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States of 74Br excited through the 60Ni(16O,*/>) reaction at E  =  40 to 55 MeV were studied. From the excitation 
function, x-ray angular distribution, y -y  coincidences, and decay measurements three groups of y  rays depopulating 
states with probable spin values ranging up to /  =  (11) were found. A half-life of 49.5 min and I  =  (4) for the high 
spin isomeric state at E ~  200 keV were determined at variance with previous values of 41.5 min and I  =  (4~). The 
group of y  rays feeding the /  =  (4) isomer shows similarities with a recently reported band built on a 4+ isomer in 
both 76Br and 78Br. The interpretation of these states as members of the 7rg9/2 ® vg9/2 structure is discussed.

’NUCLEAR REACTIONS 60Ni(l6O,n/>y)u B r, £  = 40-55 MeV. Measured £ y, Jy, 
IY(t), Ir(6), y-y{t). 74Br deduced levels, I r. Enriched Ni target. Ge(Li)

detectors.

I. INTRODUCTION

In recent years there have been many studies of 
the properties of high spin states in nuclei in the 
A = 60-80 region. As a consequence of these in­
vestigations1»2 several interesting phenomena have 
been reported such as the observation of decoupled 
bands and the coexistence of spherical and de­
formed shapes. A general feature of this region 
is  the predominant role played by th e g 9/2 orbit in 
the structure of high spin states.

For those moderately deformed nuclei in this 
region the influence of the g 9/ 2 orbit gives rise to 
important Coriolis effects. In the particular case 
of doubly odd nuclei, one expects the yrast states 
to involve the ñg9/2® vg9/2 configuration. Such an 
intrinsic configuration in which both valence pro­
ton and neutron lie in the same orbit is  not usually 
encountered in other regions of the Periodic Table 
and therefore this case may provide a useful tool 
for the study of p-n  interactions.

The TTg9/2 ® vg9/2 configuration has been identi­
fied3 in 76Br. The 4+ member of the corresponding 
multiplet lies  lowest and becomes the head of a 
Coriolis distorted band which has been success­
fully described4 by a two-nonintereacting quasi­
particle plus rotor model. This calculation con­
firmed an earlier suspicion5 (based on the ob­
served parallelism between the first states of this 
band and those of the ground state band in 77Kr) 
that there is a common parentage for the pos­
itive parity states in 76Br and 77Kr and that the 
odd proton in the doubly odd nucleus remains con­
siderably inert for the lowest excitations. The 
agreement obtained with this model implies that

the p-n  interactions in this system are weak or at 
least that they do not significantly distort the pre­
dicted spectrum.

Another result of this calculation is the predic­
tion of the possible occurrence of a change of 
phase in the level staggering above the state whose 
spin value equals that corresponding to the maxi­
mum alignment of the proton and neutron, in this 
case 1 = 9. This prediction which has not been 
checked until now for 76Br, has been borne out in 
the case of 108In as pointed out in Ref. 6. Other 
results concerning this configuration have been ob­
tained for 78Br (Ref. 7) and 78Rb (Ref. 8) although 
in the latter case the character of the band head 
remains in doubt.

The nucleus 74Br is an interesting case for ex­
tending the study of these systematic features. 
Coban et a l .9 observed a 41.5 min activity in 74Br 
using the 63Cu(14N, 2w/>)74Br and 65Cu(12C, 3w)74Br 
reactions. From the subsequent decay into levels 
of 74Se they tentatively assigned 1= (4") to the 74Br 
parent state. Most of the information about 74Br 
available to date refers to low-spin states.

The ground state of 74Br was found to have 
/=  (0,1") and a half-life of 25.3 min from the decay 
studies of 74Kr to levels of 74Br (Ref. 10) and from 
74Se(/>,w)74Br reaction studies (Ref. 11).

