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The hyperfine structure in the 'S1/2 electronic ground state of K4' (12.4-h) has been studied using a high-

precision atomic-beam apparatus. The hyperfine separation is shown to be Av= 1 258 876 947 (15) Hz. The
nuclear magnetic dipole moment, measured independently of bv, is pl = 1.142 4(2) pN. The hyperfine mag-
netic anomaly is evaluated as 39542=+0.000 3+0.003 36(38) .

I. INTRODUCTION

lHE hyperfine structure of K» (12.4-h) has been. .studied previously" with the determinations of the
spin (I=2) and a value of the magnetic moment

( —1.141&0.033 p&) which permitted only a crude value
of the hyperfine anomaly. The purpose of this investiga-
tion was to determine the anomaly with greater preci-
sion. The basic technique used is that of atomic-beam
magnetic resonance with the equipment previously
used at this laboratory. '4

The K~ was prepared by irradiation of natural
potassium metal in the Brookhaven Graphite Research
Reactor for 48 h in a neutron flux of about 10"n/cm'
sec. During the experiment the resonance line of the
field-dependent transition(AF= 0) for K" was used to
monitor the beam intensity and the C magnetic field
strength.

The principal feature of the magnetic-moment
determination lies in the fact that the measured dif-
ference in frequency between the transitions a, (-', , $)~
(2, -', ), and P, ($, -', )~(—',, 2), is exactly equal to 2grpa&/&.
Furthermore, these two transitions have frequency
minima at nearly the same magnetic field (about
189 G), so that the resonance line is not appreciably
broadened by field inhomogeneities. Also, a Ramsey-
type separated oscillating held resonance can be
observed. Furthermore, the gq dependence of these
transition frequencies is small enough to secure the
precise measurement of gI. This same pair of transitions
can be used for a determination of bv. The parameter
hv can also be determined independently from the
transitions b and y, (2, ~-', )~(—'„W-,'), in the vicinity
of ~ G. The consistency of these two sets of transitions
at different values of the magnetic field serves as a
check against possible systematic errors due to the
apparatus.

t Work performed under the auspices of the U.S.Atomic Energy
Commission.
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II. RESULTS

In order to evaluate the data for determination of the
hyperfine magnetic interaction constant A L=hhv/
(I+-', )j and gr, one must note several factors: (1) The
magnetic field is not uniform over the entire trajectory,
(2) the separated rf loop method can indicate an aver-

age resonance frequency over the trajectory between the
rf loops, and (3) the frequencies v and vp are quadratic
in the field increment H —H;„, where H; is the value
of H at which the frequency minimum occurs.

The held-calibrating frequency in K" is closely
approximated by a linear function in the region 188.77—
188.80 G. The arithmetic average of v39 can therefore be
used to evaluate the average H, which in turn enters
into the calculation of gr. In performing the experiment
a value of H is chosen so that the average H is midway
between the minima of v and vp.

To evaluate the constant A from the observed transi-
tions v and vp, one must evaluate (H H; )' over th—e
region between the rf loops. Figure 1(a) shows the
behavior of v» along the trajectory. Figure 1(b) shows
the behavior of v .

In order to evaluate the constant A we dehne a
parameter H, as that value of a uniform held which
will produce frequencies v and vp equal to the average
frequencies observed. We use an iterative procedure,
starting with the average H and continuing until the
increments are less than 1 mG. In this we utilize the
computer program z2—6600 developed by the Atomic
Beam Group' at the University of California to provide
all the frequency tables, and Argonne National Labora-
tory's6 computer program r126 to evaluate A and gz by a
least-squares fit to the data. In the example shown io
Fig. 1, H, —HA„ is 6 mG.

Table I summarizes the observed data and calcula-
tion. Column 1 identifies the run, and column 2 identi-
fies the designation of the transition involved. Column 3
indicates the observed frequency determined visually
from a graphical plot of the data with linewidths about
1.2 kHz. Frequencies are referred to atomic time

' Kindly supplied by Professor H. A. Shugart.' This program was kindly supplied by L. S. Goodman, Argonne
National Laboratory.
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TAar.x I. Summary of results of observations and calculations.

