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The hyperfine structure (hfs) and g; value of the metastable (5d%s?) 2D;/2 and of the (5d°6s6p) *Fyr
levels in Aul®” have been measured by the atomic-beam magnetic-resonance method. The results for the hfs
interaction constants, which have been corrected for second-order interactions with neighboring fine-structure
levels, are A(2Ds2) =199.8425(2) Mc/sec, B(2Dsj2) =—911.0766(5) Mc/sec, C(2Dsz) =0.000212(14)
Mc/sec, A(*Fy2) =432.276(1) Mc/sec, B(!Fys)=—540.026(17) Mc/sec, and C(*Fy2) =0.00326(10)
Mc/sec. A detailed interpretation of these measurements together with those of Goodman and Childs on
the (5d°6s2) 2Dy, level yields a value for the quadrupole moment of Q=0.594(10) b without the Stern-
heimer correction. We are not able to obtain a consistent value for the octupole moment. From the Zeeman
effect of the hfs we find g;(2Ds2) =0.799 (1) and gs(“Fys) =1.334(2).

I. INTRODUCTION

HIS is the second of three papers dealing with the
hyperfine structure of several metastable electronic
levels in the naturally occurring isotopes of the group
Ib elements.! The measurements were made by the
atomic-beam magnetic-resonance method. In this paper,
we present the results and interpretation of the hyper-
fine structure of the (5d°6s?) 2Dj;5 and the (5d%s6p) *Fys
levels in Au” (I=%).2
The details of the apparatus have been described in
previous papers.? Briefly, the metastable atoms in the
beam were produced by cross-electron bombardment
of the ground-state beam. The source of the ground-
state beam was a cylindrical Mo oven with an inner
graphite crucible, heated to ~1750°C by means of
electron bombardment. The metastable atoms were
detected by causing the refocused beam to strike a
Cs-coated surface and then collecting the electrons pro-
duced by the resulting Auger de-excitation of the metas-
table atoms. The detector is sensitive only to the
metastable components of the beam which have exci-
tation energies 2> 1.8 ¢V (the Cs work function).

II. THEORY

We will write the hfs interaction Hamiltonian as

JChfs=ZTe(’°)-Tn"‘) with Te""=ZTB(’°’(i), (1)
k 7

where the ¢ summation is over all electrons and the
tensor operators 7,® and 7,%® operate on the space

* Present Address: IBM Research Center, Yorktown Heights,
New York.

t Present Location: New York University, University Heights,
Bronx, New York.

1 The first paper was A. G. Blachman, D. A. Landman, and A.
Lurio, Phys. Rev. 150, 59 (1966).

2 A. G. Blachman and A. Lurio, Bull. Am. Phys. Soc. 8, 9
(1963); D. A. Landman, A. G. Blachman, and A. Lurio, Brook-
haven Conference on Molecular and Atomic Resonance, Uppsala,
Sweden, 1964 (unpublished).

3See Ref. 1 and also A. Lurio, Phys. Rev. 126, 1768 (1962).
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of electron and nuclear coordinates, respectively. Since
I=% for Au"¥, we will need only the operators for
which k=1, 2, and 3. These nuclear operators are re-
lated to the nuclear moments by

ur= (B33 | T.W | B33 )=magnetic dipole moment,
2
ng(B%% | T.®, | 832 )=-electric quadrupole moment,

Q=— (832 | T.® | 832 )=magnetic octupole moment,

where | 332 ) denotes the nuclear state with my=% and
B signifies all other quantum numbers needed to specify
the nuclear state.

Using Eq. (1) together with a set of zero-order wave
functions | B3aJFmr) (a denotes all other quantum
numbers needed to specify the electronic state of the
atom) we can write the hfs term energy to second
order in a perturbation expansion as

We=W®+Wp®=h4(a])iK
[K(K+1)—57(J+1)]
87(27—1)

S SKH20K+ K[~ 417 (J+1) +27]- 75T (J+1)
6J(J—1)(27—1)

+hB(aJ) +hC(aJ)

+Wr®, (2)

where
K=F(F+1)— J(J+1) -2,

A(ad)= 2u1/3T) (@I T | Te®|alT),

B(aJ)=2eQ{aJJ | TP | aJJT),
and
Cla)=—QaJ T | T.® | aJJ)

are the magnetic-dipole, electric-quadrupole, and mag-

netic-octupole hfs interaction constants, respectively.