The 41.5 min activity observed by Coban et a l .9 
was shown11 to correspond to an isomeric state 
with an energy between 135 and 255 keV above the 
ground state. Recently Piercey et a l. ,12 bombard­
ing 60Ni with 46 MeV ieO, reported a band struc­
ture tentatively assigned to decay into the (4“) iso ­
mer of 74Br. Preliminary results of the present 
work can be found in Ref. 13.
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II. EXPERIMENTAL PROCEDURE AND RESULTS

The decay of high spin states in 74Br was studied 
using the reaction 60Ni(16O,w/>)74Br produced with 
an ieO beam from the Brookhaven National Labora­
tory Tandem accelerator at energies between 40 to 
55 MeV. To stop the recoiling nucleus, thick en­
riched Ni foils (3 m g/cm 2) were used. The spectra 
were obtained with two Ge(Li) detectors at 90° with 
respect to the beam axis. Figure 1 shows a sin­
gles spectrum at 50 MeV beam energy in which the 
origins of the strongest peaks are indicated. 
Robinson et a l. , lA in their study of the 
60Ni(16O,xpynzd)  cross sections between 38-46  
MeV energy, showed that the strongest channels 
were np and 2p and, to a lesser  extent, ap, 2pn,
2w, and an.  The high spin study of 60Ni(16O, 2p)14Se 
(Ref. 15) established that the cascade of 967.0,
868.2, 728.4, and 634.8 keV transitions form the 
main path of deexcitation for 74Se. From the in­

tensity of the 967.0 keV y  ray the relative cross  
section for the 2p channel can be obtained. A 
large part of the intensity of the two lowest mem­
bers of the cascade, the 782.4 and 634.8 keV tran­
sitions, come from the 74Br decay populated in 
this reaction. The relative cross sections of the 
otp and 2pn reaction channels are proportional to 
the strengths of the 147.6 and 125.6 keV lines (see 
Fig. 1), the strongest transitions in 71 As (Ref. 16) 
and 73Se (Refs. 17,18), respectively. A 455.6 keV 
y  ray, corresponding to the 2w reaction, leading 
to levels of 74Kr (Ref. 19) is  observed with a 
smaller cross section. The Ta x rays in Fig. 1 
come from stray radiation hitting the target hold­
er. Finally there are several strong additional 
transitions (e.g., 188.5, 194.9, and 72.0 keV), 
some of which have been tentatively12 identified 
with transitions in 74Br. In order to establish their 
origin coincidence and decay measurements, de­
scribed in the following sections, were performed.

FIG. 1. Singles gamma-ray spectrum from the 60Ni(16O, X ) reaction at 50 MeV beam energy. Several reaction chan­
nels are labeled. Arrows show the transitions originating from the decay of the nuclei indicated. The le tters  stands 
for unidentified lin es .
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A. Coincidence and angular distribution results

The y-ray coincidence run was performed at 50 
MeV beam energy using a pair of Ge(Li) detectors 
at a distance of 8 cm and at 90° with respect to the 
beam axis. The data were collected in the event 
by event mode. After analyzing the gated spectra, 
three groups of y rays were found. These groups 
from now on will be identified by the energies of 
the strongest transitions feeding the lowest states, 
namely 188.5, 72.0, and 62.7 keV.

The coincidence results for each group of y rays 
are shown in Tables I, II, and III for the three 
cascades. These tables report the experimental 
intensities of the transitions observed in each gate

and, in parentheses, the expected intensities as­
suming the level scheme shown in Fig. 2. A search 
for intergroup transitions proved unsuccessful. 
Some of the gated spectra are shown in Fig. 3.

The y-ray angular distributions were measured 
at 50 MeV beam energy using a cylindrical cham­
ber and a pair of detectors at a distance of 15 cm 
from the target. One of the detectors was held 
fixed for normalization purposes. The measure­
ment angles were 90°, 105°, 120°, 140°, and 160°. 
The resulting A 2 and A4 coefficients for the angular 
distribution measurements, together with the in­
tensities of the y transitions, are shown in Table 
IV. The level scheme will be discussed in Sec.
HI.

FIG. 2. Level scheme for 74Br. Three independent groups of y  rays, identified by the energies of the strongest 
transitions feeding the lowest state, namely 188.5, 72.0, and 62.7 keV are shown. The energies of the lowest states 
for the 188.5 and 72.0 keV group is uncertain and are indicated by X(^200 keV) and Y (< 30 keV), respectively. The 
assignment of the 62.7 keV group to 74Br is not entirely conclusive. For the intensity of the 128.2 keV doublet see  
Tables in  and IV.
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B. Decay measurement
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The isotopic identification was primarily per­
formed studying the r-ray intensity balance for 
each reaction channel from in-beam and off-beam  
measurements. For this purpose a singles spec­
trum was collected for 3 h while a 60Ni target was 
irradiated with a 40 MeV 160  beam. In the same 
experimental conditions and immediately after the 
irradiation stopped, singles were accumulated for 
intervals of 9 min during a period of 200 min to 
study the half-life of the y rays. During the first 
15 min, the intervals were sm aller in order to 
study shorter half-lives.

