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Ahstract: Hig¡--spin states in ’®Br decayfng into the A* isomer at 180.8 keV were excited via the 

’’Se(a:, 2np) and ^*Ge (^Li, 5n) rea¿tions. A sequence of closely lying levels with /  « 8  is found 
Setween 227.6 and 467.6 keV. Thá highest state in this group is populated by a relatively strong 
90*. 1 keV A I = 2 transition. These fpatures provide a basis for a comparison with the positive-parity 
grouná-state Coriolis-distorted banti of ’^Kr, in the light of a rotor plus ene- and two-quasiparticle 
descriptions. J

Other previously reported low-s¿in states are also seen weakly with this reaction. Two new 
isomsric states of 9±  1 ns at 337.8 keV and 84±8 ns at 227.6 keV are found. The latter decays 
into the 4* isomer through a 46.8 keV transition, which lies unresolved from the 46.3 keV Une. 
Ti.e existence of this doublet explains an earlier discrepancy.

NUCLEAR REACTIONS ’ ''Se(¿, 2np-y), E  = 30-55 MeV; ^ G e fL i, 5n), E  = 40-50 MeV, 
measured a(E, Ey) Ey, ly, Iy(d, t) yy-coin. ’®Br deduced levels, J, Tx/2- Enriched targets.

-------------------- --------------------- ----------------------------------------------------------------------------

1. Introduction

In a recent le tte r we repo rted  on a decay schem e for levels in ^®Br depopulating 
into the 4 " isom er, which extends above it by approxim ately 300 keV. A  m otivation 
for ihis study and others was provided by the earher observation of an un- 
expected parallelism  betw een the 4"̂  band "*) in ^®Br and the ^  ground-state band 
■n'^Kr.

T he theoretical investigation of this phenom enon indicates tha t there  is a 
corarrion parentage in both  bands. A t least, in the particular case of the iV = 41

* On leave of absence at SUNY, Stony Brook, Long Island, NY, USA.
** Fellow of the Consejo Nacional de Investigaciones Científicas y Técnicas, Argentina.

Chercheur CNRS.



isotones and '^"'Kr, the lowest states of appear to  be es íen t ia l ly  unañected  
by the unpaired  proton. In the case of ^^Br one wishes to explore the occiirrerice 
of this physical situation by com paring its high-spin positive-parity  staíes with those 
of ̂ ®Kr. In fact, different spectra are expected because of the decrease ixi deform ation 
taking place from  N  = 41 to  43, and this circum stance should alter th s  situation 
as com pared to the case of ^®Br and ^^Kr. Such changes may be valuable for o 
b e tte r understanding of the underlying phenome'tia.

The data  on the positive-parity band of ’®Kr afe unfortunately  incom plete 
H ow ever, the efíect of the sm aller deform ation iá evident; the Coriolis distortions 
are considerably enhanced as com pared to ’^Kr, go that while the  splittinfe o í states 
associated with the sam e collective angular m oi^entum  R  is sm ah, the separation 
energies betw een those associated to different collective excitations are  as large as 
800 keV  and m ore ®’̂ ). It is im portant to  reach sUch excitation energies above the 
4"̂  isom er in ^®Br in o rder to allow a comparisory of significance within the presen t 
context.

W ith this purpose, the previous work ')  was carried on fu rther to  achieve observa- 
tion of higher states. The results of this w ork are given below and the possibility 
tha t the com m on paren tage hypothesis applies fo ^®Br and ’®Kr is discussed in the 
light of the  new data.
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2. Experimental procedures and measurements

In the experim ents to be described, a 55 M eV ^a-particle beam  from  the Buenos 
A ires synchrocyclotron, which can be degraded  to  achieve energies betw een 30 
and 55 M eV, was used to  produce the ’^Se(a, 2np) reaction.

T he target was m ade of 91.8%, enriched ’^Se. The selenium , in pow der form , 
was uniform ly distributed  on a 4 ixm m ylar foil and bound to  it with spray lacquer. 
T he target area  was about 4 mm^ and the thickness was 5 m g/cm^.

