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A time-of-flight, atomic-beam magnetic-resonance method was used to compare the g~ factor of 2p'3s 'S2

atomic oxygen with the g~ factor of metastable 2 S, atomic helium in magnetic fields of 3209 and 4228 G.
The metastable oxygen and helium atoms were produced in a pulsed radio-frequency discharge source and
after traversing the apparatus were detected by electron emission from a tungsten surface. By collecting data
only in a given interval of the time-of-flight distr'ibution the 0('S) and He(3S) states were isolated from other
discharge products. From 158 pairs of resonances taken with four relative field and hairpin orientations the
atomic magnetic g factor is gJ('S2, "0) = p,~/J = —2.0020910(10).

I. INTRODUCTION

The present measurement stems from an unex-
pected observation. When beam- source develop-
ment studies were initiated to produce metast3ble
N('S, &,) atoms from dissociation of N„a,velocity-
selected Stern-Gerlach deflection experiment
showed two magnetic moment peaks at 4 p, p and
2 p, p rather than the expected three peaks at 5 p, p,
3 p„and

leap

The cause of this discrepancy w3s
traced to the presence of 0('S,) metastable atoms
made from 0, which entered the gas-handling sys-
tem from the atmosphere by permeating a short
section of plastic tubing. Although this interfer-
ence was easily eliminated, the strength of the
0( S,) signal and the intrinsic interest in atomic
oxygen as a constituent of the atmosphere and as
a test case for multielectron atomic theory com-
pelled the precision measurement reported here.

The ground-state configuration of atomic oxygen
(1s'2s'2@~) produces two metastable levels 'D, and
'Sp above the 'P, ground state. These states have
energies 1.97 and 4.18 eV and lifetimes =150 and
=15 sec. , respectively. Another state 'S, is the
lowest quintet state of the configuration
1s'2s'2P'3s and lies 9.14 eV above the ground
stete. ' Three independent lifetime measure-
ments of 0('S,) yielded 185 +10,' 170 +25,' and
180 + 5 p, sec, which are consistent with a theoreti-
cal calculation of 192 p, sec. '

Throughout this paper all gJ values will be
quoted using the convention g~ = ij, ~/J. This con-
vention is consistent with that used for nuclei and,
therefore, provides a uniform convention for the
sign of a g factor. The negative sign for the free
electron (g, =- 2) indicates the magnetic moment
and angular momentum point in opposite directions.
In 1949 Kiess and Shortley, obtained the value
g ('S„"0)= -1.999(2) (Ref. 6) from the Zeeman
pattern of the visible spectral lines of oxygen.

Eighteen years later Brink observed oxygen in
an atomic-beam apparatus and compared the reso-
nant frequencies of 'S and 'P states to obtain
g~('S„"0)= -1.97(5).' In addition to using a mass-
spectrometer detector, Brink observed from his
source two spectral lines 3947 and 7774 A that re-
sult from transitions which terminate in the S,
state.

The magnetic moment of the comparison helium
state used in the current measurement has a long
history of study by many techniques. When the
present experiment was in progress the best value
of the gz('S„He)= -2.002237 35(60) was from a
previous measurement in this 13boratory. ' Re-
cently, two new values have been published:
g~('S„'He)=-2.00223755(20) (Ref. 9) from an op-
tical pumping experiment and g~('S„'He)
= —2.00223745(14) (Ref. 10) from an atomic-
beam exper iment.

In the absence of nuclear spin 3nd neglecting
terms quadratic in the magnetic field, the energy
levels shown in Fig. 1 are given by the expression

g J /pm JB. When &m J = +1 transitions are ob-
served, the g-factor ratio

g~('S„"0)/g~('S„'He)= v("0)/v('He),

where the v's are resonant frequencies in a com-
mon magnetic field. Justification for neglecting
possible terms quadratic in field rests partly on
theoretical and partly on experimental evidence.
The nonrelativistic interactions of an atom with the
external magnetic field are separated into terms
linear in field

W'„=(e/2m)B (L —gS)

and quadratic in field, ~

W'~ = g r', si 'n, e,
sm

where y,. and 8,. are the polar coordinates of the ith
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II. EXPERIMENNT AND PROCEDURE

The atomic-beam am appartus em 1

d 'bd previously. ""M

obser
ys owninpi g. p

e magnet the undef
ygen resonances.

lected and
un eflected m =Q s

re i
oug the C-

nsi ion from this
g i ion

state occu

if
a stop wire. 0

si ion region the m
a ransition either to m
d fl
atoms

ag
si e of the sto

Th

top w ; and t
e ytheAu erg

(a) both the kn
n as the folio

c or.

ha

ges

th rajectory throu g
flop-in re

- re-
serv

a g ond, i.e. th e
q y ppo

i ion; (c) sin le,.... .,..„ dre etected in inte r; anin egral J atoms; and

oE",„=(Zn)' (2 'S,
!

E —, r',.sin'8,
!
2 'S, )

= 2.4 x 10-'(Hz/G')B'

1=0

mF= mJ

hF =0 bm =+
F

=

I=O (b) F
=

ZITIJ
2

TUNCAY INCESU AHSAN Ul, HU Q, AND Ho&ARD

0 is the direc '

A. SH VGA', T

thF =0 Qm =+

FIG. l. Schematic of ener
l l d'd

23S st
in uced transitions

ie for Zee-

state of helium and (b ~ o a
F=I+J.

an (b) the ~S2 state of ao atomic oxygen.

