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High-spin states in?3Xe were populated in thé%d(*¥0,5n) reaction at 75 MeV and gamma-ray coinci-
dences were measured with the GASP spectrometer. A new rotational sequence of enhanced dipole transitions
was established. This band, as well as a similar bantffKe, may be described within the framework of the
tilted axis cranking model as bands for which comparable amounts of angular momentum are generated by
magnetic and collective rotation, respectively.
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[. INTRODUCTION candidates for such studies. Severdl=1 bands of en-
hancedM 1 transitions with no signature splitting have been
Magnetic rotation in atomic nuclei has attracted signifi-observed in the even-evegBa [7-9] and 5,Xe [10-13
cant experimental and theoretical interest in the last fewauclei. These bands appear at excitation energies of about 4
years. It occurs in weakly deformédearly sphericalnuclei  MeV and 5 MeV for the Ba and the Xe isotopes, respec-
and is characterized by the appearance of regular sequendély. The lowest observed state in most of these bands has
of enhancedM 1 transitions. Frauendorf developed the con-SPin I~12 4 [9,12,13 and it has been proposed that the
cept of magnetic rotation in order to describe these band@ands have four-quasiparticle configurations containing a
[1,2] and examples of this mode of excitation have beerf"N12 particle and avh,, hole. They have been described
found in different mass regiori§]. The magnetic bands are " the framework of the geometrical model of Bau and
described within the framework of the tilted axis cranking Frauendorf [14] as highK multi-quasi-particle bands
(TAC) model[4,5]. A simplified description of magnetic ro- [9,12,13. However, this is a semiclassical description and

tation can be given as follows: the currents of a small numcannot account fully for the properties of the nuclear system.

ber of valence high- particles and highj-holes tend to be Recent lifetime measurements provide evidence that a more

oriented perpendicularly to each other in a nearly spheric ophi;ticl:gted approach is necessary to describe the dipole
nucleus to form a magnetic dipole. As a result, their angulaP@"d in “Ba[15]. A self-consistent description of this band

tar d7 (h dv indicat i q as been proposed within the framework of the hybrid TAC
momentaj , and], (herewr and indicate protons and neu- model [16] where it is understood as a magnetic band of

trons, respeﬁctwebycouple to a total nuclear angular momen- intermediate character for which comparable amounts of an-
tum vectorl, which is tilted with respect to the principal gylar momentum are generated by the shears mechanism and
axes of the nucleus. This kind of coupling causes a spontagy collective rotation. This conclusion was based on the cal-
neous breaking of the signature symmetry with respect to thgyjated dependence of the tilt angle on the rotational
intrinsic frame, which leads to the appearanceld=1 se-  frequency—© (w) [16]. The proposed intermediate picture is
quences6]. The total angular momentum is increased by theiggical, because nuclei in the Xe-Ba region are much more
gradual alignment of . and j, along the rotational axis, a deformed than the nuclei in the vicinity of closed shells,
process which is named the “shears” mechanism. The magwhere magnetic rotational bands have been observed to date
netic moment has a large transverse compopegnt which ~ [2].
gives rise to enhanced 1 transitions in the shears band. In this paper we report on a new dipole band observed in
An interesting question is whether the shears mechanisrthe oddA nucleus *?3Xe. This band, as well as a similar
can also exist in deformed nuclei in which angular momen-band which was observed in the neighboring even-&/¢a
tum is usually generated by collective rotation. In other[11,17], are described as dipole bands of intermediate nature.
words, where are the boundaries of the phenomenon of mag-
netic rotation and what is the interplay between the shears
mechanism and collective rotation? ThgKe and s¢Ba nu-
clei in the A~120-130 mass region have a moderate quad- High-spin states in?3Xe were populated in the reaction
rupole deformation ok,~0.2 and are expected to be good '%Pd(*®0,5n) at 75 MeV. Thé®O beam, which was pro-
vided by the XTU tandem accelerator at the Legnaro Na-
tional Laboratory, was incident on an enriched 10 mg/cm
*Present address: Oliver Lodge Laboratory, University of Liver- 11%d target. The nucleay decay was studied with the
pool, Liverpool L69 7ZE, United Kingdom. GASP spectrometef17]. A total of 4.5<10° coincidence
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events, which satisfied the condition of at least three HPG@ Fig. 1 and they rays assigned to bariare listed in Table
and three BGO detectors firing, were accumulated during the A sample spectrum, revealing the transitions in banis
experiment. Thel(Z:Jata were sorted ity matrices and the  ghoyn in Fig. 2. The order of the levels is unambiguously
level scheme of'*Xe was constructed using coincidence gy by the weak crossover transitions. Whenever they
relationships and t'he relative mtensmespfay transitions. — oo,,4 pe reliably determined, the DCO ratios were found to