T he -y-radiation was detected  with two coaxial detectors, one of 10% efficiency 
and  2.3 keV  resolution, and the o ther of 6%  efficiency and 3 keV  resolution. In 
addition, the low -energy spectrum  was investigated with a small X -ray Ge(Li) 
de tec to r with a resolution of about 800 eV  at 100 keV.

T he analyses of the spectra w ere perform ed with the aid of the Computer 
program m e SA M PO  “ ) and sources of ^^^Eu, ^^^Ba and ‘̂‘^Am w ere used for 
energy and efficiency calibration.

In addition, y -y  coincidence and singles m easurem ents were carried  ou t at the 
G renoble  isochronous cyclotron using the ^®Ge (^Li, 5n) reaction.

Fig. 1 shows the singles y-ray spectrum  taken  w ith the 10% efficiency detec to r 
at Ea = 45 M eV , while the low-energy spectrum  taken  with the X -ray detec to r at 
the sam e bom barding energy is shown in fig. 2. Besides the m ost intense y-lines 
of ^®Br at 99.8, 110.2 and 148.5 keV, the ground-state band transitions of ^®Kr 
are  prom inent in the  spectrum  of fig. 1. In the b e tte r resolution spectrum  of fig. 2
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BOMBARDING ENERGY (MeV)
Fig. 3. Excitation functions of representative -y-rays from the most intense reaction products after

bombardment of with a-particles.

the doublet at 46 keV  is just discernible, as shown in the insert. The existence of 
this doublet is confirm ed by the tim ing and coincidence data  (see below).

T he isotopic assignm ent of the  y-rays was done on the basis of their relative 
excitation functions. The a-beam  energy was varied betw een 30 and 55 M eV  in 
steps of 5 M eV. The excitation functions for representative y-rays from  the m ost 
intense reaction products after bom bardm ent of ’^Se with a-particles are shown 
in fig. 3. O ne sees tha t reactions involving two, th ree  and four particles are easily 
distinguished from  each other. Since the level schem e of ^®Kr is well know n from  
the decay of ’*Rb and also from  (HI, xn) reaction  w ork, the y-transitions which 
belong to  ^*Kr can be readily identified. Similarly, o ther reactions in which three 
particles are em itted  leading to  nuclei such as ^’Se, ^®Se and ^^As can be taken 
adequately into account since enough Inform ation exists on these nuclei. The 
rem aining y-rays which exhibit an excitation function sim ilar to tha t of the 99.8,
110.2 and 148.5 keV  lines w ere assigned to  ^*Br. A ll these assignm ents are con- 
sistent with those of K luger-B ell et al. ^).

Energies and intensities of the lines observed in the present w ork and assigned 
to  ^^Br are given in table 1. E stim ated to ta l intensities are also shown. In cases 
w here m ultipolarity is not know n the different possibilities are indicated. The results 
corresponding to  the (a, ny ) w ork of ref. are also presen ted  in the last two 
columns of the table.

M easurem ents of y -y  coincidences were carried out using two large Ge(Li) 
detectors and a com bination of one large detec to r and a high-resolution p lanar 
counter. C onventional coincidence circuits with tim e resolutions ranging from  
2 t  = 10 to  60 ns were used in these m easurem ents and the coincidences w ere stored  
in the  event-by-event m ode.
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T a b l e  1

Energies, intensities, angular coefflcients and half-lives determined from the present exfsriméir:, together
with information extracted from ref.

Present results R ef.")

/ / ) A T' ly
7'-./2

(keV) y-intensity total intensity A l T-í /2 (ns)

30.0 15±5 '60±20(E 1) 
75±25 (MI)

0.03 ±0.06 10

32.3 62±8 210±30(E1) 0 ±0.02 100 8.3±0.:^

37.4 7± 2 17± 5 (El) 
20± 8 (MI) 0.16±0.10 9

46.3 7 ± 2 13± 2(E1)-| 17± 2ns 68 13.8±1.’

