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Of the methods currently available for the study of hfperfine
structure (hfs) in optically excited states, none is genecrally sﬁitable for
the study of radioactive isotopes. Optical double resonance, level-
crossing spectroscopy conventional optical spectroscopy, and other tech- ‘
niques where f}le light is detected are not suitable fox; studying trace
amounts of radioactive isotopes in the presence of large amounts of stable
carrier. Moreover, wall interagtion interferes with a.ttemptstd stud&r
separated samples, An atomic—beém experiment was devised by Perl,
Rabi, and Senitzky for studying the' excited states of the alkalis by direct
Vma.gnet'ic resonance, ! Howe&er, this method cannot be easily generalii'ed

- to radioa;tive isvotopes because ofthe smali signals involx}éd.

It h.a's been shown recently2 that the atomic -beam method can Be
"‘extended,to the sfudy ofisotope shifts and the optical Stark effect in radioaétive
isotopes. In th;Zs letter we describe ‘a_way this method can be modified to ob-
ytain a substantialvimprovemen‘t inresolution, Withthis ifnprovement,' dEt'a.ils
‘of thé'hfs \;)f the (sz,l/2 staté_s ofthe cesiumisotopes are revealed to a pre-

ci‘siop'of'aboutA‘SO, MHz, It is felf that this method should be generally .

applicable to the study of the hfs of optically excited states in any isof’opé(radio;
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active or stable) that can be deflected in an atomic-beam apparatus,
and we report here as a demonstration the measurement of the hfs in

4m A e
CS('Ti/Z =2.9 J.l),

2 13
the 6 'p'l/Z state of

"~ The basic apparatus (see Fig, 1) is identical to that of Ref, 2
except for the addition of an atomic-beam absorption cell, An atomic

N

beam flop-in apparatus is employed whose C region consists‘ of a pair
of electric field plates \;vith a gap of 0.035 in, The plates consist of a‘
_heated—_gléss cathode and a stainless steel anode both of which are |
ground to within iO -4 in,  The ho_mb‘geneity of the electric field pro-

v " duced is "e'Stiﬁlated' to ' be about™0.5% and is sufficiently good so that it
aoes not cont_rib.ute appl;eciably to the line \.vidth. Light from a cesium-
resonance lan}p illumina;:es the"region‘ in the gap. The light is filtered
sQ that only the D, transition (62p1/2 - 6251/2) is passed. In the lamp
line, the hfs of th'e_62p1/2 state is not completely resolved and the lamp
line consists of a doublet, the components of which aré separated by the‘
hfs 6f the groﬁnd st.ate. With this apparatus, the precision’'is limited

by the width of the lamp line, about 1500 MHz Howéver, the preCision
‘may be substantially improved by passing the filtefed light through an
optically dense cesium abs”orption beam. The effect of the absor.ption‘
Eearn is to remove from each of the lamp iincs a doublet, The two com-
ponents of the doublet are separated by the hfs of the 62p1/Z state, and

" each conlpo.nent has a width of about 150 MHz (see the energy-level
diagram in Fig. 2)." In principle, this width can be made as low as the.
natural line width, which for the cesium resonance line is about 10 MHz,

However, such high precision would demand an clectric field that is

' homdgeneous and reproducible to better than O.5><1O-3 at fields of
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almost O.5><1O6 volts/érn. This is presenfciy beyond OUI; capability
’énd accordingly we have designed our absofption beém to achieve a
width of about 150 MHz. -

| The Cs atoms in the atomic-beam apparatus are state-selected
by the narrow gap between the electri'c-_fielci piates so that es‘sentialvly

we can refocus only.atobms in the lowest hyperfine state ( F =3 for 133Cs

and F : 15/2 for .134mCs). The observed 13?fC.s inténsity pattefn is
.shoﬂvn in Fig. 2 and '.can, be. Vunderstood‘ with referenée to the inserted
energ'y-level diagram, lI_ndicaterd, directly a_box./e each of the observed
intensity minirr:a is the position of the Stark-shifted energy levels of

