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Abstract
69

LeVél crossings which occur in' the hyperfine structure bf Ga under
the combined influence of electric and maénetic fields'are inVestigated with
respect to the field orientation. The possibility of detecting "anti—crossings"

Dby the atomic beam method is considered.

In récéht yeais seﬁerél experiments have been reported in which>e1ectric
fields were used in the C-region of an atomic beam apparatus ti]. Some of these
‘experiments ﬁefe ConcernedIWifh>a study of the Stark effect while thers took
advantage of the'Stark effect as a meané of tunning energy levels. In all of
these experimeﬁts the electric field was used either élone or in garallel with
a magnetic field. except for possible accidental off-axis field components. Most
atomic beam eiperiments involving electric fields have been on J = 1/2 states
(e.g. alkaliés) whose interactibn with an electric field is a scalar and thére—
fore indepeﬁdent of the field direction. More recently atomic beam electric
fieid experiments involviﬁg-gallium. indium and thallium have been-reportedv[Q].

~

1/2 state

and the metastable 2P3/2 state and thus regardless of which state is the object

of study both are present. The 2P3/2-state possesses.a tensor polarizability

Atomic beams of gallium and indium usually contain both the ground 2P
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and conSequently the direction as well as magnitude of the electric fieldviS-'
important in’ determining the'combined'Zeeman—Stark'effeet. We examine the influ-

' S : - . .. 69 . .
ence of crossed fields on*the-2P3/2 state taking - 9Ga as’ an example.

69

The interaction of the 2P sﬁate of Ga with uniform static external v

3/2

~electric and‘mégnetic fields is given in the Fm representation by

<F'm'|H|Fm> = (ha g-+ np XUE L ;éhf 75/h) Spip Sy

: o '- . F'1F 3/2 F! 3/2 o :
+ /I5 ugl [('2F+1)(2F'+1)]l/f°‘('—l)l‘m( ){ | }“-”F-F'gfgx]
S ' \-m' Om F 3/2 .1 »

g R , | F2F'\ (3/2F 3/2] < 112\ .
- 5—@“2 [(2F+1) (2r'+1) 1/ 2(-1) 10 ( ) g . } Z ( )E E ',
2 o . | B \-mQm' F' 3/2 2 qa' \ga'q aq

where K ;‘F(F+l)—15/2; é, b are the usual hyperfine constants;
hv,2 | I
)

: o, = —2.76 KHZ/(EEH—

5 is thé tensor pdlarizability and Eq the spherical com- -

ponents of the electric field E;[é}. Thérz;axistis'takeﬁqaiong the maghetic field
H. <F'm;|ﬂ1Fﬁ>' was diagoﬁalizedbby'machiné for:differentbofiéﬁtation of the élec—
tric field in’tﬁe X~Z-plane. . The result for Eﬁparallél to H is shown in'Fig.,la for
‘the F = 3 hyperfine state‘[h]. Nine cfossings ogcur"Between'magnetic levels for "'
.which Aﬁy=fl;'2, 3, 4 or 5. When E is rotated the Stark operator is no longgr
diagonal.in-mbbut rather.levels for'which' Am = l; 2 are now directly coﬁpied,
Whileilevels,for'which Am > 2 'ihteract in higher‘order perturbations. The
¢coupling leads to a fepulsion of the leﬁels'removing the degeneracy at the

crossing points. This is shown in Fig. 1b for an angie of ¢ = 5°. Wheﬁ '

0 +\90°v§ll,crossings beéome "anti-crossing." or parficular interest in the

crossing of the m = ;l and m = -2 levels since transitions between these lead
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to a refbcusingﬁbf the atomic beam. - Application of degénerate perturbation
theorj'shows'that'for“ Hrad) (<_l the degenefacy is removed by
3 . v v

5 0 |
to ™ TKHz/1° for the example shown in Fig. 1. Thus the' coupling between

v = 0, E§¢ where E_  is the value of E at ﬁhe cfossing., This amounts
the levels is strong.and the alignment of E is very critical. -
' At”the'point where levels m and m+l would éross in the absence of.pertu:-
: v v N | | S )
bation the wavefunction oscillates with frequency V.=‘<Fm+llijm> ~ay E ¢vbetween

the levels me>; LFm+l> s6 that transitions take place between the levels m = -1

and m = -2: [5]. Such trahsitions; induced'by static fields, are known from anti-

crossing experiments in excited states and their chnection with zero frequency:

'rfvtransitions has been discussed by Series [6]. The observation of'anti—lévél

crossing in-gfbund and low lying metastable states should be possible by.thé .

atomic beam méthod_prbvidéd transitions between the crossing levels lead to é
refocused beam. Detection of anti crossing by atomic beams would have the
advantage that no lightvis required ‘in addition to the usual advantage of

beams .

- The author would like to thank Dr. E. Geneux for a number of stimu-

lating discussions.
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FIGURE CAPTION

69Ga. The_

v.Fig. 1. Combined Zeeman-Stark effect in the F = 3 h2P3/é state of

’calculatidns_ﬁere_performed for a magnetic fieldvof»o.lOO.géuss. (a).vE
is parallel to B. (b)’-@_is inclined 5° to B.
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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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