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THE HYPERFINE STRUCTURE AND NUCLEAR MOMENTS 
OF 17-HR BROMINE-76 

.j Edgar Lipworth, Thomas M. Green, 
Hugh L. Garvin, and William A. Nierenberg 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

December 17, 1959 

ABSTRACT 

The nuclear spin, the nuclear magnetic-dipole interaction 

constant a, and the nuclear electric-quadrupole interaction constant b, have 

been determined for 17-hr bromine-76 by an atomic-beam experiment. The 

results are: 

1=1 

Ij = 345.422±.014 Mc/sec 

314.329±.022 'Mc/sec 

.9iOO±OOL. 

The nuclear magnetic-dipole and electric-quadrupole moments are calculated 

to be, respectively, 

= ±O.5479±,0001 nuclear magnetic 
and 

+0.27±.01 barns. 

The sign of i, though not determined, is probably negative. 

The hyperfine structure separations are 

and 
	 v (5/2, 3/2) = 1256.47*.0 Mc/sec 

v (1/2, 3/2) = 189. 11±05 Mc/sec. 

The hyperfine structure is of particular interest because the F1/2 and 

3/2 levels are inverted and not in normal order. This inversion is the first 

case of its kind established in an atomic-beam experiment. 
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THE HYPERFINE STRUCTURE AND NUCEAR MOMENTS 
OF 17-HR BROMINE-76 

Edgar Lipworth, Thomas M. Green, 	• 
Hugh L. Garvin, and William A. Nierenberg' 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

December 17, 1959 

INTRODUCTION 

The nuclear spin and hyperfine energy-level separations in 

17-hr Br 
76 have been measured by the atomic-beam method. From these 

measurements the nuclear magnetic-dipole and electric-quadrupole moments 

of Br 
76 have been calculated. The results are of interest for two reasons: 

(a) The ratio b/a of the electric-quadrupole n:d...iagnetic-dipole interaction 

constants is of such a magnitude and sign as to produce an inversion of two 

hyperfine levels. This inversion, which permits observation of an additional 

transition not normally visible in an atomic-beam flop-in experiment, is the 

first of its type explicitly recognized. 1  (b) The nucleus of Br 6  contains the 

same number of neutrons as Se 75 , which is known to possess an anomalously 

large nuclear electric-quadrupole moment. The measurement of similar 

large quadrupole moments in this region of the periodic table might perhaps 

confirm the existence here of collective effects of nuclear motion. 

* 
• This work was done under the auspices of the U. S. Atomic Energy Commission. 

tAt present in the Miller Institute for Basic Research in Science, University 
of California, Berkeley, California. 
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THEORY 

The nuclear spin ofBr 6  ione., Thre is, therefore, no 

interaction between the nucleus and the field generated by the surrounding 

electrons of order greater than the electric-quadrupole interaction. The 

complete Hamiltonian of the interaction (neglecting only small perturbations 

from other configurations) can therefore be written as 

aI.J+bQ. 	 (1) 
op 

Here a and b are the nuclear magnetic-dipole and electric -quadrupole 

interaction constants, I is the nuclear spin, J is the electr:onic angular 

momentum, and Q is given by 	. 	 . 
op 

• 	: 3(I.J) +312(I.) - 1(1+1) J(J+1) 	• 	•• 	 (2) 
op - 	ZI(2l-1)J(2J-i) 

• 	 • 	 .••• 	 • 	 . 	 • 	 . 

In the absence of an applied magnetic field, F = I+J is a constant of the motion 

where IFl = F(F+l) Yi. The quantum numbers F, and MF  the projection of 

F in units of along an axis of quantization, are constants of the motion, and 
• 	 •. 	 • 	 . 	 : 	 . 	 • 

in a representation in which (F) and MF  are taken diagonal, (I.J) and Q op 

are diagonal matrices. In this representation, the solution of Eq. (1) can be 

written 

(W/a)F = C 1 (F) + C 2 (F) (/), 	.: 	 (3) 

where C 1 (F) and C 2 (F) are constants depending only upon F for a given I and J. 

