thegptain a quadrupole deformation e§=0.17—0.18 which is
spin for the two signature branches of the positive-parity band a”%lightly smaller than assumed in previous calculatif8@).
for the M1 band in"*Br. (b) Calculated excitation energies as a Hawever, more important is the fact that triaxial deformation
funcFion qf the spin for the two signature branches.of thg)l has to be taken into account for the/d and especially the
configuration  7(ggy) %nd for the &p configuration 34, pand. In the excited configuration assigned to khé
™(9or) ¥(gor) »(Tp) in "Br. band, in which one neutron is lifted from ahp) suborbital

. . .. to the lowestyg,, orbital, the nucleus is driven to substantial
paired proton and a broken pair of neutrons which is_. .~ . N A X

. X triaxiality. Considering the level scheme in Fig. 5 from this
7(dor) v(dop) v(fp). Nearby 3Ijp configurations as

point of view, the appearance of the yrare band B may be
m(fp) ¥(gg,) and m(fp) (93 have been ruled out be- ;0 eted as ay vibration on top of thegy, yrast band.
cause they do not imply the large perpendicular components, \hermore, the presence of many linking transitions be-

Of the magnetic moment needed for strand transitipns. Ir_1 tween all the different structures A, C, and D can be regarded
Figs. 7 and 8 the TRS for the configuration

(7de2) v(Qop) v(fp) assigned to theM1l band D are 015

E (MeV)

given for the two valued w=0.1 and 0.5 MeV, respectively.
18 0.10
I )
16 o _ Exp
al i 0.05 \\\\
g S~ol
” o)
12 Q
0.00 | TAC
10 |
s ‘ ‘ . ‘ . ‘
0.1 0.3 0.5 0.7 0.9 0.4 0.5 0.6 0.7
ho (MeV) he (MeV)

FIG. 10. Spin versus rotational frequency for the experimental FIG. 12. Experimental and calculat®&{E2) values of theM 1
and calculated1 band in"°Br. band in "°Br as a function of the rotational frequency.
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as a typical feature of the additional mixings in a triaxially collective angular momentum does not have a definite orien-

deformed system. Interestingly, it seems even possible ttation (perpendicular to the symmetry akias in an axially

combine theM 1 band D and both signature branches of thesymmetric system, because its orientation can change with

negative-parity band C to a system consisting of two conthe spin. For the considered situation all this leads to the

nected dipole bands that resemble the chiral pairs of sistaesulting constancy of thB(M1) values as well as of the

bands observed in the ma&s-130 region[48—-51. On the  B(E2) values.

other hand, the interpretation of bands C and D in terms of

chiral rotation is not directly applicable, because the calcu- V. CONCLUSIONS

lated direction of the rotational axis corresponds to a planar

tilt, whereas chiral rotation corresponds to aplanar [4$].
Experimental and calculated excitation energie®s a

In the present study the level scheme 8Br has been
extended up to states with=(37/2) atE~8.8 MeV. About

) . S 60 new transitions have been observed. Spins have been as-
Lu;ncém;ngf IEZ\/?Emg:rrlz pfrehs;r;teig '2 lf:;?r' 2 é?éé?elzniﬂg?tth e signed to most of the about 30 new levels on the basis of the

. : . present measurement of DCO ratios. TW& band has been
experimental data with the result of the TAC approach whicH’ g i
confirms the configuration assignments. This conclusion igbserved up toJ7=(29/2"). CrossoverE2 transitions

: within the M1 band were identified for the first time and
ngniygg)orfﬁdtﬁ g ,3 1p Ig;ﬁ; tgsesm ?:itgelrgte_lrtlhoenzlxggri_ several level lifetimes were deduced. The total Routhian sur-

mental curve shows a regular behavior up to a frequency Otraces calculated within the tilted-axis-cranking model predict
a substantial triaxial deformation for the excited8con-

hw~0.6 MeV. At higher frequency an alignment process.. : ;
starts in connection with a signature splitting that suggests H9Uration7(ge) »(gor2) »(fp) assigned to thé11 band.
he comparison of the experimental characteristics of the

structural change. This behavior is well reproduced by th ) - )
calculated curve. As mentioned above the avoided leve 1 band with the predictions of the TAC calculations shows

crossings in the quasiparticle energies make an unambiguo%gat ttr?etl\_/ll It?and c?n be descrl?ed by this t'ltteg COﬂfIgUI’tah-
calculation of the continuation of th#1 band to higher lon thal Implies a strong magnetic component. However, the

frequencies impossible. In Figs. 11 and 12 B@1) and calculatedB(M1) andB(E2) values do not decrease with

B(E2) transition strengths, respectively, as calculated for th hicreasing rotational frequency as e>.<peCted for magnetic ro-
M1 band are compared with the experimental results. Th ation, but stay almost constant. This behavior displays the

experimental strengths are somewhat underestimated by ﬂj]réfluence of the triaxial deform_ation and the collective angu-
calculations at low frequencies. However, the TAC model &’ mo.m%‘t“”.‘ on the properties of thél. band. Thel\/ll ;
provides a qualitatively reasonable description of the datat.)and in “Br Is theref_ore cons@ered as a banpl including
We see that the calculat®&(M 1) strength stays almost con- compqnents of both t|!ted rotqtmn causing the inteis
stant at a relatively large value over the whole consideredfansitions, an_d cc_)IIectlve ro_tgtlon of the triaxially deformed
frequency range, i.e., it does not show the typical decliné‘UCIeUS resulting ifE2 transitions.

with increasing frequency as expected for magnetic rotation.
This behavior displays that the perpendicular coupling of the
two  ggr Quasiparticles in  the  configuration This work was supported by the Bundesministerium fu
(9o v(der) v(fp) cannot be realized because of the Bildung, Wissenschaft, Forschung und Technold&MBF)
substantial triaxial deformation of>20°. Moreover, the under contract 06DR666I.
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