46.8 60±5 108±10(E1)  ̂
120± 10(M l)j

0.09 ±0.02 ‘*)
84± 8 ns

63.3 '’) 5±1 3.33
68.8 ") 3±1.5 2
7 1 .9”) 3 ±0.6 3
72.9 4± 0.6 5.0±0.8(E1) -0 .4  ±0.2 3 6.^ ±0.2
83.9 4±0.5 4.5±0.6(E1) -0 .5  ±0.3 4 5.1±0.1
99.8 100±5 112±6 (MI) -0 .18± 0 .02 <3 ns 40

110.2 110±10 120±11 (MI) -0 .05 ±0.014 9.0±1 ns 80 6.5 ±0,1
148.5 180±10 230±15 (M2) -0.01 ±0.02 120±1 US 180
196.0 25±2 -0.13±.0.12 <25 ns 27
242.9 3±1 2
261.2 9± 2 5
394.5 16±3 2
404.2 9 ± 2 3
419.6 5± 1°) 2.2
457.2 4± 1 2
509.2 35±5®) 2
564.2”) 6± 3
568.5 18±4 -0 .30± 0 .18 3
592.1 *’) 6± 3
904.1 38±4 0.30±0.10 2

“) The energy errors for the strongest lines are ±0.2 keV and for the weakest ±0.5 keV. 
’̂) Unplaced in the level scheme.
°) Intensity estimated from the branching ratio quoted by Kluger-Bell et al. )̂.
'*) This result corresponds to the unresolved 46.3 ±46.8 keV lines.
“) Assuming indicated multipolarities.
*) Intensities from both reactions are equal within errors.

Intensity deduced from coincidence measurements.

T he results of these experim ents are sum m arized in tables 2 and 3. T he num bers 
represen t the peak  areas corrected  for the  efficiency of bo th  detectors. Some 
coincidence spectra are shown in figs. 4 and 5.

T he y-ray angular distributions were m easured by recording spectra a t four 
different angles (90, 110, 130 and 145°) with respect to  the beam  direction. The 
m ovable detec to r was placed at 15 cm from  the target. The spectra taken  at different
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- . ,Jr i; '«i  ̂O X-gamma coincidence intensities in “)

Enejgy- -  -
\  30.0 37.4 46.3 46.8 72.9 83.9 99.8 110.2 196.0

Gate

30.0 1.7±0.6 16±2 15±2
37.4 -------  1.4±0.7 3± 1  w

46.3±45.8 1.7±1 l iO .8  w 13±2 16±2 5±1
72.9 3±1 w 2± 1  3± 1
83.5; 2± 1  1±0.5
99,8 12±2 w 10±2 3± 1  1±0.5 133±15

110.2 14±1 14±2 167±20
1196.0 4.5 ±1
394.5 <1.2 2± 1  9 ± 2  9± 2
568.5 <3 14±2 16±3
904.1 2±1 3± 1  14±2 17±2

Eiiergies are given in keV,
The m^asurements were carried out with both detectors at 90° with respect to the beam. Corrections 

for angular distributions were not included explicitly as they are small compared with the intensity 
errors shown in the table.

The letter “w” denotes weak intensities.

angies were norm alized to  the 148.5 keV  line, which, due to its long half-life of 
120 (AS, has an isotropic angular distribution.

T he norm alized peak areas w ere fitted to  the  angular distribution function 
W (6) = A \ \  + A zP j Ícos 0)]. (In a tw o-param eter fit was always consistent with 
zero so tha t a second fit was carried out with only A  2 as a free parem eter.) The 
angular distribution coefficients are given in table 1.

A  search for isom eric states with lifetimes larger than  a few ns was perform ed 
in two different kinds of experim ents. In the first one, the natural pulsing of the 
synchrocyclotron beam  (one burst every 100 ns) was used to  stop a T A C  which 
was triggered by the y-ray signáis from  the X -ray detector. In this way a half-life 
of 9 ±  1 ns was determ ined  for the 110.2 keV  line (fig. 6). The 46 keV  y-ray exhibits 
a tim e distribution with a long-Iived com ponent. W hen this com ponent is subtracted, 
a slope corresponding to T , n  =  1 7 ± 2 n s  is ob tained (fig. 6). Suspecting tha t the 
46 keV  line was a doublet belonging to  ^*Br, a second lifetim e experim ent was 
carried out in which the tim e delay betw een the 110.2 and the 46 keV  y-rays was 
m easured, obtaining 7’i/2 =  8 4 ± 8 n s  for the eííective half-life of the la tte r’s long- 
lived com ponent. These results, com bined with the y -y  coincidence m easurem ents, 
clearly confirm tha t there  are two unresolved y-rays under the peak at 46 keV. 
A lthough the 46 keV  doublet is not resolved, a distinct shift is observed when 
com paring the spectra gated with the 196.0 keV  line and those gated with the 110.2 
and 99.8 keV  lines. This shift indicates that the 46.3, and not the 46.8 keV  line is 
in coincidence with the 196.0 keV  y-ray and corresponds to  that placed by K luger-
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Fig. 4. Coincidence spectrum obtained with the *̂’Ge(’Li, 5n) reaction at £  = 48 MeV.