The energy (in units of a) of a given hyperfine level characterized by total-

angular -momentum quantum number F is (W/a)F.  It is clear from the form 

of Eq. (3) that a plot of (W/a)F  versus b/a will be a straight line which will 
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in general have a different slope, for each value of F. . A plot of (W/aF.  is 

shown in Fig. 1 for values of land J appropriate to Br 6  (i.e. 1 and 3/2, 

respectively). For vanishing qua.drupole moment, we have b :-,= 10 j I and 

the hyperfine levels are in normal order and the separation between. F levels 

satisfies. the well-known Lan4'  interval rule. If b/a isless than -2 or greater 

than 2/3, the.levels are no longer in normal order and an inversion,will.be 

said to exist. It is necessary for, present purposes to investigate the 

consequences of b/a lying betw.een 2/3 and 4. First we remark that if th 

hyperfine levels are in normal order there are only two transitions observable 

in an atomic-beams flop-in experiment on an isotope with .1 = 1 and J = 3/2. 

These transitions are labeled a. and f3 in Fig. 2a. If, however, the 

F = 1/2 and F = 3/2 level's are inverted, the level diagram must be drawn as 

in Fig. 2b, and it will be seen that an additional transition labeled (y),  is now 

observable. This is the case for 2/3<b/a<4. 

At low values of the applied magnetic field (i. e. in the linear 

Zeeman region) the frequency of any of the above three transitions is given by 

the expression v = 	'( 1.0H)/h, where H is the magnetic field, 0 'is th'ei 

Bohr'magneton, h is Planck's constant, and g is defined by 

g F 
 gj F(F+1) + J(J+l) - 1(1+1) 	

4 
2F(F+1)  

In this expression for g 	 a small term in g 1', the nucle.ar  g factor, has been 

neglected; Theelectronic g .rf ac tor  is' g•  

• . 	. 	• In order to determine the nuclear spin of an isotope, resonances 

are sought at two or three known magnetic fields in the linear Zeeman region. 

The resonance frequency and its slope against the magnetic field uniquely 

determine both F and I except for 1 = o, in practice, one observes as many 
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flop-in resonances as are permitted by the lèvel ordering and angular- 

4 
mOmentum values of the system. 

As the magnetic field is increased to a point where the inter-

action of the electronic magnetic moment with the field is no longer negligible 

compared with the interaction between the nuclear, and electronic magnetic 

moments (i.e. gi0 J.H "I.J), the transition frequency v does not remain 

a linear function of H and must be calculated by solving the complete 

Hamiltonian of the system with the field applied. This Hamiltonian is 

3C 	aI.J+ bQ0  - gJ0 .H-g1 L 0 .H. 	 (5) 

An I. B. M. 650 computer has been programmed to solve this Hamiltonian. 

Two programs have been developed, one which calculates the energy levels 

as a function of H for given values of a and b, the other which calculates 

the best values of a and b from the experimental resonance data. The 

second program calculates the best values of a and b for both signs of the 

nuclear moment and tests the goodness of fit by the y, test of significance. 

These programs and the way they are used for the determination of hyperfine 

interaction constants have been described in detail elsewhere. 	In the present 

case, both a and P resonances were observed at increasing values of magnetic 

field under the assumption of normal ordering of the F levels. It soon became 

apparent that a consistent fit to the data could not be obtained under the as-i 

sumption of normal ordering, and a level inversion was suspected. It will be 

noted from Fig. Zb that the MF  values that go with the levels of the P tran-

sition are different depending on whether or not there is an inversion. Since 

these MF values are part of the input data to the programs, the results were 

processed by using the MF  values appropriate to the inversion of Fig. Zb, 
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- 	and a consistent fit to the data was obtained. In addition, the fiel4  dependence 

ofthe resonances was checked by pertur'baticn-theor)calculatiQnsf The pre-

dicted third resonance (y)was subsequently observed.. 

EXPERIMENTAL 

Bromine-76 is produced from arsenic by the reaction As 75 

(a, 3n) Br 6 : Astlier:eis only one stable isotope of arsenic, little undesired 

activity is produced. The 77-hr Br 77  produced by the (a., Zn) reaction has 

been observed but has in no way intrfered with the measurements on: Br 6 . 