1. The 74Br decay

The 74Br decay to levels of 74Se has been studied 
by Coban et a l 9 Their source was produced by the 
63Cu(14N, 2pn) and 65Cu(12C, 3n) reactions and a half­
life of (41.5 ±1.5) min for the 1= (4") state of 74Br 
was measured. From the decay study of 74Kr (Ref. 
10) to levels of 74Br a state of (25.3 ±0.3) min and 
I = (0,1") was established. Both decays populate 
the 74Se level deexcited by the 2+-~ 0+ 634.6 keV 
transition but the 41.5 min decay also populates 
the level deexcited by the 4+-^2+ 728.6 keV transi­
tion. Lueders et al.11 analyzed the excitation func­
tions of the 74Se(/>,w)74Br reaction and determined 
that the 25.3 min activity is  from the ground state 
and the 41.5 min activity is  from an isom eric state 
lying between 135 and 255 keV energy.

The decay curves, obtained in this work for the
634.6 and 728.6 keV transitions are shown in Fig.
4. Fitting the data points for the 728.6 keV y  ray 
with a single exponential function, a half-life of 
(49.5± 1) min was found, differing from the value 
of 41.5 m reported by Coban et a l .9 On the other 
hand, when the data for the 634.6 keV transition 
are fitted with a single exponential function, a 
half-life of (43 ±2) min is  obtained. However, a s­
suming a composite decay curve having a 49.5 min 
component we find the other component to be (26 
±3) min which is  compatible with the half-life of 
the 74Br ground state. The latter contributes 22% 
of the total decay intensity.

From this it can be concluded that both the 
ground and isom eric states of 74Br were populated 
in this reaction. The resulting discrepancy with 
regard to the half-life obtained by Coban et a l.9 
may be explained by taking into account that while 
sim ilar reactions were used in both their and our 
work, they did not know of the existence of the 
ground state 25.3 min decay and thus its contribu­
tion to the intensity of the 634.6 keV line was not 
taken into account.

Therefore the logf t  study9 that assigned I = (4") 
to the isom eric state of 74Br needs to be corrected



TABLE II. Relative coincidence intensities for the 72.0 keV group. For explanation see Table I.

72.0 114.5 116.3 134.5 169.2 188.3 195.8 222.6 249.0 283.7 285.7 357.5 417.8 504.3
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72.0

114.5

116.3

169.2

188.3

283.7

10

(6)

37
(37)

15
(16)

10

(12)

33
(43)

4
(5)

4
(5)

38
(23)

3
(2)

13
(12)

1
(2)

1
(1)

2
(2)

1
(1)
2
(1)

3
(2)

9
(16)

11
(7)

23
(16)

13
(8)

8

(6)

3
(2)

13
(8)

1
(1)

1
(1)

a
(1)

3
(7)

(7)

5
(3)

W
(3)

2
(2)

5
(3)
1
(1)

5
(12)

11
(12)

(6)

6
(5)

3
(1)

W
(0.3)

1
(3)

4
(3)

3
(1)

1
(2)

2
(1)

2
(2)

W
(1)
1
(1)

2
(3)

a Transition intensity obscured by the 194.9 keV line in coincidence with the 188.5 keV line.

to take into account the 25.3 min component in the 
decay. Nevertheless, the strong feeding of the 4*
-* 2* 728.5 keV transition of 74Se observed in the 
decay of the 49.5 min isom eric state still supports 
the assignment of /=  (4) for this state.

2. Isotopic identification

Relative cross sections for the different reaction 
channels (c^) were deduced from a 3 h prompt y- 
ray singles spectrum at 40 MeV beam energy. 
Similar quantities (ad) were inferred through the 
decay measurement taken in the same experiment­
al condition immediately after the in-beam mea­
surement. Both quantities should be comparable 
except for unobserved side feeding into the ground 
or isomeric state of the parent nucleus which would 
yield vd larger than up. Since at this energy only 
the reaction channels involving two and three out­

going particles are important14 the analysis was 
limited to these reactions. The relative cross 
sections ap and ud were normalized to the sum of 
the intensities of the 188.5 and 383.3 keV transi­
tions that was set equal to 100. In the following, 
a brief discussion is given on how the values of up 
and ud were obtained for each reaction channel.