Bell et al. as deexciting their 242.3 keV  level. This is fu rther corroborated  by 
the fact that the 110.2 and 196.0 keV  transitions are not in coincidence, and that 
by using the same delayed coincidence technique betw een the 46.3 keV  and the 
196.0 keV  Unes a tim e limit of 25 ns was determ ined betw een the two. The half-Iife 
of 84 ns corresponds to  the stronger 46.8 keV  transition. The results of the  present 
m easurem ents are shown in column 5 of table 1 and are com pared to those of 
ref. in colum n 8. O ur valúes are about 50%  larger than those of K luger-Bell et 
al. ^). This shift is approxim ately the same as observed when com paring the half-life 
reported  in ref. for the 32.3 keV  line and that previously m easured *).
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Fig. 6. Time distribution data. A indicates raw data for the 46.3 + 46.8 keV doublet. After background 
subtraction T i/2 = 1 7 ± 2 n s  is obtained for the 46.3 keV Une. The time distribution corresponding to 
the 110.2 keV line (7’i/2 = 9 ± l  ns) and the prompt distribution corresponding to the 99.8 keV -y-ray

are also shown.

3. Energy levels and decay scheme

The energy levels of observed in this w ork and their decay schem e are 
show n in fig. 7.

T he ground State has spin and parity  7 ’̂  =  [(ref. *)] while the corresponding 
assignm ents for the 32.3 and 180.8 keV  levels have been established by P leiter et 
al. to  be 2^ and 4^, respectively. This result was later corrobora ted  by K luger-Bell 
etal. by determ ining an / =  1 transfer in the (p, d) reaction leading to  the  32.3 keV  
State. Since the 148.5 keV  isom eric transition  is known to be M 2, this implies a 4^ 
assignm ent for the  180.8 keV  isomer.

3 .i. LOW-SPIN STATES (7< 4)

W ith the exception of the  457.2 keV  level these states have been identified in 
previous charged-particle reaction w orks^’®), or via the ( a ,n y )  reaction^). W e 
believe, as discussed below, that the 457.2 keV  State has also been excited, though 
not identified, in the la tte r study.

E arlier work of Finckh et al. indicated the existence of a doublet at about 
195 keV. L ater, two states at 193.5 and 197.0 keV  were determ ined  ^). K luger-Bell 
et al. have proposed = ( 0 ,1)"̂  for the form er, an assignm ent which may be 
com patible with the fact tha t we do not observe this State. O n the o ther hand, 
these authors do not place in their level scheme the ground-state transition  from
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(11) 1940 2

1371.7

976.9

32.3
___________________________________ 0.0

78Br 
35 -i3

Fig. 7. Level scheme of ’^Br. Numbers in parenthesis following the energy valúes represent y-intensities, 
while total intensities are indicaled by the relative widths ot the transitions.

the 197.0 keV  State as h itherto  proposed ), while they repo rt on a new strong
46.8  keV  transition feeding it which implies a large déficit (/m //out>  15) for the 
outgoing intensity from  this State, and this intensity unbalance is not resolved even 
if the 195.76 keV  transition  is regarded as the ground-state transition.



T he observation of a doublet at 46 keV  with two different half-lives for each 
com ponent, as discussed above, allows us to understand this discrepancy. The 
transition  feeding the State, now proposed at 196.0 keV , is the weak low-energy 
com ponent of 46.3 keV  showing a half-Hfe of 17 ns, which we assign to the 
242.3 keV  level. The 196.0 keV  transition is identified with the ground-state transi­
tion, in accordance with previous results *), and it probably  corresponds to the 
195.76 keV  y-ray observed by K luger-Bell et al.^) on account of its relative 
intensity. The cross-over transition from  the 242.3 keV  level is weakly observed 
in coincidence with the 404.2 keV  line and its placem ent in the level schem e of 
fig. 7 agrees with the results of K luger-Bell et al. ^).

