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NUCLEAR SPINS, NUCLEAR MOMENTS,- AND HYPERFINE STRUCTURE |

oF %Ge AND "2Ge, AND P, HYPERFINE STRUCTURE OF 'Ge

Abiodun F, Oluwole,+ Stephen G. Schmelling, and Howard A. Shugart

Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California

November 5, 1969

ABSTRACT

The atomic-beam magnetic-resonance method has heen used to measure

the nuclear spin I and the hyperfine structure constants a and b in

the 3P1 atomic state of 38-hr 696 and 82-min 7SGe and in the 3Pz atomic
state of 75Ge and 11-day 71Ge. From these measurements, the nuclear
69

moments g and Qq are deduced. The results are: for ~Ge, I = 5/2,

a(’P)) = +23.39(3) Miz, b(°P;) = ¥8.28(8) Miz, u (uncorr) = 0.733(7)
and QI(uncorr) = +(,028(6) barn; for 71Ge, a(SPZ) = +360.54(6) MHz; and
for '%Ge, T = 1/2, a(3P1) = -81.05(8) Miz, a(’P,) = +335.94(9) Mz, and

uI(uncorr) = +0,509(5) e
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I. - INTRODUCTION

Germanium (Z = 32) has seven odd—mass'isotopes. Until recently,

nuclear spins and moments and atomic‘hYperfine structures (hfs) had

71 d'73

been measured for only '“Ge! and '“Ge.!"?® This paper is a report on .

the measurement of the ground state nuclear spins and multipole moments

69

for two more gennénium isotopes: Ge and 75Ge. It is part of a

Continuing.study by the Berkéley Atomic Beam Group on the atomic and

nuclear properties of radioactive isotopes. Hopefully, such measure-
ments for.seyeral isotbpes of an element can aid’iﬁ understanding the
effects of éhanging neutron number on the nuclear structure. It is
also interesting‘to note that there have recently been measurements
of the nuclear magnetié moments in excited nuclear states Of‘tWO-
odd-mass germanium isotopes.*’?

We briefly describe the principles and techniques used in these

measurements. The results are presented along with a discussion of

the contributions to the hfs constants from relativistic corrections

and configuration interaction calculated by the effective Hamiltonian:

technique of Sandars and Beck.® Finally, the values obtained for the
nuclear moments are compared with the predictions of several nuclear
models.

In addition to the above, we also present the results of a

71

measurement improving the 3P2 hfs of "~Ge.

IT. GENERAL PRINCIPLES

The HamiltoniaﬁiK for a free atom in an external magnetic field

H is given by’
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X= }%1fs iiJQZ (1a)
where
2
= 1 s wn 3D+ (3/2)(Le]) - T(I+1)J(J+1)]
3G g = ha L+ + hb ATe SN A (1b)
.and » | :
¥y =gy v dH - g, IH L (10)

In Egs. (1b) and (1c) I and J are the vector nuclear and electronic
angular momentum operators, respectively, and gy = (uI/I) and

gy = (uJ/J) are the nuclear and electronic g-factors ekpressed in Bohr
magnetons. The hyperfine structure constants a and b are related to
the nuclear_magnetic dipole moment and the nuclear electric quadru-

pole moment Qq by the relations

' uIHe. :
ha = - 7 (2a)
.2 | ’
hb = e qJQ v (2b)

where He. is the magnetic field produced by the electrons at the nucleus,
and ay is the atomic electronic field gradient at the nucleus.h

inbthé absence of an‘extérnai'field;‘g and J are strongly .counled
by the hfs interaction to form a total angular momentum F = T + J.
An atomic level specified by the quantum number J is split by‘Rhfs into
levels specified by the different possible values of F. In an external
field, Mi splits each F 1eyel into (2F+1j sublevels specified by the
quantum numbers MF = -F, (-F+1), -« , (F-1), F,.