The a-partidle beam of the Berkeley 60-in. cyclotronisusèd at full energy 

at a current of about 20 microámperes,, and approximately 70 mIcroampere-

hours of irradiation yields sufficient activity for several hours of operation. 

The target is preparedby placing about 2 grams of ärsehic powder in a 

depression stamped in a 0.010-in, aluminum plate; two 0.001-in, aluminum 

foils are placed over the powder, and the whole assembly is clamped in an 

aluminum target block. During irradiation the plate containing the powder 

is water-cooled, while the front foil is exposed to a helium atmosphere both 

for cooling and to prevent possible leakage of material into the cyclotron 

vacuum chamber. 

The bromine is separated éhèmically from the arsenic by means 

of the apparatus shown in Fig. 3. Dryhelium is passed contiiizsly from 

left to right and the oven vial cooled with liquid nitrogen. The arsenic and 

the requisite amount of carrier bromine (in the fprrn of KBr powder) is 

placed in the reaction vessel, and concentrated sulfuric acid and hydrogen 

peroxide are added. The.bromine passes over the P 
2  0  5 

 drying agent and 

condenses in the oyen vial. The vi3l is allowed to stand open for a few 
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minutes in ice water to allow condensed reacti:on products other than bromine 

to escape and is then cooledinliquid nitrogeh again and transferred to the 

atomic-beam apparatus. The bromine is allowed to effuse at room temperature 

through a leak of the type described by Gordon 6  into the discharge tube shown 

in Fig. 4. This discharge tube is similar to one described previously but in 

the present design the tube is more easily replacecf.
17)  Electrical contact is 

made by. nickel spring leads which contact, nickel foils wrapped and spot 

welded around.the tube.. The quartz tube under the foils is painted with 

Aquadagto increase capacitative coupling to the discharge. 

The beam is collected on buttons coated with evaporated silver 

and detected by couiting the decay p-particles from Br 6  in small-volume 

continuous-flow methane beta counters. Observations were made by using a 

full-beam counting rate of about 75 counts per minute per minute of exposure; 

resonance buttons were usually exposed for 5 mm. The liquid bromine con- 

sumption was approximately 0.3 cc/hr when a leak with an "apparent diameter" 6  

of 2.3 microns was used. 	. 

The atomic-beam machine used in this experiment has been 

described elsewhere. 7 . The homogeneous transition field(C field) is calibrated 

with an alkali reference beam and a surface-ionization detector. Cesium and 

potassium beams were used interchangeably for this purpose. At low magnetic 

fields, the potassium resonance half width at optimum rf power was about 

100 kc. 
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RESU LTS 

Initial exposures made at low magnetic field established the 

nuclear spin to be, one. High-counting buttons were obtained at frequencies 

corresponding to the (a) and (3) transitions, and two resonances were observed 

in detail at a field of 2.86 gauss (1 Mc/sec Cs).. Decay plots of both full-beam 

and resonari'b'tttons showed negligible contamination by other activities, and 

76 	.  
the observed half lif,e of Br 	agreed within statistics with previously published 

values (17.2 hrs 8  and 17.5 hrs)9 . 	. 

Subsequently,, the a. and transitions were observed at several 

values of magnetic field ranging as high as 265.7 gauss for the a resonance 

and 27.6 gauss. for the 3 resonance.. Representative a and 1 resonanc.es.ar.e 

shown in Figs. 5'and 6 observed at 111.0 and 17.1 gauss, respectively. 

When a level inversion was suspected, a search was made for 

the flop-in transition in the F = 1/2 state, designated as gamma Gamma 

transitions w..re observed at 1.4, 6.9, 13.4, and 28.4 gauss, exhibiting in 

each case a broad line as expe.cted from the very high 
gF 

value of 2.22. A ,  

representative gamma resonance observed at 6.9 gauss is shown in Fig. 7. 