The f  H e, d) data indícate that the 196.0 keV  level has positive parity and 
/  =  2 or 3. The presen t inform ation is consistent with this assignm ent. Because the 
anisotropy of the 196.0 keV  y-ray is slightly negative, and its half-life is less than 
25 ns, I  = (2) is favoured.

The 242.3 keV  level has a negative parity  and /  =  3 or 4, as deduced from  the 
/ =  transfer analysis of the (p, d) reaction ^). The m easured half-life of 17 ns indicates 
I  = (3) for this State.

The 457.2 keV  State is established on the basis of the coincidence betw een the
261.2 and 196.0 keV lines and the non-coincidence betw een the 261.2 and 46.3 keV  
lines. G am m a rays of 261.3 and 457.2 keV  were observed but not placed in the 
level scheme by K luger-Bell et al. ^).

Because of the energy fit we have placed the la tte r in our level schem e as the 
ground-state transition  from  this level. Spin-parity valúes = 1*, or 3* are 
possible for this state on the basis of the  available data. H ow ever, the 
7^(261.2 )//^ (4 5 7 .2) branching ratio  suggests that I'" = is the m ost likely 
assignment.

3.2. STATES DECAYING INTO THE 4* ISOMER

The 227.6, 265.0, 337.8, 437.6 and 467.6 keV  levels w ere reported  in ref. )̂. 
W ith the exception of the 265.0 keV  level they provide the main path  for the 
y-decay of the residual nucleus in the ^^Se(a, 2np) reaction at bom barding energies 
of 3 0 M eV  and above. In fact the predom inant 99.8, 110.2 and the 46.8 keV 
transitions w ere also seen, but not placed in the level schem e, in the ^^As(a, n) 
reaction work ^). These y-rays are in coincidence and thus constitute a cascade. 
The la tter is the stronger com ponent of the 46 keV  doublet, and the tim e coincidence 
m easurem ents show tha t it follows the 110.2 keV  y-ray with a half-life of 84 ns. 
From  this m easurem ent one concludes that the 46.8 keV  transition lies lowest in 
the cascade. In this case a m inim um  valué for this transition’s to tal conversión 
coefiicient can be deduced from  the to tal intensity feeding the 227.6 keV  level. W e 
com pute the m inim um  intensity by neglecting the tentative 419.6 keV  transition 
and assuming E l  m ultipolarities for the 37.4 and 1 1 0 .2 k eV  lines (although the
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la tte r is believed to  be M I as discussed below), since M I transitions would yield 
a larger contribution as indicated in table 1. F rom  this valué we dt duce «t(46.3) >  
1.05. T he corresponding E l  and M I conversión coefficients are 0 .80 and 1.00, 
respectively. T herefore  the data  indícate a m inim um  am ount of quadrupole mixing, 
of 1.2%  (M2) and 0.35%  (E2) in each case. Taking into account tha t the partiai 
half-life of an M 2 transition of this energy is larger than  (since M 2 transitions are 
usually h indered) the  single-particle (W eisskopf) valué of 2.4 ms, even a small, 1.2, 
percentage implies that the half-life of the 227.6 keV  level should at least be 300 
tim es longer. H enee it is m ost likely that the 46.8 keV  transition does not entail 
parity  change.

Because of its intensity, and the fact tha t the cascade is not observed in the low 
angular m om entum  charged particle reactions, it can only feed the 4"̂  isom er at
180.8 keV. H enee positive-parity is favoured for the 227.6 keV  State.

T he observation  of a strong cascade w ithout cross-over transitions suggests an 
increasing sequence of spin valúes with energy. Indeed the 99.8 keV  y-ray clearly 
corresponds Xo a A I  = \  transition because of its negative anisotropy. This charac- 
teristic is also exhibited by the 110.2 keV  y-ray and the weak 72.9 and 83.9 keV 
lines, although the angular distribution is a ttenuated  in the first case, and is less 
accurate in the la tte r cases.