At low magnetic fields where Kﬁfs >> mi, F and Mg are the good
quantum numbers. At high magnetic fields where ths << Hi, I and J are
decouﬁléd-énd I, MI and J,_MJ are the good quantum numbers. These

experiments were done at low and intermediate fields, and the hyperfine
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levels are specified in terms of the asymptbtic zero-field quantum

‘numbers (F, MF).

III. EXPERIMENT

A. Apparatus '

The atomic beam apparatus used for these measurements is the classic
flop-in type.7, A detailed description of our apparatus is given in
Ref. 8. A beam of neutral atoms emerges from a well-defined source,

passes successively through three magnetic fields designated in order by

- letters A, C, and B, and then strikes the detector. The A and B magnets

have'étrong inhomogeneous fields with the direction of the gradients

parallel to each other and parallel to the direction of the fields. In

~order for an atom'to-reach_the detector it must undefgo equal and oppo-

site deflections as it passes through the A and B fields. This is ‘only

possible if its effective magnetic moment reverses sign in the inter-

mediate C field region. In this region, the atom,interactS'with'a.Weak
rf field whose frequency corresponds to the difference in energy between
Zeeman hyperfine sublevels of the atom. This necessary reversal of sign
1eads to the machine selection rule My(A) = -M;(B) , where A and B refer

to the'inhomogeneous magnets.

B. Isotope Production and Detection

Both 75Ge and 71Gevwere prepared by neutron irradiation'of germanium'

metal spheres sealed in quartz capsules. The Berkeley TRIGA Mark‘III'

13 75

reactor, with a flux of 10 Cm-z-sec_l, was used to produce 83-min '“Ge

while the CETR at Vallecitos, California, with a highef.flux of
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14 -2 71

107" cm —sec_l, was used to produce 11-day '“Ge.

The neutron-deficient isotope 38-hour 69Ge was produced by the

g 70 15 min 69
—_—

cyclotron reaction Ge(p,Zn)69As Ge. Both the 88" cyclotron

at Berkeley and the Crocker 76" cyclotron at Davis were used to produce
%9e. The cyclotron target was a 0.078 in. thick germanium disc in an
aluminum holder. A total bombardment of about 300 pA-hr was necessary
for a good fun.

In all three cases, the atomic beam was produced by eiectron
bombardment of a tantalum oven with a graphite liner containing the
germanium mefai. |

Germanium has an electronic ground étate éonfiguration
---(45)2(4p)2. In order of increasing energy, the states arising out
3 3 3 1 1

PO’ Pl’ Pz, DZ’ and SO' At the oven

3

of this configuration are:
temperature of 1500°C the Boltzmann factors of the “P; and 3P2 states
aré'large.enough to make transitions between the hyperfine levels of
these states observable.

Germanium-69 presented more experimental'difficulties than the
reactor-produced isotopes. The cyclotron target was'made from natural
»germanium which has five stable isotbpes; a number of (p,2n)
reactions take place simultaneously, producing several other arsenic

%9s. Rather than perfom a chemical sepa-

isotopes in addition to
ration of germanium from arsenic, we used the difference in vapor
pressure.of the two elements at a given temperature to effect a
separation. At 500°C the_vapor pressure of arsenic is about 120 mm Hg,

0

while the vapor pressuredf germanium is essentially zero.'® The scheme

was to increase the oven temperature gradually from about 500°C to the
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operéting temperature of 1500°C. In fhis way it.was possible to drive
off the afsenic isotopes from the germanium sample. This procedure took
about 30 minutes. Unfortunately, rather than being pumped away and out-
of the oven chamber of the machiﬁe; a good deal of the arsenic appearéd
to condense on the éooler parts of the oven loader and oven chamber.
When the source temperatufe was raised to 1500°C or 'so, this.arsenic
reevaporated and acted as a broad atomic beam source. .Because of this
broad source effect, the signél-to—background ratio for 69Ge was.énly

71 7SGe.