(16 0 ,2p)74Se. The high spin states of 74Se are 
well known15 and the transitions of the ground state 
band are clearly seen in the prompt spectra. The 
three lower states of this cascade, the 634.6,
1363.2, and 2231.4 keV levels, were also popu­
lated in the decay of the 25.3 and 49.5 min states 
of 74Br during the 3 h measurement. An estimate 
of the direct population can be obtained from the 
intensity of the upper (967.3 keV) transition in the 
cascade, that is  not influenced by the 74Br decay, 
assuming that the relative y-ray intensities re­
ported in the 64Ni(12C, 2w)74Se reaction work15 are

TABLE III. Relative coincidence intensities for the 62.7 keV group. The intensity for 
each member of the 128.2 keV doublet was estimated from intensity balance arguments to be 
8 for the transition depopulating the 329.5 keV level and in turn the other one is 10. The 
error of this estimation is 30%. For further explanation see Table I.

\ * r
G ate\

62.7 128.2 179.1 191.2 213.4 257.0 277.0 307.5 392.2 490.3

62.7 17 5 3 1 W 2 2 W
(17) (4.5) (4.5) (1) (0.9) (3) (3) (1)

lOQ O 17 16 7 2 6 1 W 3 3í¿! O (17) (16) (8) (1) (7) (1.6) (2.7) (5) (2)

1 7Q 1 5 8 0.7 3 W Wi. ( if ,-L
(5) (8) (0.5) (3) (0.4) (0.6)

213.4 3 6 2 W 0.8 1.7 1
(4) (7) (3) (0.5) (0.3) (0.6) (2)
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FIG. 3. Coincidence spectra with gates set on the 188.5+ 188.3 keV doublet, 383.3 and 429.0 keV transitions. Lines 
indicated by circles are due to improper subtraction of baekscattering intensity in the gates.

comparable to the 60Ni(160,2^>)74Se reaction. An­
other independent estimate can be obtained by cal­
culating how much of the total intensity of the
634.6 keV transition observed in the prompt spec­
trum belongs to the decay of 74Br. Such an esti­
mate can be deduced from the off-beam spectrum  
of Fig. 4. Both results agree within experimental 
errors and a value of ap(2p) = 40± 4 is  obtained.

(160,np)74Br. Different cascades of y rays may 
be assigned to 74Br (see discussion below). These 
are labeled by the strongest y - ray transitions to 
the lowest states: 188.5, 72.0, and 62.7 keV.
From the total intensity populating the lowest 
states, values of vp(np, 188.5) = 100±5, vp(np,72.0) 
= 80±4, and vp(np,62.7) = 14±1 were obtained.

The total population of the ground and isom eric 
states of 74Br could be calculated from the decay 
study of the 634.6 keV transition and using the 
available information on the 74Br decay scheme. 
The decay of the 25.3 min ground state of the 74Br 
is  wellknown20 and a value of vd(np, 25.3 min) = 120 
±15 has been obtained. The decay scheme of the
49.5 min isomeric state of 74Br is  not well known. 
However, by use of the information available from 
the 41.5 and 25.3 min decay studies9»20 the absolute 
y-ray intensity for the 634.6 keV transition and 
therefore (^(«£,49.5 min) = 240±90 were deter­
mined.

(160,2n)74K r . Nolte et a l ,19 established the high 
spin scheme for 74Kr and from the intensity of the



2030 G.  G A R C I A  B E R M U D E Z  e t  a l . 23

TABLE IV. Energies, intensities, and angular dis­
tribution coefficients of y  rays assigned to the 60Ni(16O, 
np)u Br reaction at 50 MeV energy. The errors in the 
last numerals are given in parentheses.

Er(± 0.3) 
(keV) I a a 2 A 4

62.7 11 —0.13(6) -0.08(9)
72.0 48 0.02(4) -0.08(8)
89.7 5C
90.8 2C

114.5 9b
116.3 37 -0.56(5) -0.02(8)
128.2 18d -0.22(4) -0.03(6)
134.5 3
150.1 3C
156.5 11 -0.46(6) 0.02(9)
169.2 24 -0.43(3) 0.09(4)
179.1 5
188.3 18b
188.5 100 -0.43(2) 0.02(3)