In the above equations we have taken I'=$% explicitly.

In cases where there are levels of the same F value
4 The presentation of the theory follows that developed by C.

Schwartz, Phys. Rev. 97, 380 (1955); 105, 173 (1957),
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arising from other nearby fine-structure levels, the second-order term Wr® may contribute significantly to the

energy. Explicitly, we have

W= 3! (83T Fm | Souss | B3/ J'Fm) LW (a]) =W (! J') T

(a’J7?)

$ J F||§ JF
=21 2
(@JIN)  kuke| J % BT % ko

X B3| Ta0 [ 85)(8% || Tu® || 83) () [| T2 [[ &/ J7)

X || T4 | oU’)] W (ad) =W (' J') I,

where W (aJ) —W (o' J’) is the fine-structure separation and the prime on the summation means that o’ J'#a J.
Since (I || T® [| 8I ) {aJ || T.® || aJ YK (BI || Tu® || BI )T || T || T ) and (BI || To® || BT ){aT || T || T ),
only the terms for which k; and ky=1 or 2 need be included and we obtain the result that

s JF
We®= D" [W(a])—W(dT) T
J

2

(a’J?)

Nleo

$ J F|[3 I F

+

J 3 1)]|J § 2

X@J || T.® [[ o/ ")+
J

III. EXPERIMENTAL PROCEDURE AND RESULTS

A careful plot of the metastable atomic beam inten-
sity as a function of the bombarder voltage was made
initially. As the bombarder voltage is increased from
zero, the metastable Au beam intensity (normalized
for changes in bombarder current) goes through two
maxima. These peaks, at ~5 V and ~10 V, indicate
the presence of at least two metastable levels. As shown
below, the lower peak corresponds to the production
of the (5d°6s?) 2Dj,, level. The broader upper peak cor-
responds to the production of the (5d°s6p) *Fy)2 level.
As a consequence of the selection rules for electric
dipole transitions, these two levels are expected to be
the lowest-lying metastable levels in Au (see Fig. 1).

Since I=3 for Au'", each fine-structure level splits
into four hfs levels for J>$% and into 2J+1 levels for
J<%.Ina weak magnetic field, each hfs level then splits
into 2F+1 sublevels. The ratios of the (degenerate)
Zeeman splittings (AE)p= | E(F, m)— E(F, m=1) |
within each fine-structure level are given by
(AE)r/(AE)p_1=gr/gr-1. By comparing the pre-
dicted ratios with the ratios of the observed transi-
tions which were maximized at the bombarder voltage
of ~10 V, the identification of the “Fg; level was
made. We also observed, at the higher bombarding
voltages, several additional resonances which we were
unable to associate with particular F and gy values.
We did not investigate these resonances further. At a
bombarder voltage of ~5 V, only one low field AF=0
transition was maximized. This indicated that the level

Hurla || TO [T )

20
7Rl [| T2l o)

$ J Fl,
56Qal || T |/ T2 | (3)
2

2

being excited was the 2Dy, level since for J=1, gr=
2(gs+gr), independent of F, and only one transition
is expected.

The identification of the 2D;;, and *Fy, levels was
corroborated by obtaining g; values from each of the
observed low-field (AE)y transitions. This was accom-
plished by using transitions between the Zeeman levels
of the metastable (3s3p) 3P, states of the zero-spin
isotopes of Mg to calibrate the field.

The hfs of the 2Dy, and of the *Fy, levels is shown
schematically as a function of applied magnetic field
in Figs. 2 and 3, respectively. The inversion of the
F=3 and F=2 levels had already been deduced from
the optical measurements of the hfs by von Siemens.5

Estimates for the zero-field separations were ob-
tained by following the (AE)r transitions up in mag-
netic field until they were completely resolved. Using
standard perturbation theory, the frequencies of these
resolved lines can be related to the zero-field hfs. A
successful search was then made to observe the
Av[(F, m)«>(F—1, m’)] transitions in such a low
magnetic field that all the transitions overlapped. For
the *Fy, level, we made a series of precision measure-
ments of the Av[ (F, 0)«<>(F—1, 0) ] o-transitions since
they are field independent to first order. For the 2Dj
level, all the Av[ (F, m)«>(F—1, m)] o transitions are
degenerate to first order in field and the precision
measurements were made on these overlapped transi-
tions in very low fields. The results for the two levels