The least-square& I. B. M. routine resulted in a consistent fit to the data with 

a b/a value Of 0.9. By the use of frequency predictions based on this value of 

b/a, observations of the 3 transition were carried up to 64.6 gauss. At this 

value the calculated uncertainties in the hyperfine splittings, Av, were small 

enough so that a low-field search for the direct (F = ± 1) transitions could 

be made. This resulted in the observation of v(l/2, 3/2) at 19.6 gauss and 

v(5/2, 3/2) at 1.4and'6.9 gauss. 
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Table I contains all resonance data that contribute to a 

knowledge of the interaction constants a and b together with the experi-

mental uncertainties in the calibrating -beam arid bromine resonancé 

frequencies. Also included in the lat column of Table I is A, the difference 

between the observed resonance frequencies andthcsecalculàted using the 

best values of a and b. The uncertainties have been taken as 1/5 and 1/3 

of the resonance half widths at half height for alkali and bromine resonances 

respectively. In Table II we have listed the I.B.M. outputs for g 1  assumed 

positive and negative together with the values of x 2  ôbtainedin each case. 

The values of x2 indicate how closely the calculated a and b values fit 

the observed data while the relative magnitude of x2 for the different

1.  
signs of g 1  is expected to determine the actual sign of g 	In the 

present case, because of an excessive apparatus line width no conclusion can 

be drawn as to the actual sign of g 1 . We.adopt- as the final values of a andb 

the average of the results in TableII, with an assigned uncertainty equal to 

that computed for each. Thus we have 

lal 	345.422±014 Mc, 

tbl = 314.329±.022 Mc, 

and 	 b/a = .9100± Q00.. 
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TABLE I 

Compilation of experimental resonance data observed in Br 
76 

Resonance Resonant Calibration 
a 

&V 
a 

6f 
b 

type frequency frequency Alkali (M/sec) (Mc/sec) (Mc/sec) 
(Mc/sec) (Mc/sec) 

16.95 4 Cs 0.02d ,  0.106 -0.04 

26.3 6 Cs 0.04 0.103 -0.1 

a 64.25 20 Cs 0.04, 0.083 -0.07 

a. 128.6 40 Cs 0.04 0.086  

a. 325.7 100 Cs 002 0.113 +0.02 

13  44.9 22 K 0.04 0.150 0.10 

y 41.6 10 	" K 0.03 0150 0.05 

86.5 10 Cs 0.03' 0.166 -0.14 

86.5 10 Cs' 0.04 0.233 -0.14 

78.6 	' ' 	16. ' Cs 0.04 0.466 -0.05 

13 78.7 16 	, Cs 0.04 0.200 -0.15 

13 118.8 23 Cs 0.05 0.166 -0.04 

iv(1/2, 3/2) 213.6 15 K 0.02 0.076 -0.002 

Lv(5/2, 3/2) 1254.75 1 K 0.03 0.015 -0.03 

Lv(5/2, 3/2) 1248.36 5 , 	K 0.04 0.06 -0.06 

aHere fi v and-&f are 1/5 and 1/3 of the resonance widths at half height for 
the calibrating beam and bromine resonances, respectively, and 

is the deviation in megacycles per sec9nd of the observed resonance 
frequency from that calculated using the best values of a and b. 
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TABLE II 

Values of a and b computed by I. B. M. routine described in reference 
5 and usinjT the risonances of Table las input data. 

	

a (Mc/sec) 	b (Mc/sec) 	g1 a 
	 b 

	

345.423±.014 	314.326±.022 	+ 	 2.7 

	

345.421±.014 	314331E.022 	- 	 2.8 

a The calculations have been made for g1  assumed positiveand negative. 

b The difference between the two values of x 2  listed is not sufficient to 
determine the sign of the nuclear moment. 
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Corrections due to the finate size of the nucleus and nuclear 

WW magnetic-moment, distribution are negligible for atoms of moderate Z 

in pure 2 P3 12  ground states and can be neglected. Corrections due to the 

mixing in of the P 111,2  state' by the applied magnetic field are small and can 

be ignored. 

The zero-field hyperfine structure can be obtained best by 

solving the Hamiltonian of Eq. (2) with I = 1 and J = 3/2. The result is 

v (5/2, 3/2) = 2.5a+ 1.25b.. 	. 	. 

and 	 (6) 
v(l/2,3/2)= 1.5a- 2.25b. 