To deduce multipole orders of rays, directional correla- o consistent withvi 1 multipolarity for the cascade transi-

tion (DCO) ratios [18,19 were analyzedy-y events with o
one vy ray detected in one of the 12 detectors placed at 31.7° Low-lying transitions in band& andE (as shown in Fig.
and 36.0° (average 35°), at the complementary anglesy) \ere observed in coincidence with bafid The highest

144.0° and 148.3average 145°), and the otherray de-  placed transitions which are in coincidence with banare
tected in one of the eight detectors at 90° relative t0 thghe g76 keVy ray, which belongs to ban#, and the 385
beam direction were sorted into a coincidence matrix. Coinyay transition. which connects baddwith bandA (see Fig.
cidence spectra were extrapted from the (35° ,_90°) and th@_ Both transitions depopulate= 2 stateg20]. The decay
transposed (90°,35°) matrices. The DCO ratios were obgf pandT is probably fragmented into several paths, since
tained as the ratios of-ray transition intensities in both the jinking transitions to thé=2' states were not observed.
background-corrected spectra. A DCO ratio of 1.0 is eX_PossibIe values for the bandhead spin bre(%) and |

pected if the gating and observed transitions are stretched o o _ _
transitions of pure and equal multipole order. For the present (% ). Taking into account the relative population of band

detector geometry, a value of 0.54 is expected for a puravith respect to the other bands in the schemé“dKe (Fig.
dipole transition gated on a stretched quadrupole transitionl), its bandhead should be placed at about 5.5 MeV.

High-spin states in**3Xe have been studied recently by  The vhyy,, configuration has been proposed in R&0]

Schmidtet al. [20]. In our work we confirm most of the for bandE, which is in agreement with the systematics in the
region. Band A has the vds, configuration and the

transitions that were reported in R¢20] and, in addition,
we established a new band. This bgdénotedT) is shown v[hfl,zgwﬂ configuration has been suggested for bahd
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TABLE |. Energies, intensities, DCO ratios, and multipolarities 6000

— T
for the transitions belonging to baridin *?3Xe, as obtained in the 1 Gate 152.0 keV (a) E
present work. 5000 E 4
li—1; E,?[keV] 1P DCO ratid Multipolarity® m 4000
(2)-(3-) 1520 4404 0402 M1 S 3000 -

2 2 o)
(B (%) 1993 2802 (M1) o 2000 1
(%*)H('é‘;*) 226.1 3.30.3 M1) i
(2 (3-) 2455 2802 M1) 1000 |
(32-) (%) 4718 0.26:0.05 (E2) 0

' I ' I ' I ' I ' I ' I ' I
(BH)—(2) 2982 3.8:0.3 0.6:£0.2 M1 150 200 250 300 350 400 450 500
(4-)—(3Z-) 5441 0702 (E2) E [keV]
(%*)H(%*) 357.4 13.%0.9 0.5-0.2 M1 : " : T . T .
(8)-(32) 6552 205 (E2) 2000 4 Gate 152.0 keV  (b) . -
(42_5*)H(%’*) 475.7 2.6:0.3 M1) E o
M~
(45-)_(4-) 8332 306 (E2) 1500 - 5/ §
_ _ ¢
(42_7 )_,(4?5 ) 489.3 4.8-0.9 0.70.2 M1) P
1000 -

&The errors in the transition energies are between 0.1 and 0.4 keV 3
®The intensities were obtained from the full projection and normal- ©
ized to the intensity of the 456.3 keV transitioB2( — 5 7). 500 4
°DCO ratios determined in summedray coincidence spectra pro- 7
duced by gating on alE2 transitions of band& andE which are in 0 . r . r . r
coincidence with band. 500 600 700 800
dMultipolarity compatible with the DCO ratio and the deexcitation Ey[keV]
mode.