8 W. v. Siemens, Ann. Physik 13, 158 (1953).
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Fic. 1. Energy-level diagram of the low-lying levels of gold.
The quantum number at the right of each level is the J value in
that level.

are given in Table I and typical resonance curves are
shown in Figs. 4 and 5. After making the small, second-
order field-dependent corrections for each line, we ob-
tain the following results for the hfs separations (Av is
the magnitude of the transition indicated in the paren-
theses) :

Av(*Dyp; F=3¢>F=2)=311.5473(2) Mc/sec,
Av(2Dyp; F=2>F=1)=1310.7555(12) Mc/sec,
Av(*Dys; F=1¢>F=0) =1110.9315(5) Mc/sec,
Av(*Fop; F=6c>F=5) =2233.7160(14) Mc/sec,
Av(*Fyp; F=5c>F=4) =2273.8874(6) Mc/sec,
Av(*Fqp; F=4e>F=3) = 2089.1430(4) Mc/sec.

The error quoted in each of the above results is three
times the standard deviation of the mean of all deter-
minations of that quantity so as to allow for a possible
unfavorable accumulation of errors in the relatively
small number of runs made.
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After these hfs intervals had been measured we re-
analyzed the intermediate-field Zeeman data in order
to obtain the g; values for the two states. From this
data we find gs(2Ds)=0.799(1) and g;(4Fype) =
1.334(2). These values are in very good agreement
with the theoretical values of gs(2Ds2)=0.7995 and
gr(*Fq;2) =1.3341 obtained by assuming no configura-
tion mixing in the levels.

From the transit time of the Au beam down the
apparatus, a lower limit of ~1 msec is obtained for the
lifetimes of both the 2D;/, and *Fy, levels.

IV. DISCUSSION OF RESULTS

A. Wave functions

In order to interpret the above results, the elec-
tron coupling in the configurations (core) (5d%s?) and
(core) (5d%s6p) which give rise to the 2D/, and 4Fyp
levels, respectively, must be investigated. We will treat
the problem from a single configuration point of view.
Within each configuration, however, we will estimate
the second-order contributions to the hfs from nearby
fine-structure levels since these are the ones that can
give contributions to within the precision of the meas-
urements.

my
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Fic. 2. Hyperfine structure and Zeeman effect of the 2D;p
state of gold. The Zeeman effect is drawn schematically and not
shown to scale.
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It will be seen that this approach is sufficient to
obtain consistency in much of the interpretation of the
bfs of the two levels. It appears to be inadequate,
however, to give a completely unambiguous value for
the magnetic octupole moment of the Au'® nucleus.

Since the (5d%6s?) 2Dy, 2Dse, and (5d°6s6p) “Fys
levels are the only ones with those J values in their
respective configurations, their wave functions are in-
dependent of coupling in the single-configuration ap-
proximation. The other wave functions of a given J
value in the (5d°s6p) configuration can be described
by orthogonal superpositions of all the wave functions
of that J value obtained from any complete set for the
configuration.

TasrLe I. Experimental hfs data and results for Aul.

(All units are Mc/sec.)

State F | M[(F,0)(F—1,001] wH |A[F-F—1]|
2Dz 3 311.5475 0.283  311.5473
311.5477 0.280  311.5475

311.5474 0.278  311.5472

2Dy 2 1310.7545 0.251  1310.7544
1310.7547 0.246  1310.7546

1310.7555 0.244  1310.7554

1310.7564 0.240  1310.7563

1310.7568 0.238  1310.7567

2Dy 1 1110.9321 0.227  1110.9320
1110.9315 0.225  1110.9314

1110.9314 0.222  1110.9313

1110.9313 0.219  1110.9312

Fop 6 2233.7339 9.06  2233.7159
2233.7160 1.12  2233.7157

2233.7168 1.13  2233.7165

2233.7180 1.78  2233.7173

2233.7148 1.13  2233.7145

4Fro 5 2273.8887 1.78  2273.8879
2273.8883 1.78  2273.8875

2273.8874 1.78  2273.8866

2273.8879 0.86  2273.8877

2273.9072 9.00  2273.8871

4Fors 4 2089.2087 8.99  2089.1433
2089.1439 1.45  2089.1430

2089.1505 3.00  2089.1428

As can be seen from the energy-level diagram shown
in Fig. 1, the levels are divided into two groups (which
are based, according to Platt and Sawyer,® on the
(5@°) 2Dy and 2Dgys levels of Au ). This results from
the fact that the Au spectrum exhibits approximate
J—7 coupling.® (Note that three of the levels that would
fall into the upper group have not yet been observed.)
The 7 value assignments for the individual electrons
for each level were made by Trees and Moore’ on the
basis of a comparison of the observed g factors with
those calculated by assuming that the j—; coupling is

8J. R. Platt and R. A. Sawyer, Phys. Rev. 60, 866 (1941).