Substituting in the experimentally determined values of a and - b, we.,find 

v (5/2, 3/2) 	125647 	.05 Mc 
and 	 . . 	 (7) 

v (1/2, 3/2) = 189.11 ± .0.5 Mc. 	 - 

The complete hyperfine-structure diagram of Br 6  is shown in Fig. 8. 

NUCLEAR MOMENTS OF Br 6  

A. Magnetic Moment 

The valence-electron configuration for bromine is 4p 5 . For 

this case where one electron is missing from a closed shell, a and b are 

related to g 1, the nuclear, g  factor, and Q, the nuclear electric-qua'drupole 

moment, by the expressions 11,12 
	 . 	. .. 

- 0 	 12L(L+1) 	1 
h 	g1, J(J+1) .(—T) 	 ' 	 ( 8a) 

and 

-e 2  .2L/ 1 \ 
Th 	z - 	\T/ , 	 . 	 ( 8b) 
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For:bromine the relativistic, correction factors 	and 

are 	1.0261 and OR =1.0535. The nuclear gyromagnetic ratio g 1  is 

related to the magnetic moment . by .g1 	 , where '  is expressed 

in nuclear magnetons, and m and M are the electron and proton mass, 

respectively. Other symbols have their usual meanings. 

From Eq. (8a) and the definition of g 1  we have 

76 	76 	5 
.(Br 	) = F4- 	. ..L7-. , 	 ( 9) 
a(Br) 	 •1 ,  

where 
S• 

is the nuclear magnetic mQthent and 
1S 

 the nuclear.spin of the 

stable bromine isotope Br 5 . Using the results Of Kingand Jaccarino 14  for 

the a values of Br 79  and Br 
81 

 together with the nuclear moments of the 

15 
same isotopes measured by Walchli , we find . 

76 ! = 0.5479±.0001 	(Br 9 ) 	 (10) 

and 

ji 76 ! = 0 5479±  00003 (Br 81 ) 

These values of the moment include the diamagnetic correction. The sign 

of the moment is not determined in this experiment, but because a and b 

both have the same sign, and Q must be opposite in sign. 
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B. Electric-Quadrupole Moment 

From Eq. (8), wefind 

= 8/3
- 6 	çW)(/) 	 (11) 

Introducing the measured values of a for the stable isotopes 

Br 79  and Br 	and the values of 	listed by Walchli' 5 , we find in both 

cases 

Q = 0.26 barns. 

In order to obtain the true nuclear quadrupole moment, Q, a correction 

factor, C, such that Qt = CQ is introduced. This factor, first calculated 

by Strnheimer, allows for the changed interaction of the valence electron 

with the inner core of electrons in the presence of the polarizing field due 

to the nuclear-quadrupole moment. This constant C has been calculated for 

bromine by Sternheimer but with the neglect of certain antishielding 

corrections. 16, 17 The value of C is 1.040, but in view of the incertainty 

in the exact value, we have chosen to assign an uncertainty to Q equal to 

the value of the correction itself. Thus we have 
k 

= 0.27±.O1 barns. 

The value of Q can be calculated by an alternative pr9cedure which uses the 

fine-structure separation, 6, to obtain a value of(-) . Here 8 is related  13 
18 

to \—.j by the expression 
V 

2 

6 = h 
	

(2L+1)f (z.) 	 (12) 
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where we have 6 = 3685 crps., Z. is the effective value of the nuclear 

charge, and (Z.) is a relativistic correction factor tabulated by Kopfermann. 13  

Barnes and Smith have shown Z. = Z-n approximately, where n is the 

principle quantum number of the valence electron. 19  For bromine, we have 

n = 4 and Z. = 31. The value of Q
e  obtained by using 	from Eq. (12) 

is 0.25 barns, and the corrected quadrupole moment Q is 0.26 barns. The 

uncertainty in the value of Q  arises both from the uncertainty in Z 1  and 

the uncertainty in the Sternheimer correction; Z. is known to perhaps 5 010. 