Ill
l . AUGER

. DETECTOR

O -O
I .STOP -WIRE

0.025 ' f

A C

Magnet ~ M

B

source

o net Mognet
~RI, HalRPIM I0.011"

I~~
t., t., t..
t

E~H 4~H

4z 4z
=0

4H 8

FIG. 2. Tr
4z

rajectory geom
of the atomi -bic- earn a

metry and field nf
pparatus used in th

co iguratio

tecto
T

tor is about 2.5 m
ance fromom the source to the de

J



g~ FACTOR OF METAS TABI. K ' S~ ATOMIC OXYGEN USING. . .

(d} the method is independent of the differences in
deflection characteristics of the two species.

Both 'S, helium and 'S, oxygen were produced in
a pulsed 50-MHz radio-frequency discharge tube.
The active regian of the discharge tube, 22 cm
long and 0.8 cm in diameter, was bent into a U

shape. A slit 0.005 in. wide and 0.160 in. high in
the convex side allowed escape of the metastable
beam. The radio frequency through the tube was
pulsed on for 40 p, see about 150 times per second.
This procedure permitted the time of flight to the
detector to be used as a discriminator against
photons, high-velocity atomic states, and low-
velocity molecular states. The cold tungsten
cathode surface. of a Bendix magnetic electron
multiplier emits electrons only when struck by
sufficiently excited atoms and thus further dis-
criminates against ground-state atoms and mole-
cules. Any charged particles in the beam are de-
flected from the beam by the various apparatus's
magnetic fields.

Magnetic field stability and homogenization in
the C-magnet region were achieved by using two
Klein-Phelps-type nuclear-magnetic-resonance
(NMR} systems. " One field-modulated system
locked the C field to a particular value while a
second frequency-modulated system allowed map-
ping vertically and horizontally along the beam.
The first probe was fixed in position about 2 in.
below the beam while the second probe was attach-
ed to the movable radio-frequency hairpin struc-
ture. By iterating a procedure of mapping the
field and setting correction currents in eight shim
coils," it was possible to reduce the inhomogeneity
along a 2-in. length of the beam from 60 ppm to
less than 1 ppm.

Radio frequency for inducing transitions was
generated by an X-13 reflex klystron oscillator
which w'as locked to harmonics of a HP 5105A fre-
quency synthesizer. The output of the oscillator
passes through a traveling-wave tube amplifier
and power leveler befor'e arriving at the 50-0
terminated hairpin structure (see Ref. 16}where
transitions in the beam are induced. Thefrequency
was generated and measured to at least 1 part in
10' and was based upon the atomic time scale of
station WWVB at 60 kHz. The two frequencies for
helium and oxygen at 3209 6 were 8990.3 and
8989.6 MHz, while at 4228 G, they were about
11 845.5 and 11844.7 MHz, respectively. These
pairs of frequencies were sufficiently close to-
gether so the klystron could be tuned from one to
the other by changing only the repeller voltage.

An on-line PDP-11 computer controlled the tim-
ing, apparatus parameters, time of flight, and
resonance data collect;ion for the experiment.
During data taking with 40 psec/channel and a 2.5-

III. DATA ANALYSIS

In data collection and searching for systematic
effects 372 individual helium and oxygen resonan-
ces were collected and fitted by least-squares
methods to a Lorentzian line shape with a constant
background. The resonance amplitude, peak fre-
quency, and width, as well as the background, were
determined. Figures 4 and 5 show examples of
fitted oxygen and helium resonances. All resonan-
ces used to determine optimum rf powers were
discarded, and only five other oxygen resonances

OX 528

6000-

K'c 4000-
O

I-
X

2000—

0
0 l0 20

CHANNEL NUMBER
50

FIG. 3. Time-of-flight distribution of metastable dis-
sociation fragments from 02. Data-collection time was
10 min. The peaks between channels 6 and 30 correspond
to ~$2 atoms.

m-long apparatus, the time-of-flight spectrum
corresponding to the 'S, state of oxygen falls be-
tween the 6th and 30th channels, while most of the
'S, helium atoms fall between the 14th and 35th
channels. With this data-collection arrangement
the inverse relation between observed linewidth
and traverse time in the radio-frequency region
was easily demonstrated. Figure 3 shows a sample
'S~ oxygen time-of-flight spectrum. For resonance
data collection we used only those atoms which
arrived at the detector between channel 10 and
channel 35, since this range included most of the
slower 'S, oxygen atoms and the entire '$, helium
peak. Alternately, the helium and oxygen resonan-
ces were scanned and recorded at 20 discrete fre-
quencies. Adequate data were collected in 2 or 3
min on helium and in 10 to 15 min on oxygen.
Usually six oxygen resonances imbedded between
seven helium resonances were taken before alter-
ing the experimental conditions.
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accurate theoretical computations have been pub-
lished with which the measurement may be com-
pared. However, after preliminary results were
obtained, " Hegstrom, using an approximate but
simple computation which works well for '8, He,
found that the same procedure predicts the '8,
oxygen g» to within 10 ppm. "

The combination of time-of-flight detection with
an atomic-beam magnetic-resonance apparatus
proved to be a sensitive technique for separating
a particular discharge fragment from photons or
other species affecting the beam detector. Addi-
tionally, the method allows limited control of the
magnetic-resonance linewidth by selecting the vel-
ocity interval detected.
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