7C. E. Moore, Atomic Energy Level, edited by C. E. Moore,

Natl. Bur. Std. (U.S.) Circ. No. 467 (U.S. Government Printing
Office, Washington, D.C., 1958).
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I16. 3. Hyperfine structure and Zeeman effect of the *Fgp
state of gold. The Zeeman effect is drawn schematically and not
shown to scale.
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in the order (((d%)s)p). Their results are reproduced
in Table II and, as can be seen, there is general agree-
ment. (In the table, dashes indicate that the level is
known but no observed g factor is available. The three
levels marked “absent” are the levels as yet unob-
served.) A further detailed analysis of the structure
of these levels would be prohibitively difficult in view
of the missing levels together with the general com-
plexity of the spectrum. Inasmuch as the gross struc-
ture of the configuration can be successfully described
by the (((d%)s)p) j-7 coupling scheme, we will assume
that the eigenstates can be approximated by the corre-
sponding wave functions.

B. The hfs Interaction Constants

From Eq. 2, the zero-field hfs intervals can be written
as follows, where Av is the magnitude of the hfs interval:

Av(2Dsjg; F=3<F=2)=—3A4 (2Ds;s) — B(?D3s)
—8C (2Dy2) + [ W2® (2Dyje) — W3® (2Dspe) ],
Av(*Dypz; F=2>F=1) =24 (*Ds2) — B(*Dyy2)
—28C (2Dyjo) +H[Wo® (2Ds)5) — W1 (2Dyps) ],
Av(*Dyjp; F=1F=0) = 4 (*D32) — B(*Dsy)
+56C (2Dyy5) +h[W1® (2Dsy2) — Wo® (*Dypo) ],
Av(Fyn; F=6c>F=5) = 6.4 (Faps) +2B(*Fop)
2L C(4F o)+ W@ (*Fo2) — Ws® (4Fyp0) ],
Av(*Fyp; F=5¢F=4) =54 (4Fy) — s B(*Fyjs)
— L C(*Fop) +i [Ws® (4Fo2) — Wia® (*Fp) ],
Av(*Fy;; F=4>F=3) =44 (*Fo2) —2B(*Fy)
+EEC(WFop) +H W@ (*Fyp2) — W3 (*Fop) J.  (4)
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Neglecting the second-order terms, we have
A (2Dy) =199.8425(2) Mc/sec,
B(2Dyp) = —911.0766(5) Mc/sec,
C(2Dsp2) =0.000221(14) Mc/sec,
A (*Fy5) =432.2827(1) Mc/sec,
B(*Fg2) = —539.9869(11) Mc/sec,
C(4Fy;) =0.00213(4) Mc/sec.

Evaluation of the relevant matrix elements allows
the hfs constants and second-order energy terms to be
expressed in terms of contributions from the individual
valence electrons. We have

A(*Dypp) = a(dsp),

B(*Dypp) = —b(dsp2),

C(*Dyp2) = c(dape),

A(*Fopp) =50a(s) +30(ps2) +50(dsp2),

B(*Fos) =(ps) —b(dss),

C(*Fopz) = c(pss2) +c(dspe), (3)
where the single-electron hfs interaction constants are
given by
a(b) = (2ur/3)) G55 | T | i)

=Juour | R(0) [2F,(0, 3, Z:) (1-8) (1-¢)
for I=0,
WI+1)

=§M0#I N

3G+

()L, g, Z:) (1—8) (1—¢)

for I>0, (6)
b(4;) =2eQ3ljj | T.®o | 31j7)
=[(%—1)/(2j+2)JeQ{r*)R.(1, §, Z3), @)
(1) =—Q7 | To®o | 347)
=0 for j=1,
2

R
(r) Tf(]-) %) Zl)
=0

= 5100

T

_A0-1) (1) (142)
(J+1) (5+2) (2j+3)

uo{r=)T:(1, 7, Z3)

for I>1. (8)

