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ABSTRACT
" We report prééision atomic beam measurem"ents whicth).'ield a
value for the helium-hydrogen g-factor ratio:
g;(He,2 °S,)/gs(H,1 ?$) = 1 - 23.25(30)x107°
This value is inrvery good agreeﬁxent with theory, and with an ~ |
earlier, less precise atomic beam measurement; it ‘is" 1n serious
dis_agreement, however, with a recent optical pumping ;determinatiqn

which had seemed to cast doubt upon the adequacy of the theory.
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For the past few.decades;'the properties of simple atomic
systems have been a subject of enduring interesf; One reason is
that for such systems,'Quahtum electrodynamics makes predictions
vwhich are sufficiently clear to allow definitive-testS'of the
‘theory. In particular; atomic g-factors of simple systems'have
been subjected to close SCrutiny; .Recently; Ledﬁc; Lalde and
Brossel' carried out a very careful measuremenf of the ratio
_ gJ(He,Zssl)/gI(Hea), with the objective of deducing a more precise
value for the metastable-helium; ground-state hydrogen g-factor
ratio: [g;(He,2°5))/g;(H,%5)]. Combining their results with
thoée of otﬁer'researchers, they found a value for the helium-
hydrogen g-factor ratio which differs from the theoretical value
‘by three and a half standard deviations. Leduc and eow0rkers
speculated that higher order terms which'had been neglected in
the calculation by Perl and Hughes? could be responsible for fhis
vdiserepancy. This speculation stimulated two new calculations;
the calculation of Grotch and Hegstrom’ and that of Hughes and
Lewié” agree very well with each other, and with Perl and Hughes..
The,caiculation of Grotch demonstrates that the ferns neglected
by Perl and Hughes are an order of magnitude too small to account
for the discrepancy observed by Leduc. o

The value obtained By Leduc is also in mild diségreemeht Qith a_' ;'¥f
direct atomic beam measurement carried out by Dreke, Hﬁghes, Lurio

and White® fifteen years ago. In order to clarify the experimental-



sifuation” we'Undertook a:series'of atomic. beém measuremEnfS'of )
the rat1os gJ(He 2 S;)/gJ(Rb S;) and gJ(He 2 S;)/gJ(Cs, S%),
comblnlng our results with the high prec151on optlcal pumplng
' 'measurements of Robinson and his ccworkers,6 we obtaln two
independént values for the helium-hydrbgeh g-faétdf-fatio. These.
,Valﬁes are'iﬁ.agreeﬁent with each Other; and with all three
'calculationsi'theY'a150'agree with the'earlier direct atomié-beam
'measurement, but are about.three times more brecise, Our'résults,
however, differ from those of Leduc, et al. by three times their
assignéd error or five times our assigned error.

~ The atomic bean magnetic resonance techﬁique‘uSed in our
measurements has beén deséribed in detail elsewhere.’ Here it is
éufficient to mention the ﬁOVel features of thié experiment. In
.making’g-factOr ratio measuréments, it is necesséry to meaéqré a
"transition frequency at thevsame-valuc of thevapplied magnétic
field in each of the twb species under study. Tt is usual to make
these measurements sequentially. Here, by appropriately chobsing
the géometry, the transitions, and the field strength, we observe
both tran51t10ns 51mu1taneously The geometry is shown 1n Flgure 1.
" The electron gun which metastabilizes a small fractlon of the he11um
beam is laterally displaced from the oven ‘which prov1des the -alkali
beam. The two'beamsvare simultaneously detegted on Auger and hot-
wirebdetectors,'respeétiveiy;"The.pbsifions_of the sources; hairpin;

stops, and detectors allow only "'flop-out" trahsitions to be



“observed on the helium beam; and "flop-in" transitions to be
obserVéd on the alkali beams;' In order'to:make it possible to
induce both transitions with a singie rf signal applied to
the héirpin, the magnetic field strength has been chosen so that
bothttransifions occur at essentially the same frequency. This -
arrangement eliminates uhcertainties'arisingvfrom possible
differences in the.Spatial distribution of the Tf power causing

| the two transitions, and guarantees that the transitions are

observéd under identical field conditions.
Another’major improvement'pertains to:the'homogenéity of the

- field applied to‘the transition région.' In earlier measurements

on the gj-factor of nitrbgen, systematic shifts were 6bserved that

depended upon the history of the applied field®. it was speculated
that hiStofy—depehdehtrinhomogeneify was responsible for these

shifts. To eliminate this source of error, shim coils were used

to flatten the field over the hairpin to within 2 or 3 parts in 107.

In order to carry ouf the field fiattening, in addition to the shim
coils{vWe constructed two NMR systems; one system was used to map
the field to a part in>10?, while the field remained locked by

the other sfstem. our first measurements, made without flattening

thebfield, contain systematic shifts of 2 or 3 parts in 10°. Our

final data also contains systematic shifts, but their relative size

is redUCed'by’an order of magnitude or more.