half of that of '1Ge or
All three isotopes were detected by means of their radioactivity.
The atomic beam was collected on clean sulfur-coated brass butténs
which were exposed to the beam for five minutes, removed from the _
vacuum system, and then sent to the counting area where their radio-
activity was measureéd. Germanium-75 decays by R emission and 6gGé
decays By B+ emission; the beta particles were detected by low backj
ground Geiger counters. The third isotope, 71Ge, decays by electron
capture. Thin NaI(T1) crystals mounted on photomultipliers were uSed._
to detect the 9.2 keV gallium x-ray resulting from this decay.
| To.normalizé the beam intensity, two buttons were exposed simul-
taneously; One button was placed on the center of the machine to
collect the flopped-in beam while the other button was placed.off-axis‘
and collected fhe flopped-out beam. The signal is the ratio of the |
activity of the center button to that of the side'button. A reéonance

curve is obtained by plotting this ratio versus the applied radio

frequency.



-6- 1ICRL-19395

C. Spin Measurement

The nuclear spins of 69Ge and 75Ge were measured by observing
- rf transitions between low-field Zeeman levels in the hfs states with
F=1+J. The frequency of such transitions is given approximately by

v = -gy[3/ (TR)] (uy /WM,

For germanium, whose atoms have iﬁtegral J values, Singlé-quantum
transitions changing Mg by #1 violatevthe:machine selection rule
MJ(A)'= —MJ(B). However, at low fields where the Zeeman sublevels are
almost equally épaced, a double-quantum transition with AMF = +2 can be
induced. ~ At least one of these transitions will satisfy the machine
selection rule. The applied frequency is one-half that corresponding to
the splitting of the two levels. Usually the rf power required to
induce such transitions is much larger than that required for equiv-
alent single-quantum transitions.

Figures 1 and 2 show the results of the épin searches for 696 and
"ge. One can easily'see the enhanced signal-to-noise rafio at the
I = 5/2 points for 69Ge and at the I = 1/2 point for 75Ge. To con-
firm these Qalﬁes,completé resonance curves were also obtained at these
low fields.

| To help identify the isotopes, a decay analysis of the spin buttons
was made., Half-lives of 38 hours and 83 minutes were obtained for the
I =5/2and I = 1/2 buttons respectively, identif&ing the isotopeé as
69Ge and 75Ge. For 69Ge, the y ray spectrum of the cyclotron target,

shown in Fig. 3, was taken with a Ge (Li) detector. This spectrum

agrees with that in Ref. 11 and the 698e peaks can be easily identified.



-7- _ UCRL-19395

D. Hfs Measurements

£ 69

Energy level diagrams for the 3Pl states of - Ge énd‘75Ge are -

shown in Figs. 4 and 5. All the observed transitions are labelled, i.e.,

F F

a (AF =0, = £2), B (AF = #1, AM_ = #1), v,8 (AF = O,‘AMF = +1), and
e,n (AF = +1, AM; = £1). o |
‘The general procedure for determing a by ABMR is to follow one of
the AF = 0 transitions up in field from the low field Zeeman-fegidn until
the error in a is small ehough to permit the obSérvation of a direct
- AF = ] transition. The double-quantum transition a, used in heasuring'-
the spin, was observed at several values of HO, up»to:about 25 G. It
was observable as long as the two single—quantum component transitiohs
v and § differed by less than a few MHz. | -
When the difference in frequency of the two component transitions
vy and § became too 1érge to allow us.to observe the double-quantum.
transition.u, it was necessary to use a two-frequency technique.12
Thié technique involves the superposition of two rf fields whose fre-
quencies match those of the two single-quantum tfansitionsvy and §.
One componént of the rf field induces transition & [(F,MF)++(F,MF+1)]
and the other component induces transition y [(F,MF+1)ff(F,MF+2)]. An
atom which makes transitions & and Y in succession will then‘satisfy‘
the criterion MJ(A) = —MJ(B)., Atresonance signal is obgefved by-fixing
one of the rf generators at the correct frequency for one transition and
then varying the other. Pigurév6 illustrates two siﬁgle;quantﬁm tran-

75

sitions observed in '“Ge at 12.8 G.