This com bined Inform ation suggests that the spins of the 227.6 , 265.0,
337.8 and 437.6  keV  states are I  =  (5), (5), (6) and (7), respectively. T he I  =  (5) 
assignm ent for the 227.6 and 265.0 keV  states is fu rther supported  by the posi­
tive anisotropy shown by the 37.4 keV  y-ray which is consistent w ith a A I  = 0 
transition.

T he spin of the 467.6 keV  level is tentatively proposed as /  =  (8) because the 
prom pt character of the 30.0 keV  transition exeludes the possibility of quadrupole 
m ultipolarity, and because of the non-observation of a cross-over transition  to 
low er states, which m akes it less likely to  be /  =  6 or 7.

The 646.5 keV  state  is established by the observed coincidences betw een the
404.2  and both  the 46.3 and 196.0 keV  lines. Two transitions of 404.2  and 
419.6  keV  are shown in fig. 7 depopulating this State. W e have not observed the 
second one, which is placed in the level schem e on the basis of the singles data 
given by K luger-Bell etal. ^). T here is no angular d istribution data to  help determ ine 
the spin of this level. H ow ever, its decay into 1 = 3 and 5 states with com parable 
intensity suggests /  =  (4) for this level.

T he State at 1371.7 keV  is particularly well populated  in this reaction  as indicated 
by the intensity of the  394.5 and 904.1 keV  transitions and therefore  bears special 
in terest as will be discussed in the next section. T he 904.1 keV  line is observed in 
coincidence with the 3 0 .0 -9 9 .8 -1 1 0 .2 -4 6 .8  keV  cascade and its angular d istribution  
exhibits positive anisotropy, so tha t ^ /  =  0 or 2. T he la tter is m ore likely on 
account of the absence of com peting branches into low er states and henee 
I  (976.2 keV ) =  (9).
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T he 568.5 keV  y-ray is a relatively strong Une in the  spectrum . It is in coincidence 
w ith the  30.0, ,99 .8 ,110 .2 , 394.5, 509.2 and 904.1 keV  Unes. Thus, the 1940.2 keV 
State is obtained. Because of its negative anisotropy, and lack of higher energy Unes 
from  this State into lower ones, the  spin of this State is proposed to be /  =  (11). 
IcThe p resen t da ta  are not sufficient to aUow an unam biguous determ ination  of 

tke parity of these states. T here are, how ever, a few argum ents to be m ade in this 
respect. The branching ratio  of the  110.2 and 72.9 keV  y-rays, showing the la tter 
regarded, suggests tha t the  72.9 keV  Une is E l  (as these transitions are usuaUy 
hindered several orders of m agnitude), while the 110.2 keV  y-ray is M I. This 
argum ent would imply negative and positive parities for the  265.0 and 337.8 keV  
states, respectively. H ow ever, the argum ent is too  weak and w arrants only a 
tentative assignm ent. Likewise the prom pt character of the 99.8 and 30.0 keV  
transitions favours positive parity for the 437.6 and 467.6 keV  states. FinaUy, it is 
m ore Ukely tha t the 904.1 keV  quadrupole transition, be E2 ra ther than  M 2, since 
it is difíicult to  envisage a case in which transitions of lower muUipolarity will not 
provide a decay m ode for states at energies of 1371.7 keV  or m ore.

4. Discussion of the results

T he Identification of high-spin states decaying into the 4^ isom er in ’®Br adds 
in terest to  the investigation of the 7rg9/2® ¿̂ g9/2 System in this nucleus and its 
relationship with the vgg/2  band in ’^Kr. Following the observation of such a 
system  '*) in ’^Br, and its in terpreta tion  in term s of two non-interacting quasi- 
particles coupled to a ro to r using neutrón  and core param eters which fit the  
ground-state band of ^^Kr, it becom es of in terest to  explore how and to w hat 
degree the high-spin states in ^*Br, discussed above, can be described in these term s.