191.2 1
194.9 63 -0.52(2) -0 .01  (3)
195.8 2b
213.4 5
222.6 10b
249.0 4b
257.0 1
272.8 26 -0.63(8) 0.08(10)
277.0 l b
283.7 18 -0.24(8) -0.06(10)
285.7 5 0.31(10) -0.26(15)
291.5 1 -0.2(2) 0.2(4)
307.5 3
347.7 14 -0.47(3) -0.01(4)
357.5 l b
383.3 25 0.27(4) -0.07(6)
392.2 3
407.6 3 -0.8(3) 0.4(4)
417.8 4b
429.0 19b
467.4 8 0.21(8) -0.1(1)
486.0 2
490.3 l b
504.2 2b
504.3 4b
527.3 3 -0.8(4) -0.1(6)
600.2 6
800.4 4 0.35(10) -0.1(1)
815.0 l b
818.2 3
834.1 13 0.35(6) -0.20(12)
893.0 2

a The intensities are normalized to the 188.5 keV 
transition. The errors are 5% for the strongest peak 
and 40% for the weaker ones.

b The intensities are estimated from the coincidence 
results. The errors are 30%.

c Intensity obtained from the coincidence experiment 
after subtracting the contribution of the 74Kr decay. 

d Doublet.

455.6 keV transition a value of <r¿(2rc) = 4.0±0.5 was 
obtained. The 11.5 min decay of 74Kr to levels of 
74Br is  well known from the work of Schmeing e t  
a l .10 From the measurement of the decay of 89.7 
keV transition a crd(2n) = 30 ± 10 was established.

(160 ,a p ) 7iA s . The S9Ga(a, 2n) reaction was used 
by Heits e t al.16 to study the decay scheme of 71 As. 
From the intensity of the 1000.8 keV transition a 
relative cross section of ap(otp) = 30±2 was found. 
Due to the long half-life of 71 As (61 h) it is diffi­
cult to obtain a value for ad(oip).

( 160,otn)71Se. crp(otn) is  not evaluated because 
there is  no high spin data available. A od(an) = 6 
±1 results from the analysis of the 147.2 keV 
transition characteristic of the 4.9 min decay of 
71Se (Ref. 21) to levels of 71 As.

(160, 3n)73K r  and (160,2np)73Br. Only the ground 
state decay of 73Kr and 73Br nuclei are known.21 
In the decay measurements the 178.1 and 125.5 
keV transitions which deexcite levels of 73Br and 
73Se, respectively, were not observed. Therefore 
an upper limit for the relative cross section of 
atf(3w)<l and ad (2np)< 10, respectively, were ob­
tained.

(160,2pn)73Se and (160, 3p)73A s . The high spin 
states of 73Se (Refs. 17 and 18) and 73As (Ref. 16) 
are well established. The characteristic y rays of
125.6 keV (73Se) and 361.0 keV (73As) could not be 
seen in the prompt spectra and an upper limit of 
vp{2pn)<' 6 and ap(3p)<4 was obtained for the rela­
tive cross sections.

( ieO,a2n/°Se and (iS0 ,a n p f°A s .  The nonob­
servation in the prompt spectrum of the 945.8 keV 
transition assigned to 70Se from previous work22

FIG. 4. Decay curves for the 728.6 and 634.6 keV 
transition, originating from the decay of 74Br to levels 
in 74Se. The inset shows a partial decay of 74Br to clari­
fy the following description. Fitting the 728.6 keV data 
with a single exponential gives a half-life of 49.5 min. 
The curve labeled B shows the results of fitting the 
634.6 keV data with a sum of two exponentials in which 
one half-life was set equal to 49.5 min. Curves C and 
D represent each term of this sum.
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allowed us to set an upper limit for the cross sec ­
tion of cr/>(a2«)<4. The 426.2 keV transition that 
deexcites a level of 70As populated by the 4.1 min 
decay of 70Se was not seen in the decay measure­
ment and, therefore, an upper limit of ad{ot2n)< 8 
was established. The high spin states of 70As have 
been studied using the 80Ni(12C,n/>)70As reaction,23 
and the 81.3 keV y  ray has been assigned as one of 
the strong transitions in the decay scheme. Since 
this transition was not observed in the in-beam  
experiments, a value of vp(<xnp)<8 was set. The
1039.6 keV y  ray is  a characteristic transition 
that deexcites the first excited state of 70Ge popu­
lated by the 53 min decay of 70As. From the in­
tensity of this y ray in the off-beam spectrum, 
<ra(&np)= 6±1 was established.