®The intensity of this transition was obtained in a coincidence spec- G- 2. Coincidence spectrum gated on the 152.0 keV transition
trum gated on thé/ 1 transition which directly populates the level of the bandT. The transitions which belong to baffdare F’enf)‘ed
by open squares and those of badandE are marked with filled

of interest. ’
diamonds.

[20]. Band T in '3Xe is most likely a five-quasiparticle
band. The alignment vs rotational frequency of the dipoleQ2= 7 Nilsson state, and thes, particles occupy thé€) =3
bands in 12312Xe is displayed in Fig. 3. Both bands have a states. Note that thds, and theg,, particles are strongly
similar behavior in the frequency interval for which bafd mixed for both protons and neutrons. By adjusting several
was observed. The initial alignment of bafds about 3 parameters, th& value, the intrinsic quadrupole moment,
larger than the initial alignment of the dipole band'#Xe. = Q,, and the difference of the gyromagnetic factd¢gy
The difference between the initial alignments can be ex—gg)|, Schneider etal. were able to describe the
plained with an extravh,,,, particle which is present in the B(M1)/B(E2) ratios in the four-quasiparticle band tA*Xe
structure of band'. The initial alignment of thevhy,, par-  [12], using the geometrical model of Bau and Frauendorf
ticles is approximately 8, as shown in Fig. 3, while the [14].
vds, particles, which can also be considered in the configu- We have chosen a different approach for the description
ration of bandT, have zero initial alignment. of the dipole bands in the Xe nuclei. TH&M1)/B(E2)
From this experiment we were able to deduce the ratios ofatios for the dipole bands if?>?%e were compared to
reduced transition probabilities for four states of banth calculations within the hybrid TAC mod¢L6]. The hybrid
123¢e. We assume a pumd 1 character for the\|=1 tran- TAC model is a version of the TAC model, in which the
sitions(i.e., 5=0). The last assumption is based on the meaNilsson potential is adjusted to be as close as possible to a
sured mixing ratios for the dipole band#Xe [12]. They = Woods-Saxon shape. This is done, as described in[Re}.
are relatively small(0.14—0.17 [12] and cannot influence by using the energies of the spherical Woods-Saxon potential

the results foB(M1)/B(E2) ratios by more than 2%. plus a deformed part which is an anisotropic harmonic oscil-
lator. It is well known that the Woods-Saxon potential with
IIl. TILTED AXIS CRANKING MODEL CALCULATIONS the universal set of parametdgl] is a better approximation

for massA~ 130 nuclei[22]. This is a reasonable approxi-
The dipole band in?*Xe is a four-quasiparticle band with mation as long as the deformation is moderate, which is the
a suggestedr[ hy1{ds/2/97) 1® v[h11Lds/2/g72) ] configu-  case for 12312%e.
ration [12]. Assuming prolate deformation, th®,,, proton The present TAC model calculations are self-consistent
occupies the = 3 Nilsson state, thény;, neutron is in the  with respect to the deformation parameters only. The pairing
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=16 MeV 42, 7,=30 MeV %44
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154
properties are fixed by the pairing field, which is determined

in the TAC model by the gap paramet&r(for more details
see Ref[6]). Since a large reduction of the pairing gap can
be expected for multi-quasi-particle excitations in our calcu-
lations we used the following gap parametera:,
=0.77 MeV for neutrons ana ,=1.0 MeV for protons, 01
which correspond to about 75% of the experimental even-

odd mass difference.