In these expressions, R(7) is the normalized radial part
of the electronic wave function, F,, R,, and T,*? are
relativistic correction factors, Z; is the effective nu-
clear charge, and the factors (1-6) and (1—e) are
corrections for the volume distribution of nuclear charge

8H. Kopfermann, Nuclear Moments (Academic Press Inc.,
New York, 1958).
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TaBLE II. Theoretical and observed g; values for the (5d)%s6p configuration of gold.
The theoretical g, values are calculated assuming jj coupling.®

Term J 9/2 7/2 5/2 3/2 1/2
(5ds/2) 2651726 p3s2
5d%s (J =3) 6p3se Theory 1.333 1.333 1.333 1.333
Observed see 1.372 .ee 1.422
5d%s (J =2)6p3 Theory 1.181 1.166 1.120 0.800
Observed cee 1.222 ves cee
(5d52) 2651726 prr2
5d%s (J =3)6py/ Theory 1.238 1.429
Observed 1.258 1.532
5d°6s(J =2)6p1p Theory 0.987 1.147
Observed 1.011 1.064
(5ds12) 965126 P32
5d%s(J =2)6ps Theory 1.200 1.187 1.147 0.867
Observed Absent 1.30 “ee Absent
5d%s (J =1)6p3 Theory 1.000 1.111 1.889
Observed ves oee Absent
(5d3/2) %6516 172
5d°6s(J =2)6p12 Theory 1.013 1.187
Observed 0.984 1.16
5d%s (J =1)6py2 Theory 0.556 0.444
Observed cee e

8 See Ref. 7, Vol. III, p. 187,

and current, respectively. The matrix elements needed
to calculate the various contributions to Wr® are given
in the Appendix.

The following procedure was used to estimate the
single-electron coupling constants. Values of a(ds) and
b(ds) for the 2Djy) level can be obtained by ignoring
the small second-order corrections to A(2Dss) and
B(2Dsy2), respectively. With these uncorrected hfs in-
teraction constants the second-order energy corrections
are obtained from Eq. (3) and substitution of the
results into Eqgs. (4) gives the corrected hfs interaction
constants. (One such iteration was found to be suffi-
cient.) The corrections to A (2Ds;) and B(2Ds) are
negligible to within the uncertainty in the first-order
values but C(2D;e) is changed, its corrected value being

C(2Dy2) =0.000212(14) Mc/sec.

To obtain the single-electron coupling constants for
the 4Fy); level we can use Egs. (6) and (7) to give the
relations

b(pap) _ R4, $,75) F,(2, 3, 69) B(*Dsp) 134

a(pse) R.(2,%,69) F.(1,3,75) A(®Ds) B

b(dsp) 10 R.(2, §, 69) Fi(2, §, 69) B(*Dspa) 134
34,

a(dyn) 3 Ri(2,%,69) Fr(2,§, 69) A(Dy)
where Z;=Z—4 and Z—10 for a p and d electron,

respectively.®® Together with Egs. (5), then, we have
two equations with three unknowns which we can take
to be a(s), a(pspe), and a(dse). These unknowns can
be estimated separately from the measured hfs of the
(5d"6s) 2Sy2 ground level,'® the (5d'%6p) 2Py, level?
and the (5d°s?) 2Dy 50 levels,? respectively. Assum-
ing such a value for each of the a’s in turn we get
three cases, the results for which are shown in Table
IIT. A4, AB, and AC are the corrections to the hfs
interaction constants and, except for AB case 4, each
is substantially the same for the three cases. In these
calculations, we have neglected the possibility of a
near degeneracy (| W(*Fyz) — W () | $500 cm™) of
the unobserved J=7% level with the 4Fy; level. The
state | as %) is defined in the Appendix. The general
structure of the configuration makes this unlikely, how-
ever. Taking the average for each correction, the cor-
rected hfs interaction constants are

A(*Fq;) =432.276(1) Mc/sec,
B(4Fyp2) = —540.026(17) Mc/sec,
C(4Fy2) =0.00326(10) Mc/sec.