Thus we have finally Q = 0.26±.02 barns. 

The agreement between the two methods of calculation is 

satisfactory. 

DISCUSSION 

We shall first examine the results for Br 76
from the point of 

view of the single-particle model of the nucleus. 20 
 The, odd-even isotopes 

77 	79 	81 	 21 of bromine--Br , Br 	and Br 	are all known to have spin 3/2 .. We 

will assume that the proton contribution to the spin of Br 6  is also 3/2 and 

that it arises from the,odd proton in the.p 3,,2  level. The expected contribution 

from the forty-first neutron is less obvious. It might lie in either of the two 

closely spaced levels g912  or  p 1 12 , depending upon, whether or not pairing 

takes place. If the odd neutron is supposed to enter the g 9 12  level, a spin of 

1 cannot result, but if pairing is assumed to take place; the neutron configuration, 

would be (g9 12 ) (p112),p2,  and on, the ,  basis of Nordh.eim's strong rule a spin 

of 1 would be obtained. The spin of Se 	is known to be 1/2, 'which lends . 

support to the pairing hypothesis, though Ge 41  exhibits a spin of 9/2. 
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Aamodt and Fletcher have measured the spin of Se, an 
41 

isotope with the same number of neutrons as Br , to be 5/2. 	This rather 

surprising result has no very obvious explanation in terms of the single-

particle shell model. In addition, the quadrupole moment is exceptionally 

large (1.1 barns). .Aamodt and Fletcher suggest three possible configurations, 

all with a positive quadrupole moment, that would give rise to the observed 

spin. These are listed in Table III together with their magnetic moments 

calculated by using the free-neutron g value. As the nuclear moment of Se 75  

is not known, it is impossible to decide between the various possibilities. In 

column 3 of Table III we have listed the magietic moments of Br 6  calculated 

on the assumption that the neutrai part of Br 6  is similar to that of Se 75  and 

that the proton part is similar to that of the stable bromine isotopes whose 

moments are known. The calculation has been made on the assumption that 

the neutrOn and proton parts couple together in (JJ) coupling, i.e. that the 

moment of Br is given by 23  

J(J+l)-J(J+l). 
1/2 [(g+g)I+(gg) p p 1+ 1 n n 

	, 	 (13) 

where (g, g and J, J) are the neutron-and proton-part g values and 

angular momenta respectively and I is the nuclear spin. In the last line of 

Table III we have listed the moment of Br 6  calculated in the same way using 

the neutron configuration [(g g /2 ) p112 ] 

It is obvious that no very satisfactory agreement exists between 

the calculated and experimental values of the moment of Br 6 , and it is unlikely 

therefore that the configurations suggested for Se 75  have much validity. The 

configuration 1 (99 12 ) p 	is rendered additionally unlikely br the fact 

that in this case i.t  and Q both have the same sign. 



-18- 	 UCRL-9013 

TABLE III 

Calculated values of the magnetic moment of tr ' 	using the neutrot 5  
configuration suggested by the sign of the quadrupole moment of Se 
The last configuration is suggested by an application of Nordheim's 
rule, but is rendered unlikely -by the, relative signs of the magnetic 
and quadrupole moments. The calculations have been performed 
using the fr.ee-neutron 7  value 	nd a value of g 	obtained from the 

P known moments of Br and B r 01 .  

Neutron 
' 

p. Se 	p. Br 76 	 p. 	
76 (Br 

configuration 
ex 

(nm) 	' 	 (nm) 	Q 	(nm) 
abs. value 

[p172(g912)Z]512 -0.21 	-1.2 	. 	 , 	 0.55 

[(g9 12 ) 3 ] 5 12  -1.1 	. 	 ' 	 . 	 -1.8 

[(f52)5 
] 5/2 -1.4 	-2,0 

[(g9 12 ) 2  p112 
	1/2 

- 	 1.13 
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In the nuclear ground state, the quadrupole moment Q is 

related to the intrinsic quadruplerxoment Q 0  by.the expression 24  

Q 	'() 	.. 	 (14) 
...(I+1)(2I-+.3) 	. 

and we find 

o (BrTh) 27 barns. 