The lowest-lying 4jp positive parity state in*Xe, ac- FIG. 4. Comparison of the experimental observables in the di-
cording to the calculations, has the{hiy{ds2/g72)]  pole bands int?312%e to theoretical calculationsa) Experimental
® v[h11Ads;2/97,2) ] configuration at an equilibrium defor- spins(open circles in the left-hand side of the figure TAC model
mation e,~0.19, y~30°. Both the angular momentum vs predictions for the 7[hyy{dsn/972)]1® v[hiyLdsn/G72) sl
the rotational frequency(% ) [Fig. 4@)], and the ratios of (dashed lingand them[h;1,{ds,/g72)1® v[ 2, ds;2/d72) ] (solid
the reduced transition probabiliti¢fig. 4b)] were calcu- line) configurations in'?Xe at e,~0.20,y~29° and in the right-
lated for this configuration. hand side for thew[hyy{ds/g72)]1® v[hyyAds/g72)] (solid

The calculations reproduce the increasing trend of the arline) configuration in***Xe at e,~0.19,y~30° are presentedb)
gular momentum vs the rotational frequency. However, agxperimentalB(M1)/B(E2) ratios in ***!*Xe are compared to
high frequencies the discrepancy with the experiment’AC model predictions for the above configurations at the same
reaches a factor of Psee Fig. 4a)]. Similar discrepancy is defor_mations(the same notaﬁops are ugeth the_ left-hand side of
observed also in the case é#Xe. The reason is that the the figure a caiculatlon Wlt_hln the geometrical model_for the
moment-of-inertia parameters are only poorly reproduced irf" [N1y/As2]® v[1y,72] configuration at prolate deformation,
the calculations. It is known that these parameters are quitg 02 'S displayeddotted line.
sensitive to the pairing properties. In the present calculation
standard values for the pairing gaps were taken, as derivéfat the shears mechanism has a significant contribution to
from the binding energies. By fine tuning the pairing gapsthe total angular momentum. However, it is not the shears
the agreement could be improved. On the other hand, effectgechanism alone, which is responsible for building up the
such as quadrupole pairing are not included in the TAC mea@ngular momentum in the band. The core has a significant
field at present. Such effects might be the reason for th@éeformation which favors collective rotation as well. Thus,
above discrepancy, because t&12%e nuclei are knownto  We consider the dipole band iF*Xe to be of intermediate
have a moderate deformation. character.

For theB(M 1)/B(E2) ratios the trend and the magnitude  The TAC calculations for the ban@l in **e yield that
are reproducedFig. 4(b)] by the calculations. The solution the lowest-lying %jp configurations of opposite parity are
obtained is a tilted one. The tilt angle takes values of abouthe 7[hy1{ds/2/97,2)1® v[h11Ads2/g72)dz]  and  the
60° and slightly increases within the frequency region inm[hi1{ds;»/97,)1® v[hiy,{ds»/g72)] at the same equilib-
which the band is observdéFig. 5a)]. This is an indication rium deformatione,~0.20, y~29°.

P s
[}
il

104

BIMII->I-1 YBE2;I-1-2) [ (u,/eby]

12 14 16 18 20 22 24 2612 14 16 18 20 22 24 26
Spin [A] Spin [7]
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90 T T v T T T T rotational frequencyFig. 3). As discussed above, the initial
(@) ™Xe 1 alignment of them[h11Ads/2/97/2) 1® v[ N11/Ads2/ G772) 32
configuration would bei,~6#A (the same as for the
80 ] 7 N11/Ads12/972) 1® [ h11/{ds2/972) ] configuration  in