After each run, a least-squares fit of the data to Eq. (1) was
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made, treating a and b as variable parameters. These values of a and
b were then used to predict the frequency of the AF = 1 B-transition,

which was subsequently observed. Figure 7 shows the AF = 1 resonance-

for 75Ge at 1 gauss while Fig. 8 shows the B-transition resonance for
69Ge at its field—independent point, 4 gauss.

The AF = 1 observatioﬁs were combined with the AF = 0 data to
yield more precise values of a and b. For 75Ge with I =1/2, b =0

the observation of the B-transition compietely determines a. The zero-
field hyperfine splitting is given by Av = (3/2)a. For 69Ge, however,
with I = 5/2, one needs to measure both the (F = 7/2 — F =,5/2) and
(F = 5/2 —F = 3/2) hfs intervals to determine a and b uniquely.
Unfortunatély, transitions between levels with F = 5/2 and F = 3/2
violate the machine selection rules and are not directly observable.
One can again circumvent this difficulty by sﬁperimposing two rf fields
in the C-field region. One ff field induces transitions between the
F=7/2 and F = 5/2 levels, and the other,iﬁduces transitions between
the F = 5/2 and F = 3/2 levels. This method allows an unamb iguous
determination of a and b. The transitions observed in this expefiment
are labeled n and € -in Fig. 4, |
When the value of a(SPl) was known for Ge and 71Ge;1 the Fenni;
Segre laﬁ'could be used to predict the values of.a(SPf for these
isotopes by comparing them to 736e for which a(SPZ)-Was previously
known.? Direct AF = 1 transitions were observed in the 3P2 state for
both 71Ge and 75Ge. The observed frequencies of these transitions were
in agreement with the predicted values. Figure 9 shows the AF = 1

resonance for the P state of Nge:

2
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IV. RESULTS
Y'A.‘ Summaryﬁ
'Table I'ligts the quantum ﬁumbers_of the observed transitions and

69Ge, 71Ge,fand

Tables II,.iII, and IVa and ITVb summarize the data for
75Ge, fesﬁéttively. _

A 1east-équares_fitvof the data to Eq. (1) by a computer routine .
yieldéd thé results shown in Table V for the hfs constants a and b.
This table also lists the nuclear moments deduced from_the,hfs_cpnstants

and the xz for each of the fits. The number in parentheses is the

uncertainty in the least significant figure, and represents two standard

‘deviations for a and b. Preliminary values of these results'were_'

reported earlier,!®

The'magnetié moments were determined by using the Fermi-Segre

75~ . 1 69

relation to compare ' “Ge and ~“Ge to the stable isotove 73Ge. The

hyperfine structure constants and nuclear moments for this isotope

3

have all been measured previously.?’?® The uncertainties in the values

of the huclear magnetic moments have been taken to be i% to allow for a
| 6950
are discussed below.

>Chiids and Goodman? have measured a positive sign for ?(3P1) for
73Ge. since it is known that y; for this isotope is negative, one would
expect a and Hp to have the opposite sign for all germanium isotdpes;
To determine the sign of ) for;75Ge,iwe followed the B-transition ﬁp

to higher fields where the center of the resonance curve depends sig-

nificantly’upoh the sign of the nuclear moment. These further obser-
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vations made the difference in XZ between the fits for My < () and
Mp > 0 sufficiently pronounced to justify assigning a positive sign to
uI(75Ge). This implies that for 75Ge, a(SPl) is negative and a(BPZ)

is positive. For 69

Ge the data were insufficient to allow a determi-
nation of thé signs of the nuclear moments,vbut nuclear theory strongly
supports a positive sign for the nuclear magnetic momeht.

| The data for a(SPZ) of 71Ge were analyzed iﬁ two ways. First, our
AF = 1 observations alone were fitted by the computer routine, and second,

these data'were combined with the AF = 0 data of Childs and Goodmanl.and

another fit was made. Both procedures gave the same results.