In all, 0Ver’600.pairs of helium and alkélivresonances'were '
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recorded, using a c0mputerizedvdata:taking-systemvsimiiar to that
deséribed‘in referenCé‘B;‘the’majority'of these:resbnanées'weré :
takeh{iﬁ an extended search fdr possiblé sources of systemati;
error. With an appfopriately flaftened_field, systematic shifts
‘ greétef than our assigned error arbsé only from gross overpowering
.of fhe'transitions;

| In addition to the rf poWér; the relative position and
6riéntation of the hairpin; the sources, the applied field, and
‘the detectors were varied, Yiéldiﬁg results within our assigned
uncerfainty.v Data were also taken with two kinds of rf hairpins.’
'The'finélfresult'isvbased upon data taken with a 509 terminated
hairpin identitallto that described in reference 8; the second
hairpin--a shorted vacuum-dielectric microstfip—-yielded notic?blyv'
distortéd resdnanCés.,'in spite of the distortion, the results
' obtained with that hairpin alsb fall within'our_assigned uncértainty.
.Resonahces were recorded with both dome-shaped and dish-shaped
'magnéfic fields; in both cases, the field deviation was held to
‘ 2.or 3 parts in IQ? over the hairping Again, no-shifts larger
than:ouf assigned errof were observed. The helium and the alkali
transition frequéncieé were derived from the data by fitting each
_ resonance to a Lorentzian éurve;:theldmplitudé, Width,:center'v |
ffequeﬁcy, backgroﬁnd and-bagkground,slope were allowed to vary.
The results:did not change_When'thé'Background slope was held at
- zero.. “‘ o |

~ The final results were calculated by averaging values obtained



~with a given relative orientation of thé hairpin and applied field,
with those obtained with both the hairpin énd the field reversed.i
This procedure tends to cancel'residual errors due tO'inhbmogeﬁeity
in the static and rf fields®. Since there are four possible
orientationsvof the'hairpin and field, for each transition one -
finds two independent averages’which can be cross-checked. A
$Ummary of ourAdata and oﬁr final results are given'in Table I.
A histogram of all of the data used in calculéting-our result is
given in Fig.2. Taking all data ihtovaccount, we find:
gJ(He,ZSSI)/gJ(H,IZS%) =1 - 23.25(30jx10‘G and;gJ(He,Zésl) =
2.002.237.35(60). . The error we. assign to our result reflects our
estimate of the residual‘systematié error arising from all sources.
The_preéent state of both experiment and theory for the
 helium-hydrogen g-factor ratio is shown in Fig.3. As can be seen,
the_agreemehf between the theoretical results and all atomic beam
measurements is very good. The discrépancy between these reéults
~and the Vaiue obtained by Leduc, however, remains unexplainéd.

- We are indebted to C.E. Johnson for several valuable suggestions.
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TABLE 1. 'ReShlts with terminated hairpin, given in témms of
a=1{1- gJ(He“f,23SI)‘.A/gJ(H1,1%5_;5)} x 10° ‘

Trans. Field Hair- Number  a(S.D.) Ave. to corr. Isotope
' pin . of obs. for phase average .
v Orientation . errors 0
RBES - + 140 23.16(20)} 23.71
(3,00 (2,-1) + - 10 23.25(13) . } _—
at 3161 G,  + + 25 23.24(14)} 2329 .
- - 22 23.33(19) a :
Cs133 - - + 58 23.—19(20)}‘ 23.24
(4,-1)>(3,-2)+ - 23 23.30(37) : } 23
at 4306 G. + 0+ 0 23.24

22 23.34(33), .
22 23100y 23-24

From fhe' Rubidiuzh data and from Table II:_

gy(He)/g;(Rb) =1 - 46.83(30) x 10-°
 gy(He)/g;(H) =1 - 23.25(30) x 10°¢
gy(He*,2%5)) =2.002 237 34(60)

From the Cesium data and from Table II:

g;(He)/g;(Cs) = 1 - 151.28(30) x 10°°
gy(He)/g;(H) =1 - 23.24(30) x 10°¢
_ gJ(He“,zasl) -=-2.002 237 36(60)

Overall results: L
gy(He",2°s,)/g;(H',1%5,) = 1 - 23.25(30) x 10-°
gJ(He“,Zasi) = 2.002 237 35(60) .




5TABLE 11. 'Consfants used to dedUCe absolute. hélium

g-factor and helium- hydrogen g-factor ratlo

| g‘J(Cs”?v),/gJ(.Rbf’?')' = 1.000 104 473 7(44)°

gy () /g;(R*%) = 1.000 000 004 1(60)"

| gy (R°7)/g ') = 1.000 023 585 5(6)°
gy /g, - 999982 31(10)¢
g = 2(1,001 159 656 7(35))°
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FIGURE CAPTIONS

‘Geometry for simultaneous observation of a 'flop-out"

transition in metastable helium, and a "flop-in"

transition in rubidium or cesium.

Histogram showing the distribution of values obtained

in the 322'measurements~inc1uded:in the calculation of -

our final result.

Experimental and theoretical determinations of the
helium-hydrogen g-factor ratio. The values for the
quantity "a" above ares' Perl (1953); a= 23;3; |
21.6(5);

Drake (1958), a = 23.3(8); Leduc (1972),
23.212;

Hughes (1973), a = 23.29; Grotch (1973), a
Aygun (1973), a = 23, 25(30)

e
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