( lsOf ot2p/°Ge. Morand et a l .24 investigated the 
high spin structure of 70Ge via the 68Zn(a, 2w)?0Ge 
reaction and because we do not observe the 1039.6 
keV ground state transition an upper limit of 
<rp(oi2p)<4i could be established.

A summary of the relative partial cross section 
discussed above is shown in Table V. From the 
intensity balance between vp and od and the infor­
mation about high-spin states of some of the pro­
duct nuclei relevant to this experiment, we can 
conclude that at least the strongest cascades, 
namely the 188.5 and 72.0 keV cascades, corre­
spond to excited states of 74Br. Each of these cas­
cades could, in principle, populate either the iso ­
meric state or the ground state of 74Br. The data 
of Table V show that the relative cross section for 
the 72.0 and 188.5 keV cascades are a^(w/>,72.0)
= 80±4 and <rp(np, 188.5) = 100± 5, respectively.
The isom eric state of 74Br has a cross section of 
crd(np, 49.5 min) = 240 ±90 and therefore, it can be 
populated by both cascades simultaneously. This 
is  not the case for the ground state of 74Br, where 
the value of ad (np, 25.3 min) = 120 ± 15 allows only 
one of the previous cascades to populate this level. 
This uncertainty can be removed when one con­
siders the results of the excitation function re­
ported in the next section.

C. Excitation functions

In the last section it was determined that the
188.5 and 72.0 keV cascades comprised excited 
states of 74Br. From excitation function measure­
ments, information can be obtained to elucidate 
whether these cascades feed either the isomeric 
or the ground state of 74Br. Singles spectra for 
periods of 15 min at 40, 45, 50, and 55 MeV beam 
energy were collected. After normalizing the peak 
areas with respect to the intensity of the 194.9 
keV transition, the relative excitation functions 
shown in Fig. 5 were obtained. The choice of the

TABLE V. Summary of relative partial cross sections 
from the 60Ni+4O MeV ieO reaction. Results from the 
prompt and decay experiment are labeled by op and ad, 
respectively. For details see text.

Relative partial
Outgoing Residual cross section
particles nucleus °d

2n 74 Kr 4 ±0.5 30 ±10
np MBrm 100 ±5a 240±90

74Br 80±4b 
14 ± l c 120 ±15

2p 74Se 40 ±4
an 71Se 6 ±1
ap 71 As 30 ±2
3n 73Kr <1
2np 73Br <10
2\pn 73Se <6
3p 73As <4
a2n 70Se <4 <8
otnp 70As <8 6 ±1
a2p 70Ge <4

a The 188.5 keV group normalized to 100. 
b The 72.0 keV group. 
c The 62.7 keV group.

normalizing transitions is arbitrary as the object 
is  to compare the relative yields of the excitation 
functions. The 194.9, 272.8, and 156.5 keV tran­
sitions deexcite levels of increasing energy in the
188.5 keV cascade (see Fig. 2). It is  to be ex­
pected that the population of states with higher en­
ergies and spins is  favored at higher beam ener­
gies (see Fig. 5). The 89.7 keV transition is a 
well known y ray feeding the ground state of 74Br 
from the decay of 74Kr (Ref. 10) and it is also pro­
duced by the 60Ni(18O,w/>)74Br reaction. Studying 
the excitation function of this y ray with short 
bombardments and correcting for the 74Kr decay 
we obtain the yield of direct production of 74Br in 
its ground state shown in Fig. 5. The intensity of 
the 72.0 keV cascade decreases compared to the 
intensity of the 188.5 keV at increasing beam en­
ergy and shows a sim ilar behavior as the known 
89.7 keV transition that populates the ground state 
of 74Br. This observation together with the above 
mentioned cross-section arguments indicate that 
the 72.0 keV cascade populates the ground or a low 
lying state and therefore that the 188.5 keV cas­
cade populates the isom eric state of 74Br. The 
weaker 62.7 keV cascade shows a sim ilar excita­
tion function as the 89.7 keV transition. This fact 
together with the existence of a transition of the 
same energy in the decay of 74Kr depopulating a
72.6 keV 74Br level strongly indicates that the 62.7 
keV cascade populates the 9.85 keV level in 74Br.
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BEAM ENERGY(MeV)
FIG. 5. Excitation function of 74Br transitions between 

40 and 55 MeV energy.

in. THE LEVEL SCHEME

As mentioned above, three y-ray groups have 
been identified as corresponding to the decay of 
excited states in 74Br. These are shown in Fig. 2. 
A discussion of the properties of each one follows.