B. a(spl) for Ge Isotopes
For pure non-relativistic L-S coupling of two p-electrons to 3Pl
one flnds a( 3p ) =0 in contrast to the non-zero experlmental values,
These non-zero values may be attributed primarily to two sources:
relativistic effects and configuration-mixing or core-polarization
effects. Sandars and Beck® have shown that relativistic effects in

magnetic dipole hfs can be taken into account with a three-parameter

Hamiltonian

Kﬁf (Ml) - 22“ gI(r >av ; orb (10)1/ r§g(2))§l)Fsd+ §ti}’£ (3)

where the F's are relativistic corrections which will be discussed
below. Core-polarization effects can be represented by a term

Kep = C 8L | G

and will appear as an additive constant to both a(spl) and a(SPZ) for
a particular isotope. Since Eq. (4) has the same form as the last term

in Eq. (3) the authors of Ref. 6 point out that it may be difficult to
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distinguiéh between these two effects.:
One can analyze ourimeasurements.for 75Ge, for exaﬁple,_in two
wéys. If‘éne assumes that;thq F's in Eq. (3) are each independent
parameters to bévdetetmined by experiment, then with only fwo measﬁre— N
ments it is iﬁpossible to detérmine the values 6f’these radial param-
eters or to effect a separation between relativistic or core polari-

zation effects. On the other hand, if one assumes that the F's are

given correctly by the formulas of Ref. 6 and the tables of Ref. 14,

* then one can use the two measured quantities a(sPl) and a(SPZ) to

obtain an estimate of <r'3)av and the relative contributions of

relativistic effects and core polarization effects to a(?Pl). In this

case we can write

a(spl;expt) 8y * A($P1)<r'3>av - | (Sa)

It

acy * ACP™) . (5D

3.
a("Pysexpt) = a

where an is the contribution to a from core polarization, and the

A's représeﬁt the contribution to a from all the terms in Eq. (3)

except (r_3)av.

For 75Ge we find that acp.= -54 MHz, or about 67% of the total
q(?Pl) with_the other 33% coming-ffom relativistic effeéts; ‘The core
polarization térm makes a(SPZj about 14% smaller than it would bé in
the absence of this effect. Equations (5) give (r's)av; 6.4 aés.' In’
the absence of any hfs anomalies, the relative contributions of the
various sources to the hfs interaction and the value_of1<rf3)év,shoﬁ1d be

the same for all germanium isotopes.
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C. Quadrupole Moment of 69Ge

The quadrupole moment Q of 69Ge can be obtained from the éonéfant
b by the relation of Eq. (2b). The non-relativistic value of qj is
giveﬁ by qj = O.2<r_3>. Although relativistic corrections, calculated
by the methods of Ref. 6, change the value of ay by only about 2%,
Sternheimer -corrections (which we ignore here) could change its value
by as much as 15%. From the measured value of b and the value (r3)
deduced abbvé, we then obtain the Value_Q(69Ge) = 0.028(6) barn shown'
in Table V. The 20% uncertainty in Q results from the theoretical
problem of extracting Q from b.

Equéfion (2b) and -our value of (r™3 imply that Q(73Ge) =
-0.173(26) barn, a value which differs from that in Ref. 2 by about
40%. Through a private commumnication,!s W. J. Childs_has informed us

that he'agrees that there was an error in Ref. 2, and that this new

value is the correct one.