From  the calculations ®) of ’*Br and ’^Kr two results are particularly significant; 
the  first excited states in both  nuclei correspond to alm ost identical average valúes 
of the core angular m om entum  R ,  and the ñgg / 2  p ro ton  in ^®Br is essentially inert 
(i.e. its quasiparticle energy rem ains nearly constant) in these first states. These 
observations follow the early suggestion tha t such states share a com m on paren- 
tage so tha t the doubly odd system m ight be described in term s of an odd-A  “ core” .

In ^®Br we m ust expect a different spectrum  from  tha t in ^^Br owing to  the 
sm aller deform ation. This is weU reflected in the  ra ther distinct increase in 2*' 
energies for A  > 7 8  in the even-even  Kr nuclei, and in the larger spacing betw een 
states corresponding to  different coUective excitations in ’®Kr as com pared to ^^Kr.

In this connection, the observation in the presen t w ork of a high-energy q uad ­
rupole transition of 904.1 keV  feeding the m ultiplet of states above the 4"̂  isom er 
is particularly interesting, as this energy is com parable to  the ^  transition  
in ’®Kr. A lthough this result is indeed encouraging, a very detailed calculation is 
not w arranted  in the presen t case because of the rem aining uncertainties concerning 
the character of the high-spin states shown in fig. 7, especially regarding their
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parity. N evertheless it is of valué to investigate, in the fram ew ork of the sam e 
m odel as used for and ^^Kr, both  the way in which the main predicted  features 
vary owing to  the change of deform ation, and the degree to  which these reproduce 
the observed spectrum .

T he m odel ) consists of a non-interacting quasineutron and a quasiproton both  
m oving in the gg/ 2  Nilsson m ultiplet coupled to a rigid ro to r, whose inertial 
param eter is taken from  the even-even  K r core.

T he param eters w ere chosen as follows: the deform ation |8 = 0 .2 7  corresponds 
to  the S (E 2 , valué of *”K r; the pairing strengths for the neu trón  and
pro ton , Gn = 2 2 /A  M eV and Gp = 24/ A  M eV, are the sam e as those used in ref. ®); 
the  inertia  constant / 2 d  =  89 keV  corresponds to  the  m ean valué of that deduced 
from  the 2^ energies of ’ ^Kr and *°Kr. Thus the only adjustable param eters were 
the neu trón  and p ro ton  Ferm i levels which w ere set equal to  A„ = 0.069 M eV  and 
Ap = 0.529 M eV  relative to  the /3n = l  and i7p = |  state energies, respectively. The 
results (see table 4) show:

(a) T he small splitting in ^®Kr is obtained and the center of gravity of the
doub let lies cióse to the position of the state A  slight change in 

deform ation (from /3 = 0.27 to  0.25) im proves m arkedly the agreem ent (see energies 
in parenthesis in table 4) showing tha t the  m odel is basically adequate  to describe 
the  positive-parity  band  in ^®Kr. W e note also that the  lowering of the state to 
becom e the ground state, instead of the state as in ’^Kr, is correctly given by 
the calculations.

(b) In ^*Br, the 4^, 5"̂  • • • 8^ m em bers of the lowest m ultiplet corresponding to 
alm ost vanishing core ro tation , lie within 300 keV  (in contrast to  600 keV  as in 
^®Br). This agrees with the experim ental data, if the tentatively proposed positive 
parities for the levels above the 4^ isom er up to  467.6 keV  are c o rre d . U nder this 
assum ption it is seen that the calculation yields a very good agreem ent w ith the 
position of the state (correctly predicted  to be the band  head) and the 5"̂  and 
8^ states, while the 6"̂  and 7^ states com e about 150 keV  below the experim ental 
valúes.

(c) T he agreem ent with the tentative (10^) sta te  at 1371.7 keV  is excellent. A t 
the sam e tim e it may be noted that the energy predicted for the 11^ m em ber of 
the  ’®Br band  lies cióse to  the  1940.2 keV  level. It should be therefore  interesting 
to  confirm the character of this level.

(d) The 9"̂  m em ber of the ’^Br band may be the sta te  observed at 976.8 keV. T he 
calculation predicts this state to  be separated  from  the rest of the Trgg/2 ® í 'g 9/2 

m ultiplet by m ore than  300 keV , a result which is in qualitative agreem ent with the 
p resen t data. This “push-up” effect is also seen in the neighboring doubly odd Br 
isotopes gradually increasing with neu trón  num ber.