This large value of' Q 0  suggests strongly the possibility of a 

collective deformation of the nuclear core, and it is of interest to investigate 

if the Nilsson model is capable of giving a satisfactory explanation of the 

observed spin and moments. 
24  Nilsson has calculated the energies of bound 

states of individual nucleons in the field of a deformed core and has expressed 

the results in terms of a deformation parameter, O. This parameter 6 is 

related to Q 0  by the expression. 	' 

Q 0  = 0.8 Z,( 1.2..X 1013Ah/3 )2 6(1 + 2/36). 	 . (15) 

For.'Br 	we find 6 = 0.31. . The nuclear energy levels are 

shown plotted against the deformation-parameter :6 i.n..Fig.. 5 of Nilsso.n. 24 

At a .6 value of 0.31 there is crowding ofthe available neutron and proton 

levels, and it.is  not possible to state 'unequivocally which levels are occupied 

by the thirtyfifth proton and fortyfirs.t neutron In columns 1 and 2 of 

Table IV we have listedthe posible neutron and proton.configurations taken 

in pairs in such away as to permit a resultant gpin, of 1. for the ground state 

of the odd - odd Br 6 . In columns 3 and 4 are listed the numbers that 

identify the appropriate Nils son states, and in column 5 is listed the magnetic 

moment ca'culated by the use of the Nilsson wavefunctions, . The calculations 
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TABLEIV 	.: .. . 	:•. 

Magnetic moment of Br 6  calculated usingNilssowavefunctions 
with deformation 	= 0.3. 

Proton Neutron Nilsson state p. calc p. exp numbers (nm) (nm) 
Proton Neutron Abs. values 

16 	15 —0.49 0.548 

+ g512 10 	22 ,  
. 

 2.3 4 . ... 

7/2 5/2 .10 	15' .... 

9,2  24 	30 128 

P3/2 	. d12  16 	30 0.40  

P/2  952 	' 16 	22  
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have been performed by evaluating the expression 

1 	 - ' _____ 	• I) 	 (16) 
I.+1 	

op 

in the strongcoupling limit. 

p -• 	n 	P - 	ii 	 - 
S+g 5  Sn  +g1. . L+g 1  L +g. R. 

The quantities g 	= 5.585 and g 	3.826 are the proton and neutron 

spin g factors, and g1 p = 1, g 1
n  = 0 are the orbital g factors. The 

quantitie 9 1 ,Tt , t ,t , and R are respectively the proton and 

neutron spin and orbital angular momental, 	is the rotational angular 

momentum of the core, and 	0.46 is the core rotational g 

factor. Equation (16) is easily evaluated by using the matrix elements 

given by Nilsson. 

It is now known that for large deformations, positive quadrupole 

moments tend to predninate. 25 It is likely,.therefore, that the sign of 

76 .  • . 
i(Br 	) is negative. Ofthe two configurations exhibiting a negative moment 

in TableIV, the configuration (pn) = (p,2 , f 5,,, ) seems most likely. 

A measurement of the magnetic moment of Se 75  would shed light on this 

matter. 
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FIGURE LEGENDS 

Fig. 1. P1t of hyperfine-level energy, W, (in units of a) vs b/a for 1=1 

and J=3/2. 

Fig. 2. Schematic representation of energy levels of Br 6  as a function of 

magnetic field. (a) without level inversion and (b) with an inversion 

of F=3t2  and F=1/2 levels. 

Allowed t'flop-in' transitions are (af3y). 

76 
Fig. 3. Apparatus used to separate Br from arsenic metal. 

Fig. 4. Demountable discharge tube used to dissociate bromine molecules. 

Fig. 5. Observed 1(a) resonance at a field of 110.95 gauss. 

Fig. 6. Observed 1 (t) resonance at a field of 17.07 gauss. 

Fig. 7. Observed 1 (y) resonance at a field of 6.9 gauss. 

Fig. 8. Plot of energy levels of Br 6  versus magnetic field. The energies 

were obtained by solving the Hamiltonian with an I.B.M. 650 computer 

using a and b values close to the final results. 
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