A. The 188.5 keV group

This is  the strongest group and its band head is  
identified with the 49.5 min /=  (4) isom er on the 
basis of the excitation functions of the y rays be­
longing to this group. This assignment agrees with 
that proposed by Piercey et a l.12

The parity of the band head had been tentatively 
given as negative.9 However, because of the life­
time measurements discussed above, this assign­
ment appears not to be justified. Thus, no parity 
is proposed for this state or for the upper ones.

The angular distribution data of both direct and 
crossover transitions make it possible to estab­
lish the indicated spins of most of the excited 
states rather unambiguously. The results of the 
present work do not allow a better determination

of the band head excitation energy than that 
achieved before.11

Only a few differences exist with the scheme 
proposed by Piercey et a l } 2 regarding this group 
of y rays. We do not observe a 1106.9 keV transi­
tion which feeds, in the scheme of Piercey et a l ., 
the /=  (10) state at 1646.2 +X  keV. On the other 
hand, we observe the 600.2 keV transition from a 
level proposed at 788.7 +X  keV, and the 527.3 and
291.5 keV from the 1183.5+X and 1474.6+X keV 
states, respectively. Furthermore, in the pres­
ent work the 188.5, 429.0, and 504.2 keV y lines 
are identified as doublets so that the intensities of 
the corresponding y rays belonging to this group, 
as determined from the coincidence data, are 
smaller than hitherto thought.12

B. The 72.0 keV group

Although the total intensity feeding the band head 
is such that this group could also be placed on top 
of the /=  (4) isom er together with the 188.5 keV 
cascade, the corresponding excitation functions 
suggest that it populates low lying low spin states. 
There is a 72.6 keV state known10 in 74Br. How­
ever, the first excited level of this group cannot 
be identified with that state because the observed 
intensity of the 72.0 keV line is  incompatible with 
the reported10 branching ratio with the 62.7 keV 
transition. On the other hand, an inspection of the 
spectrum in coincidence with the 72.0 keV y ray 
shows that this group’s lowest state must lie less  
than 30 keV above the ground state.

It is  interesting to note that the weak 72.2 keV 
line previously reported to decay from the 72.6 
state, which is  mainly deexcited by the 62.8 keV 
transition, was placed only on the basis of its en­
ergy. Thus, it is  also possible that this line, 
which was weakly seen in the decay of 74Kr, actu­
ally corresponds to that seen in this work.

Therefore we conclude that in addition to the 
hitherto known state at 72.6 keV there is  another 
state lying no more than 30 keV above this energy. 
A tentative assignment of 0 or 1’ is  proposed for 
the lowest state of this group since if it were larg­
er the high spin isomer would have a faster decay 
path and if it were 1+ a strong feeding from the 
74Kr decay should be expected. The 72.0 keV y line 
is nearly isotropic. The same arguments given 
above apply in this case so th a t/T(72.0 + F) = (0 ,1‘).

The 116.3 keV y ray is clearly a Al= 1 transition 
because of its large negative anisotropy and small 
A 4 (see Table IV). Hence /'(188.3 + Y) = (1, 2). 
Likewise, the angular distributions of the remain­
ing y rays of this group allow us to propose the 
assignments indicated in Fig. 2. The negative par­
ity suggested for the spin 3 in the case of the level 
at 357.5 + Y keV stem s from the quadrupole char-
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acter of the 285.7 keV transition and the fact that 
the coincidence measurements limit the lifetime 
of that level to a few nsec.

C. The 62.7 keV group

The assignment of this group of y rays to 74Br is  
supported by the excitation functions, the lack of 
alternatives owing to its relative cross section 
(see Table V) and the available spectroscopic data 
on other product nuclei, and the identification of 
the strongest transition, the 62.7 keV line, with a 
previously known y ray in the decay of 74Kr. How­
ever, we regard this assignment as not entirely 
conclusive.

The indicated spins and parities are based on the 
same arguments used in the previous paragraph.