8 The proper choice of Z; is discussed by W. J. Childs and L. S.
Goodman, Phys. Rev. 141, 176 (1966).

10 E, Recknagel, Z. Physik 159, 19 (1960); G. Wessel and H.
Lew, Phys. Rev. 92, 641 (1953).
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TasLE III. The individual-electron hfs interaction constants and
second-order energy corrections. (All units are Mc/sec.) Case i:
a(s) estimated from (5d96s) 2Sy. level hfs. Case ii: a(ps) esti-
mated from (5d'%6p) 2Py, level hfs. Case iii: a(ds2) estimated
from (5d%6s?) 2Dg/2,5/2 level his,

a(s) 3050 3389 3365
a(par) 81 38 41

b(psr) 1058 497 536
a(dsr) 120 78 80

b (dss) 1598 1037 1076

AA (4Fyp) © —0.0063 —0.0063 —0.0055
AB(4F o) P —0.0184 —0.0528 —0.0504
AC(4Fqp) © 0.00107 0.00120 0.00112

8 AA (4F9/2) = A (4F9)2) (corrected) —A (4Fo/2) (first order).
b AB (8Fs2) = B (4Fy2) (corrected) — B (+Fyy2) (first order).
© AC (4F9/2) = C (4F9/2) (corrected) —C (4Fy;2) (first order).

The major source of error in the above values lies in
the uncertainty in the electron coupling within the
configuration together with the neglect of any inter-
configuration mixing.  ¥* - [

An analysis of the (5d°s?) 2D term hfs has been
presented by Childs and Goodman® who measured the
hfs of the (5d%s?) 2Dj/, level. As they have shown, the
values of the 4 constants and the ratio of the B con-
stants for the two levels are in good agreement with
those predicted from the known values of ur and (r=3 )34,
the latter being obtained from the fine-structure split-
ting of the 2D term. This indicates that the 2D term
arises almost completely from the (54%s?) configuration
and therefore that core polarization effects should be
small for these levels.

C. The Nuclear Electric Quadrupole Moment

The value of the nuclear electric quadrupole moment
can be obtained from the ratio B(2Ds) /A (2Dyy) :

F.(2, 3, 69) B(*Dys)
T(ZJ %7 69) A(2D3/2)

_ _16pam
0=-3— (1=9)(1-9

=0.604X10-2* cm?.

The corresponding result calculated from the 2Dg level
hfs is given by Goodman and Childs to be

0=0.585X10"2* cm?.
Averaging the above values gives

0=0.504(10) X 10~ cm?.
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This quadrupole moment does not include the Stern-
heimer correction.!!

D. The Nuclear Magnetic Octupole Moment

From the expressions for the radial integrals derived
by Schwartz,* we can relate ¢(Z;) to e¢(J;) and obtain
the following equations for the nuclear magnetic octu-

pole moment.
(i) From the 2Dy level hfs:

ﬂlﬂ (%)2 F.(2, 3, Z) c(dsp)
51T TT(Z) %; Z) d(dz/z)

=0.0098(7) X102 nm cm?.

(ii) From the 2Dj; level hfs [we have taken the
values of ¢(ds/2) and a(ds2) from Goodman and Childs]:

___75_6”;1 (@)2 FT(27 %7 Z) C(dﬁ/Z)
257 T.(2, 5, Z) a(dsp)

=0.06(6) X10~* nm cm?.

(iii) From the *Fys level his: In this case we use
the value of ¢(dz2) obtained from the 2Dj, level hfs
to estimate c¢(dss) =0.000065 Mc/sec. Subtracting this
from the corrected value of C(*Fyp) gives

c(ps2) =0.00319 Mc/sec.

The expression for Q2 is

2 F.(1,%, Z
Q= 7’”() (1,3, 2) c(ur) =0.13X10% nm cm?,

TT(1) 2y Z) G(P3/2)

where the average of the three values of a(ps) given
in Table ITI was used. Z=79 was used in the above
calculations. The choice of Z in these calculations is
very uncertain. If one were to use Z=69 then the
values for the octupole moment would become: (i) 2=
0.014(1) X102 nm cm?, (ii) ©=0.08(8) X102 nm
cm?, and (iii) ©=0.18X102 nm cm? The errors
quoted in cases (i) and (ii) include only experimental
errors.

As noted above, the analysis of the 4 and B factors
for the 2Dy, and 2Dy, levels by Goodman and Childs
fails to reveal the presence of any configuration mixing
in the 2D term. It follows that core polarization correc-
tions to the values for Q obtained for cases (i) and (ii)
should be small and hence that these values should be
relatively reliable. The fact that these values agree
within the stated errors lends support to the conclusion.