T he calculation also shows that the 7?-valúes rem ain nearly constant around  l .5 h  
for the 4"^« 7 ’̂ «  8^ states in ^®Br. This result differs slightly from  those of ’®Br 
[ref. *)], in that for this nucleus the 8^ state is seen to  involve a larger am ount of
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Ta b l e  4

Excitation energies (relative to band head states), R-valúes and quasiparticle energies of the positive
parity bands in and

R Sp s„ r  £ .h ”) £exp R e„
(keV) . (h) (MeV) (keV) (h) (MeV)

4" 0 0 1.46 1.54 , 1.45
5" 56 46.8 1.85 1.54' 1.35
6" 4 157.0 1,30 1.54 1.51
r 101 256.8 1.42 1.56 1.54 5+ 20 (29) 160.8 1.82 1.28
8* 273 286.8 1.53 1.59 1.65 7+

2 0 0 1.26 1.46
9* 596 796.0 2.04 1.63 1.71 9+

? 97 (23) 19.1 0.81 1.68
lO"" ■ 1190 1190.9 3.09 1.64 1.73 11+

1 632(583) 766.9") 2.35 1.65
i r 1740 1759.4 3.65 1.70 1.83 13 + 

2 962 (825) 846.9 2.55 1.87
12" 2815 4.98 1.69 1.78 15+ ' 

2 2036 (1952) 4.30 1.72

Calculated valúes correspond to the following p a r a m e te r s f t^ /2 e  = 89keV; |S=0.27; G„ = 
22!A  MeV; Gp = 2A/A  MeV; A„ = 69 keV; Ap = 529 keV (see text).

*) £̂ exp corresponds to experimental energies above the 4* isomer.
Valúes in parenthesis correspond to /3 = 0.25 instead of jS = 0.27.

') This State is given in ref. *) as (|*) at 877.3 keV. The assignment was made at a time when the 
low-lying 2̂  State  at 148.8 keV [ref. ^)] was not known and therefore was taken to decay through the
747.8 keV y-ray into the State at 129.7 keV [ref. ®)]. Here, we would like to tentatively reinterpret 
this S tate , mainly on the basis of theoretical considerations and also preliminary experimental results, 
as the unfavored member of the R = 2 doublet in ’^Kr. Henee, the 747.8 keV y-ray would feed 
the 2* State defining the level given in the table at 766.9 keV relative to the 2* band head.

core ro tation . In both  cases a typical Coriolis distorted  sequence of i?-valúes 
(saw tooth shape) as I  increases is observed to develop for I "  & 9, which accom panies 
tha t ob tained in the odd-A  case for ’^Kr, as well as ^^Kr, for 7 "  This is not 
difficult to understand, since, as was previously indicated ®), the spin valúes 9 and 
I correspond to  the  m áxim um  obtainable intrinsic angular m om entum  in the doubly 
odd and odd-A  systems, respectively. The ^®Kr and ^^Kr R  -valúes are nearly  the 
sam e for every /-v a lu é . For these fall betw een 0.8 to l .S h  and are similar
to  those in the  doubly odd-nuclei. H ow ever this similarity, which clearly indicated 
a com m on paren tage phenom enon betw een ^®Br and ’^Kr, is less m arked  in the 
case of ’^Br and ^®Kr.

O n the o ther hand  the condition of “ inertness” of the valence p ro ton  is seen to 
be even better fulfilled in ’*Br than in ’^Br, as exhibited by the constancy of its 
quasiparticle energy for the = 4" ,̂ • 8"̂  states.

In sum m ary, the states of ^®Br decaying into the 4"̂  isom er, observed in this 
work, seem  to correspond to those expected from  two non-in teracting  particles of 
gg/2 parentage coupled to  an even-even  core.

The calculation shows that the phenom enon of a TTgg/2 ®vgg /2  particle configur- 
ation plus core system exhibiting a direct parentage with the structure due to  the



m otion of a single £9/2 neutrón coupled to  the sam e core is fully realized in ’*Br, 
as it is in ’^Br, as shown principally by the initial “ inertness” of the, unpaired  
p ro ton , and by their similar behaviour at higher angular m om enta.
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