IV. DISCUSSION AND CONCLUSIONS

As mentioned in the Introduction one feature of 
74Br which was to be expected from the observa­
tions made in the heavier isotopes 76Br and 78Br 
is  the presence of states associated with the high 
spin intrinsic i¿f9/2® vgQ/ 2 configuration. Identifi­
cation of such states has not been achieved in this 
work but evidence supporting the hypothesis that 
the 188.5 keV group of y rays (Fig. 2) corresponds 
to a band based on that structure is obtained.
Figure 6 shows the available data concerning these 
states in the three isotopes. The behavior of the 
energy spacings is  gradual and it follows the 
change in deformation. As has already been dis­
cussed4*7 the effect of the sm aller deformation is  
to shrink the lowest % 9/ 2® vg 9/ 2 multiplet and ex­
pand the collective excitations above the 9 \  For 
larger deformation such as in 74Br, the spectrum  
gradually approaches the 1(1+1) lim it in which the 
level staggering disappears. Furthermore, the 
energies of the known 4* states in 76Br and 78Br 
lead one to expect that the analogous state in 74Br 
should lie within a few hundred keV above the 
ground state. These facts support therefore the 
possibility that the /=  (4) isomer and the band built 
on it corresponds to the structure under considera­
tion.

One additional property of the ñg9/ 2® vgQ/2 plus 
core system , which was pointed out in the Intro­
duction, is  the prediction4’6 that a change of phase 
in the level staggering should take place above the 
9+ state. As already stated, this prediction has 
not been checked until now for the Br isotopes 
since in 76Br no states above the 9+ have been 
identified while in 78Br the 9+ state remains to be 
observed. It is interesting to note that the assump­
tion of positive parity for the I = (4) band yield a 
remarkable confirmation of this prediction (see 
Fig. 6).

2.0

1.5

>0)
5
>
CD(T 1.0

0.5 -

0.0

( I I )  -

(10) -

(9)-

( 8 ) -

(7)-

(6 ) - 

(5)- 

(4)-

-(I0+)

(a)

8̂<+)
:^7 <+>
—  6 { + )

— 5 (+)
—  4 (+ ) -J

74 Br 76 Br 78 Br

FIG. 6. (a) Comparison of the partial decay scheme 
of 74Br with the Jrg$/2 <8>PgQ/2 structure found in 76,78Br 
(Refs. 5 and 7). The energies of the 1=4  states are set 
equal to zero, (b) A plot of the quantity (Er - EImm̂ /Z I  
for 76Br (solid line) and 74Br (dashed line) assuming 
1 = 4 for the band head of the 188.5 keV group. For a 
rigid rotor this quantity assumes a constant value of 
fi2/26. The figure shows a remarkable parallelism  be­
tween 76Br and 74Br as regards the deviations from the 
/ ( /  + 1) law and also indicates that a change of phase in 
the level staggering occurs at 7=9.

In summary, the main results of the present 
work are presented below.

(a) Observation of 74Br states not seen (with only 
three exceptions) in the radioactive decay10 of 74Kr 
with probable spin values ranging up to 1= (11), 
constituting three essentially independent groups 
of y rays.

(b) Confirmation of previous tentative assign­
ments12 concerning the group of y rays feeding the 
high spin isom er.
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(c) Determination of a half-life of 49.5 min for 
the high spin isom er which is at variance with an 
earlier reported value9 of 41.5 min. The interpre­
tation of this discrepancy leads to the conclusion 
that the previous tentatively proposed negative par­
ity assignment for this isomer is not justified.

(d) A search for intergroup transitions, mainly 
undertaken with the purpose of establishing the 
energy of the isom er, proved unsuccessful.

(e) The observation of sim ilarities with recently 
reported bands built on a 4+ isomer in both 76Br 
and 78Br suggest that part of the group of y rays 
feeding the /  = (4) isomer in 74Br constitutes the 
analogous band in this nucleus. In this case, this 
band would correspond to the positive parity 7r̂ 9/ 2 
®vg9/2 structure according to a description suc­
cessfully applied in the case of 76Br.

(f) A change of phase in the level staggering 
above the 1= (9) state is observed. If the identifi­

cation of this state with the 9+ member of the vg9/ 2 
® v&9/ 2 band is  correct, this change of phase pro­
vides the first direct confirmation of the occur­
rence of this phenomena in the Br isotopes as 
earlier predicted.

Note added: We have learned of results of L. 
Funke et al. [.Future Directions in Studies of 
Nuclei fa r  from Stability edited by J. H. Hamilton 
e ta l .  (North-Holland, New York, 1980), p. 23l] 
who have established the 188.5 keV and 72.0 keV 
groups in 74Br by cross bombardment. Their re­
sults are in agreement with those presented here.
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