LR, M. Sternheimer, Phys. Rev. 80, 102 (1950); 84, 244

(1951) ; 86, 316 (1952) ; 95, 736 (1954); 105, 158 (1957).
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The value for Q obtained from the 4Fy, level hifs is
roughly an order of magnitude larger than the D state
results. There are, however, several possible causes for
this disagreement.* Firstly, there is the approximate
nature of the theory relating a(/;) to ¢(Z;). Secondly,
the uncertainties in the values of a(ps2) and c(psp)
are large. The spread in a(ps.) in Table IIT indicates
an uncertainty of ~50% in its average value. In addi-
tion, the deviation from the assumed (((d%)s)p) j—5
coupling scheme within the configuration must be taken
into account. Thirdly, there is a possibility of a near
degeneracy of the unobserved J=7% level with the ¢Fy
level. Fourthly, core polarization (i.e., configuration
mixing) corrections may be considerable. A satisfac-
tory analysis of these possible sources of discrepancy
requires an analysis of the Au spectrum that is much
more complete, however, than that which is at present
available.

The smaller value of @ is supported by the fact that
the nuclear magnetic dipole and electric quadrupole
moments are fairly well predicted by the hypothesis
that they arise entirely from a 2d;s! proton configura-
tion.”? The corresponding prediction for € is —0.025X
1072 nm cm? [assuming (7 )nucleus~2 (0.13541/3)2X
102 cm?], favoring the value obtained from the 2Dj,
level measurements.

APPENDIX

The following notation will be used to describe the
wave functions for the various j-j coupled levels of the
(5d%s6p) configuration:

]a]m)= | (J1, J2) Jrz, Ja; Tm).

Ji denotes the resultant angular momentum of the
unfilled group of equivalent d electrons, J, and J;
denote, respectively, the angular momentum of the s
and p electrons, Jy» denotes the values obtained by
coupling J; and J,, and J denotes the total angular
momentum of the state obtained by coupling Ji, and
Js. Since these couplings involve nonequivalent groups
of electrons, all vector coupling values of Ji» and J
are allowed. The various levels are also distinguished
by the labels a; and B; to facilitate their identification
in Fig. 1.

2 E. Feenberg, Shell Theory of the Nucleus (Princeton Uni-
versity Press, Princeton, New Jersey, 1955), p. 48.

HYPERFINE STRUCTURE OF Aut?e” 67
We have:
|a1%m)= l (%) %)3; %J %m>’
la2%m>= I (%7 %)27 %: %m>;

| asgm)= [ (3, $)3, %; Im),

ladm)=| (}, $)2, §; Im),

| B3m)=| (3, $)3, %; $m),

[B3m)=| (}, $)2, §; §m),

| Bs3m)=| (3, $)3, 3; $m),

|Bm)= [ (3,%)2, §; 3m),

| Bsgm)=| (3, )2, §; $m),

| Bs3m)=| (3, $)1, §; 3m),

| Bgm)=| (3, $)2, ; 3m).
The relevant matrix elements are then given in terms
of the single-electron coupling constants as follows:

G T2 || g )=3(3)"*[a(s) — 6a(pss)
+5a(dsp) Jur™,
@ T || ced)=—3(3)"*[a(s) —a(dsp2) Jur™,
G T || asd)=—13(3)E(p) a(pae) 7Y,
G T || aug)=—18E(d) a(dspe) 7t
G To® || and )= — (D) V[0 (pa2) +3b(ds2) 1O,
G T2 || and)= (35) 26 (ds2) 07,
G T2 || ast)=— (3D (p)b(p2) Q7
G To® || asd )= —3(5) " (d) b(ds2) 07,
G T2 85)=5)[Sb(ps2) — b(ds2) IO,
G T2 B3)=—(F0)*b(ds2) Q7
G T2 | Bs5)=20C)"n(p)b(ps2) Q7
G T2 || B3 )=0,
Gl To® || Bs3)=0,
G T2 || B3 )=3n(d)b(ds2) 07,
G T2 | B13)=3() " (d) b(ds2) Q7

¢ and 7 are relativistic correction factors (~1).4
For the (5d°6s?) 2Ds;s 372 levels we have

(D5 || To® || 2Dy )= — pr 1% (15) V%0 (dspo)
(Dspp || To® || 2Dgja )= Q15 (34) 2nb (dspo) -