V. DISCUSSION

69

The measured spins 1 = 5/2 for %9ce and T = 1/2 for 75Ge agree

- with the predictions of the single—partiéle (S-P) shell model. On
the basis of this model one would expect to find the odd neutrons in
69Ge in the 1f5/2 shell and the last odd neutron in 75Ge in the 2p1/2
or the 1g9/2.she11. It should also be noted that indirect measure -

69Ge and a study

ments of the spin of 696e based on the B-decay!' of
of the 70Ge(3He,a)69Ge reaction'® had previously indicated the value

I = 5/2 for this isotope.
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One caﬁ make a comparigon of the measuféa values of the magnetié
| moments'with the theoretical predictions of vafious nuclear modelsf'
’This comparison'ié shown in Table VI. |

For 69@6, as one might ekpect, the predictions of the S-P shell
model.(the Schmidt value) do nof agree well with‘experiment. If one
assumes -that the sign of the moment should be positive, then the othér
jmodels all predict values which are much closeér to the experimental
value. The uncertaihties.of the theofetical Values are:at ieaét 0.1 0%
and probably larger. Within these limits, the prediétions of
the three more complicated models all agree about equally'welllwith
éxpefiment;’ |

As heﬁtioned above, the last odd neutron in 7S,Ge is in a Py /2 state.
For a neutron in such a state, both the configuration-mixing approach
and Migda1'§ quasiparticle method (as well as the S-P shell model) predict
that the'magnetic-momentvis equal_fo the Schmidt Value. This value,
0.64 N is in good agreement with experiment. The ﬁairing—plus—
quadrupole model prediction includeé contributions to the magnetic
momeﬁt frém collectiﬁe excitations of the nucleus. With these extra
contributions, this model.predicts a value for the mbment‘whiéh differs
from the Schmidt value, but one which gives poorer agreement with
experiment fhan the others.

Finally, one can compare the measured quadrupole moment of 69Ge,
with thé.predictions of the various nuclear models. However, the verv
small'value of the 69Ge quadrupole moment and the 1arge.experimentél 
uncertainty limit one to only a qualitative comparison. If the sign

of the magnetic moment is taken to be positive, then our measurements give a
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6

small positive quadrupole moment Q = 0.028(6) barns for gGe. The S-P

shell model predicts a zero quadrupole moment for all odd neutron nuclei

69 16

including "“Ge. Both Migdal's quasiparticle theory'® and the configu-
ration-mixing approach'’ predict a small positive quadrupole moment in
agreement with experiment.

Thus, it appears that the nuclear spins and moments of 69Ge are
quite well described by some of the more sophisticated versions of the
shell model, -and that the huclear‘magnetic moment of 756e is, as

expected, close to the Schmidt value.
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Table I. Quantum numbers of observed resonances.
. Quantum Numbers
Isotope Tragigglon J Fy My ?FZ M
096e: o 1 72 12 12 32
§ 1772 7/2 7/2 5/2
Y 1 7/2 5/2 .7/2 3/2
B 1 5/2 5/2  7/2 3/2
€ 1 3/2  -3/2 5/2 . -5/2
n 1 5/2 -5/2 7/2 “7/2
Tce & "ce o 1 32 32 32 -1)2
| 5 1 32 3/2 372 1/2
y 1 3/2 /2 3/2°  -1/2
8 1 1/2 -1/2 v3/2 -1/2
2 5/2 ' 1/2 3/2 -1/2




Table III.

Observed resonances in 71Ge; I1=1/2,J=2.

Calibration Calibration Field Ge71 4 Residuals
Run No. Isotope Frequency (Gauss) Frequency Type (kHz)
GC 5 * 133s 24.958 70.006 236.666( 5) o - 25

GC 4 * 133Cs 18.450 52.004 175.300( 6) « - 0.1
GC 3 * 133Cs 13.789 39.003 131.200( 15) « -9
GC 2 * 133Cs 7.035 20.001 67.100( 25) o - 2
GC1* gsCs .350 1.000 4.896( 15) « -126
1086 goRb .463(15) .991( 32) 903.400(200) B8 - 16
1087 85Rb .869(58) 1.859(124) 905.300(200) B8 62
1088 gcRD 1.863(15) 3.979( 32) 909.800(200) B 98
1116 85Rb 1.815(15) 3.877( 32) 909.500(100) B 14
1117 85Rb .451(15) .966( 32) 903.400(100) B 37
1118A gcRD .946(15) 2.024( 32) 905.500(100) B - 83
1118B Rb .941(15) 2.013( 32) 905.550( 50) B - 11

: From the work of Goodman and Childs (Ref. 27).