124¢e), which contradicts the experimental observations. If a
20 perpendicular coupling of the spins of the valence protons
i ] and neutrons is assumed at the bottom of the band, the

i 1 N1/ ds;2/ 9712 1® V[hillz(dSIZ/gWZ)] configuration yields
60 L | a value ofl =%~ for the spin parity of the bandhead. Based
on these consideration§ = (3! ~) was adopted for the spin
parity of the first state which was observed in bandrhe
i . ) . ) . T lengths of the spin vectors of the valence particles and holes
) ' ) ' ) ' ' are relatively different, which makes the shears arrangement
unstable. This might be an explanation for the dipole band in
123¢e being shorter than the one #*e. For comparison, a
theoretical curve, which was obtained within the framework
of the geometrical model[14] for the =[hqqy055]
® v[hZ,,.97,] configuration at prolate deformation;=0.2,
is presented in Fig.(#). The following values were accepted
in this calculation: they factors for the different orbitals were
taken from Wardet al. [8]. The K quantum number is ap-
proximately good for they-soft Xe nuclei and a valu&
=9 was assumed for the above configuration. The experi-
60 . f . , . f . mental alignment was distributed among the quasiparticles in
100 200 300 400 500 the same way as in Rdf12] and the observed difference of
ho [MeV] 3% was attributed to the additional neutron hi,, orbital.
The trend of the experiment&(M1)/B(E2) values cannot
FIG. 5. The dependence of the tilt angle vs the rotationalbe described in this case. On the other hand, for the
frequency: (@) for the w[hyyAds;2/972) 1@ v[h1yAds2/972)] [ hyy{ds/972) 1@ v[h2,,{ds2/g772) ] configuration, which
configuration in **Xe at €;~0.19y~30° (b) for the g gptained in the framework of the TAC model, the tilt angle
h11Asi2/9712)1® vy A dsr2/g72) ] configurations in*?Xe at [Fig. 5(b)] gradually increases from 63° Aw~100 keV to
€~0.20y~29". 73° athw~450 keV and approaches the strong coupling
limit faster than in the case df*Xe [see Fig. %a)]. Also in
The calculated dependencies of the spin vs the rOtatiOﬂths case, as for the d|p0|e band %Fﬁ)(e, we interpret band

frequency are shown in Fig(d. For both configurations, as T in 2%Xe as a dipole band of intermediate character.
in the case of*?*Xe, there is discrepancy between experi-
mental values and the calculations at high frequencies. The
calculated I (Aw) function for the latter configuration is
closer to the experimental values at low rotational frequen-
cies and like the former one bend up at higher frequencies In summarv. we have observed a neti—1 band
[Fig. 4@)]. This behavior is quite similar to the one observed. 123y nary, . . c;%‘h(

in the paired calculation for the tilted band 1%8a[6] but 1N~ X€ This band and the similar dipole band“fiXe are

the bigger discrepancies between the experimental and cdPterpreted in the framework of the TAC modetip and
culated values of thé(%w) function [Fig. 4(@)] indicated 4qp magnetic bands of intermediate character, respectively.
that the pairing fields int23Xe are smaller than the ones in Concerning the calculated moments of inertia of these bands

124¢e and 128a, which is expected for odd-mass nuclei. ~ ©nly a poor agreement is obtained which could be, however,

A better agreement is achieved between experimental arinproved by a fine tuning of the pairing properties. The ob-
theoretical values of ratios of the reduced transition probserved trends of the measurBdM1)/B(E2) ratios are de-
abilities for them[hy1,{ds/972) 1@ V[hfl/z(ds/z/ng)] con- scribed by the calculations when selecting the tilted configu-
figuration[see Fig. 4b)]. The calculated(M1)/B(E2) ra-  rations in which both thé,, proton andh,,,, neutrons are
tios for this configuration reproduce the strongly decreasingccupied. Thus, in combination with the results of H&g]
trend of the experimentd3(M1)/B(E2) values, while the for 1?8Ba a consistent description of thé1/E2 decay prop-
calculation for the w[hiyAdsn/97/2) 1@ v[hyyA{ds,/ erties in theA~130 mass region based on tilted bands is
07/2d35] configuration cannot reproduce the trend and theobtained. The calculations suggest that both the shears
discrepancy with the experimental values is much largemrmechanism and the collective rotation contribute to the gen-
These results are consistent with the observed decay of bardation of the the angular momentum in these bands indicat-
T (Fig. D and the behavior of the alignment as a function ofing that this is a structural feature of the nuclei in this region.

O [deg]

© [deg]

70 | -
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