| 13‘3-Cs' be.arn é.tofns relative to the unshifted levelé of atoms in the éb—

- sorption cell, At Azervo éleét_i‘ic'field the absorptio,n lines of the Cs :
atomic béam- overlap the aBso_rption lines of the Cs absorption beam,
and 2 minimum in the intensity curve is.vol.oseryved. However," as‘ thé

| elect;ic field is turned on, the Stark effect decfeaées the frequency of
‘the absorption lineé of the atoms in the beé,m apparatus, and the ob-
served signal increases, However, when the electric fi.eld is sufficient
“to shift the frequen.cy by an amount equal to the hfs of the excited

‘ (62p1/2) state; a éecbnd iptensity minimum is observecl. At.higher elec-
tric fi.elds the frequency is shifted by an amount equal to the ground-

“ state hfs, and the beam-absorption line is bréught into resonance with
‘the s‘ecorvld 1amp-emiss:ion line, Hére three intensity minima can be ob-
served cofrespénding to the overlap positions indicated in the energy-
level diagram, These three minima are eqﬁally spaced and corxjespond"

to a shift by an amount equal to the hfs of 6Zp1/2. The unlabelled

minima correspond to structure present in the lamp line,
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As can be seen from the energy-level diagram, the separation

‘between the two minirnum points labeled o and & corresponds to a

133

Stark shift of the energy levels equal to 9192 MHz, the hfs of the Cs

ground state, Using this as a calibration, and taking the separations ,
- L g2 _ s
a-B, v-9, 6-¢ as equal to the hfs of the 6 pi/Z state, we obtain.

Av133(62P1/2) = 1167+ 40 MHz,

_This value is in good agreement with the value ‘obtained by conventional

optical spectroscopy.
H : : : N .
' A similar situation pertains when the atomic beam consists of

1 34}?1

. . ' ' 2 2 :
radlloactlv‘e Cs. ‘Here, howe‘vver, the hfs of both 6 51/2.3nd 6 pi/‘2

are smaller than for 133Cs, so that Stark tuningvca'n bfing about only
one overlap of the beam absorption lines with the lamp emission lines,

Howe\‘rer,v there are four possible overlap positions of the Stark-shifted

134m 133 .

. energy levels of Cs beam atoms with the unshifted levels of Cs

atoms in the absorption cell, As seen in Fig. 3 these overlap positions
correspond to minima in the observed intensity pattern, From the
‘energy-level diagré.m it'is clear that the separation between the minima

@ and- p and between vy and 5'v¢orreéponds to the hfs of the 62p1/2 state

434m

of Cs. These are experimentally seen to be equal,: Moreover, the

 separations between o and y and between B and 6§ should cor‘reSponvd _ o

to the hfs of the é;zp,l/2 state of 13‘3Cs. -This also agrees with our ob-

servations, From the observed separations we infer

' Av134m(62p1/2) = 473460 MHz,

In a'ddition, from the position of the minima we obtain a new precision

-134m 133

~value for the . Cs Cs isotope shift (IS). We find
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IS = + 1,4(2.0) X 107> cm ™",
where the positive sign indicatés that the shift is in the direction pre—
 dicted by the normal -volume effect, This value is substantially smaller

than that ':'ceported in Ref. 2, where apparently an overly optimistic as-

sessment of the error was made.
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FIGURE LEGENDS

Fig. 1. Schematic diagram of apparatus.
. . , 133 . . 1ol 2 o
Fig. 2. Observed Cs signal vs (applied voltage)”, The position
of the Stark-shifted absorption lines relative to those in the
absorption cell for each of the observed minima is indicated
" directly above the minima, The separation between o and §

corresponds to a shift equal to the ground-state hyperfine sep-

aration, and serves as a calibration,

134m

Fig. 3. Observed Cs signal vs (applied voltage)z. The minima

133

o occurs when beam absorption line 1 coincides with Cs ab-
‘sorption line A; p occurs when line 2 coincides with A; vy occurs

when 1 coincides with B; and 6 occurs when 2 coincides with B.
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