See Table I.
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Table I1. Observed resonances in 69Ge; I1=5/2,J=1.

69

Calibration Calibration Field Ge Residuals
Run No. . Isotope Frequency (Gauss) - Frequency Type*  (kHz)
. % (Mdz) _ (MHz)

1126 O 469 (20) 1.004(42) 1.200(100) o -26
1135 Cqasls 1.069(20) . 3.053(57) 3.800(100) « 59
1140 133Cs 2.083(30) . 5.945(85) 7.800(200) o -90
1140A 133Cs 2.779(20) - 7.925(57) 10.800(200) o - -69
1141 135Cs 2.458(20) 7.011(57) 9.500(100) 28
1141A 133CS 1.675(20) 4.780(57) 6.200(100) o -22
1141B 133CS- 2.470(20) 7.048(57) 9.600(100) o 73
1142 133CS - 3.096(20) - 8.829(57) 12.200(100) o . =90
1142A 133Cs 3.064(20) 8.737(57) 12.100(100) o -44
1143 133CS 3.849(20) 10.970(57) 15.800(100) « -12
1146 133Cs 5.149(30) 14.659(85) : 22.400(100) «o -4
1153 133Cs _ 5.319(20) 15.143(57) 23.300(100) o -20

~1153A 133Cs 6.373(20) 18.126(57) 29.200(100) o -25
1156 133Cs 8.812(20) 25.018(56) 44.600(100) « -19
1157 133Cs 8.836(30) 25.087(85) : 24.200(200) ¢ -297
1157A 13308 8.836(30) 25.087(85) 20.500(300) vy 213
1163 133Cs 8.760(20) 24.872(56) 89.300(100) B -124
1168 135Cs 24.677(20) 69.234(55) 89.100(100) v 89
1172 133Cs 3.577(25) 10.196(71) ©90.700(100) £ -1
1172 133CS 3.577(25) 10.196(71) 89.800(100) n 74
1172 133Cs 3.556(18) 10.137(51) 90.600(100) * € 18
1173 133CS 3.577(20) . 10.196(57) 89.600(100) n -25
1174 133Cs 8.803(20) 24.993(56) - 20.200(100) v 11
1174B 133Cs 8.813(30) 25.022(85) .- 89.400(100) B -275
11758 : 133CS - 1.488(20) 4.248(57) 72.600(100) B8 58
1178 133Cs 1.550(20) 4.425(57) 72.550(500) B 78
1180 ““Cs 1.507(20) 4 € 7

.303(57) 79.100(100)

..6"[_

%
See Table I.
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75

Table IVa. Observed resonances in "“Ge; I = 1/2, J = 1.

2.094(13)

Calibration Ge75
Calibration Frequency Field Frequency Residuals

Run No., Isotope (MHz) (Gauss) (MHz)  Type* (kHz)