1
Run No.

High
field

H2

H3

H4

H5

H6

H7

H8

H9

H10

H11

H12

H13

H14

H15

H16

H17

H18

H19

H20

H21

H22

Low
Geld

Lib

L2a

L2b

L3b

2
Transition

gobi
(Hz)

1 148 000 000
plus

298 195{50)

134 015(75)

289 185(50)

134 025(50)

298 215{75}

134 055(75)

289 235(75)

134 055(50}

298 245{/5)

134 025{50)

298 195{50)

134 025(50)

298 205(50)

134 025{50)

298 195(75)

134 023(50)

298 253(75)

134 040{75)

298 195(50)

133 995(50)

289 205(50)

133 995(50)

1 258 000 000
plus

877 665(75)

878 165 (75)

87/ 681(75)

878 189(75)

877 737(75)

878 253(75)

Hav
(G)

188+

0.782{7)

0.781(7)

0.787(7)

o.787(7)

0.786(7)

0.787(7)

0.786(7)

0.787(7)

0.786(7)

0.786(7)

0.786(7)

0.782(7)

0.782(7)

0.782(7)

0.782(7)

0.782(7)

0. /82(7)

0.783 (7}

0.782(7)

0.781(7)

0 ~ 782 (7)

o.781(7)

O. 575 (7}

0.575(7)

0.585(7)

0 ~ 585(7)

0.592{7)

0.592(7)

5
H,
(G}

O. 789 (7)

o.772(7)

0.793(7)

0.778(7)

o.793(7)

0.778(7)

0.793(7}

0.778(7)

0.793 (7)

O. 777(7)

0.793(7)

0.775{7)

0.789(7)

0.775(7)

0.789(7}

0.775(7}

o.789(7}

o.776(7)

0.789(7)

0.774(7)

0.789(7}

0.774(7}

o.576(7)

0.576{7)

0 ~ 586(7)

0.586{7)

o.593(7)

0.593(7)

~obs &oal
(Hz)

—18

12

36

32

36

20

—26

—26

—25

39

—41

Results: 2 = —503 550 7/9(5) Hz, gl=3. 106 72(45) X10 4, with y'=3. 4 for 28 observations.
Assuming: p~/h=1. 399 677, gq(E) =2.002 295, m~jm, =1836.125.

through the National Bureau of Standards trans-
mission from station %%VL. The figures in paren-
theses indicate the estimated uncertainties. Columns 4
and 5 list the values of HA„and H„respectively.
Column 6 lists the diGerence between the observed
frequency and that computed using the final values of
A and gg and the constants listed at the foot of the
table.

From Table I, the final results are
A= —503 550 779(5) Hz

and
g~=3.106 72(45) X 10 ' (in p~),

with z'=3.4 for 28 observations. However, if only the
high-field measurements are used, we have

A= —503 550 780(5) Hz
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283.2-

-I 88.8
~4

Ol C9283.0-
X

-I88,7

o 08SERVEO v FREQUENCIES

AVERAGE I FREQUENCY

= 283.090 MHz

field, we find agreement within the stated uncertainties.
We may, therefore, have confidence that systematic
errors due to rf phase shifts, irregularities in magnetic
field, and similar effects are negligible.

Using the frequency difference of each n and P pair
and the average value of IIA„ from the same pair for all
high-field measurements in Table I, we obtain

gr=3.106 '14(43) X 10 4.

282. 8-
f~ I

POS ITI ON OF r f LOOPS

tV

200-I
O

a 00
CV

I80-

~rr
= I88.793 G

l48 298 l76 Hz

Within the uncertainty, this result agrees with that
given previously.

In conclusion, we may state that the over-all results
of these measurements yield values for K~ of

&= 1 258 876 947 (15) Hz
and

pr= —1.140 87(20) pili

= —1.142 39(20) pir (with diamagnetic correction'),

CALCULATED v4~ AS A

FUNCTION OF POSITION

F1G. 1.Effects due to variation of magnetic 6eld intensity along
the beam trajectory in the c-6eld region. Sections 1—5 represent
the locations of the various transition loops. The "Ramsey"
interference pattern was produced by loops 1 and 5. (a) Solid
curve shows the frequency of the calibrating transition in K~
{AF=O) with the solid point as the average frequency. (b)
Curve shows the calculated frequency for the fIIeld distribution as
shown in (a).

gr
——3.106 73 (45)

with p'=2. 5 for 22 observations; and if only the low-
field measurements are used, with a fixed value of
gr= —3 206 72&20 4, we have

A= —503 550 769(13) Hz,

with F2=0.3 for 6 observations.
By evaluating A from two different groups of data

obtained at widely differing values of the magnetic

where the stated uncertainties are standard deviations.
Using A (K39) =230 859 860(6) Hz s and g (K+) =

—1.419—44(22) X 10 4,' the hfs anomaly of K4' relative
to K39 is given by

3gA42= 0.003 44 (38) .
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