975 SgRb - .868( 8) +1.858(18) 5.100(144) « -131

977 133Rb 1.858( 8) 3.968(17) 11.200(250) «o - 45

981 133Cs 2.773(10) 7.908(29) 22.600(280) o - 76

985 133Cs 2.782(16) 7.935(46) 22.600(144) « -154

986 85Cs 4,477(10) 12.752(28) 37.100(200) o - 16
1001A 85Rb 5.968(15) 12.661(32) 17.900(200) vy - 14
1001B gcRD 5.968(15) 12.661(32) 18.900(200) ¢ - 26
1001C 85Rb 5.968(15) 12.661(32) - 36.800(200) o - - 40
-1006A 85Rb 9.434(28) 19.904(58) 30.700(200) 6 16
1006B gcRb . 9.434(28) 19.904(58) 28.600(200) v 39
1007A 85Rb 14.278(30) 29.890(61) 47.800(200) 6 34
1007B 85Rb ‘ 14.278(30) 29.890(61) 44.000(200) v - 17
1010A 85Rb 24.250(20) 49.973(40) 84.400(200) 6 77
1010B 85Rb 24.250(20) 49.973(40) 78.100(200) vy - 20
1011A 85Rb 24.226(15) 49.926(30) 78.000(100) vy - 35
1011B 85Rb 24,226(15) -49,926(30) 84.150(100) ¢ - 84
1012A 85Rb 37.100(16) 74.955(31) 124.850(100) v -108
1012B 85Rb 37.110(10) 74.974(19) 132.300(100) 6 - 80
1014 85Rb .516( 6) 1.104(13) 123.900(100) B - 23
1094 goRb .455(15) .974(32) 123.650( 50) B 7
2229 85Rb 50.515(15) 100.029(28) 450.400(100) B - 15
1121 85Rb 50.507(15) 100.015(28) 450.400(100) B 39
1016 Rb .979( 6) 050( 50) B - -3

L%k :
See Table 1.
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- Table IVb. Observed resonances in 75Ge; 1=1/2,J =-2.‘

, : Calibration o 75Ge/ :
. Calibration Frequency Field Frequency Residuals
Run No, Isotope - (MHz) (Gauss) (MHz) - Type* (kHz)
1111A &b - 452(15)  .968( 32)  841.900(200) gt 37 |
L &
1111B 8rp .936(200)  2.002(427) 843.800(200) B’ -235 =
1111C 85nb 2.337( 15)  4.988('32) - - 850.400(100) B 66
111D 85 2.334( 15)  4.981( 32)  850.300(200) B’ 17
1111E 85pb 961( 15)  2.056( 32) 844.000(200)  B' . -148
. |
See Table I,
. Results: a(SPZ; 75Ge) = +335.94(9)
| ¥ = 0.55

"S6¢6T-TION



Table V. Results.
Isotope Spin hfs Constants Nuclear Moments XZ
69ge 5/2 ) = £23.39(5) Mz up = F0.733(7) w 7.97 (a>0)
D = ¥8.28(8) Mz Qq = #0.028(7) barn 8.14 (a<0)
b/a < 0
71 - a
Ge ,) = +360.54(6) Miz 0.47
a(’P,) = +360.54(6) Miz b 0.55
"SGe 1/2 a(’P)) = -81.05(8) Mz bp = *0.509(5) by 2.23
)) = +335.94(9) Miz
a

From our (AF

b From our (AF

1) transitions alone.

1) transitions and (AF = 0) transitions in Ref. 1.

...ZZ-
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Table VI. Comparison of the experimentally
measured values of the magnetic moments with
the predictions of several nuclear models.

- Model 69Ge '7SGe

Single-Particle +1.37 +0.64
Shell

Configuration +0.80 . +0.64
Mixing a '

Pairing Plus +0.64 © +0.91
Quadrupole b

. . d c

Quasiparticle +0.90 +0.64

Experiment +0.733(7) . +0.509(5)

a_A. Arima and H. Horie, Prog. Theoret. Phys.
(Kyoto) 12, 623 (1954).

- L. S. Kisslinger and R. A. Sorensen, Rev.:
Mod. Phys. 35, 853 (1963).

'€ This is actually an estimate of the magnetic
- moment for °’Zn but should be very close to the

expected value for ®°Ge.

M. A. Troitski¥ and V. A. Khodel, Sov. J.

Nucl. Phys. 1, 143 (1965).
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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