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Hyperflne-structure measurement of the 7S state of cesium
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The hyperfine structure of the 7S~~2 state of Cs has been measured with the use of laser

spectroscopy on a cesium atomic beam. We find the magnetic dipole coupling constant
A =545.90(09) MHz. From the amplitude of the hyperfine components we find the ratio of the
scalar to tensor polarizabilities (~a/P~) for the 6S 7S transition to be 9.80(12).

The measurement of hyperfine structure has long
been an important probe of atomic structure. For
this reason, the hyperfine structure of the ground
and excited states of alkali atoms has been studied
extensively. ' Information on the 7Si~2 state of cesi-
um is particularly important at the present time be-
cause of its role in the study of parity violation in
atoms. 2 In this paper we present a measurement of
the hyperfine structure of the 7S~~2 state of '"Cs ob-
'tained by studying the laser excited 6S~~2 7S~~2
transition in the presence of an electric field. By
measuring the separation of the hyperfine corn-
ponents we determine the hyperfine splitting of the
7Si~2 state to considerably higher precision than all

other measurements of alkali excited-state hyperfine
splittings. In addition, by comparing the amplitudes
of the components we obtain the ratio between the
scalar and tensor polarizabilities of the 6Si~2-7S&~2
Stark dipole matrix element. A measurement of this
ratio is of interest because the previous two measure-
ments of this quantity are in serious disagreement. "

The Sip levels of cesium are split into hyperfine
doublets with total angular momentum F=3 and 4.
Thus, in a dc electric field K, a linearly polarized laser
will excite four transitions having the intensities and
frequency separations shown below:

6' 3~7SF~, I43 21p E~,
jai'1 ~7$ hfr

6' 3 ~7' 3, I33 =7p Eg +28e E
) at'2 ~6$ hf ~7$ ht'

6'~ 7SF~, I~ 15p Eg +36a EII,

)it&3 ~7$ hf

6Sp~~7SF 3, I34-21p Eg.

The subscripts j and II are with respect to the direc-
tion of laser polarization, tz and P are the scalar and
tensor polarizabilities, respectively, and h~ hf and
Q 7s hf are the hyperfine splittings of the 6S and 7S
states. In addition to the electric dipole intensities
sho~n, each transition has a magnetic dipole ampli-
tude. For the electric fields we used (-5000 V/cm),
these contribute less than 1 part in 104 and can be
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FIG. 1. Schematic of apparatus.
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neglected.
Since h$shf is the primary standard of frequency,

measuring the ratio of either Lvi or Av3 to Av2+ Av3

yields 57shf, Although the individual transition ener-
gies are electric field dependent, the separations, to a
very good approximation, are not. ' The ratio a/P is
obtained from the ratios 144/134 and 133/143

The apparatus used is shown schematically in Fig.
1. A collimated beam of atomic cesium is produced in

a manner similar to that given in Ref. 6. A secon-
dary collimator further reduces the divergence to
about 0.025 rad. This beam intersects a standing
wave laser field at right angles in a region of static
electric field. The static field is obtained by applying
5000 V to optically transparent-electrically conducting
coated glass plates (not shown in figure) which sit 0.5
cm above and below the laser beam. The standing
wave field is provided by a spherical mirror Fabry-
Perot interferometer (power enhancement inter-
ferometer). The output from a single frequency ring
dye laser (Spectra Physics model No. 380) with

homemade frequency stabilization7 is circularly polar-
ized and modematched into the interferometer. One
of the interferometer mirrors is mounted on a
piezoelectric transducer, thereby allowing the inter-
ferometer resonance to be electronically locked to the
laser frequency. The dye laser output is typically 0.1
to 0.2 W at 540 nm and the interferometer increases
the electromagnetic field strength by a factor of 12.5.
The short term laser frequency jitter is about 0.5
MHz peak to peak.

Five percent of the dye laser beam is sent into an
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additional fixed length Fabry-Perot interferometer
which is thermally insulated and hermetically sealed
(frequency marker interferometer). The resonances
of this cavity provide a frequency scale.

The 6S 7S transition is detected by a silicon pho-
todiode which sits under the lower electric field plate.
This diode monitors the 850- and 890-nm light which
is emitted in the 6P1~2 3~2 6S step of the cascade de-
cay of the 7S state. A colored glass cutoff filter
prevents the scattered 540-r.m light from reaching
the detector. The photodiode output goes into a
preamp followed by a precision voltage divider. The
linearity of the photodiode preamp combination is
better than 1 part in 104. The voltage divider is used
to reduce the 3 3 and 4 4 transitions signals by a
factor of 155.44, making them approximately the
same size as the undivided 4 3 and 3 4 transitions.

Other photodiodes measure the light transmitted
through the frequency marker and power enhance-
ment interferometers. These three signals and the
voltage ramp which scans the laser frequency are di-
gitized and stored by a PDP-11 computer for off-line
analysis.

Spectra were obtained by scanning the laser fre-
quency over each of the hyperfine transitions. For
each transition the scan lasted about 1 min and
covered about 1 GHz. For each of the three separa-
tions a set of about 15 scans were made by alternat-
ing between the two transitions of interest. Typical
scans are shown in Fig. 2. The 20-MHz linewidth is
primarily due to the cesium beam divergence. The
marker interferometer is intentionally adjusted to ob-
tain the rather complex signal shown. This structure
corresponds to exciting a number of nondegenerate
modes and is useful for checking for and correcting
scan nonlinearities.

Analysis and results. To find the hyperfine splitting
the spectra were first normalized to the instan-7$11fs

taneous laser intensity. The line centers were then
found in terms of the frequency marker scale. This
was complicated by the thermal drift of the marker
interferometer. To correct for the drift, the position
of each transition relative to the frequency marker
was found as a function of time. Because the ther-
mal time constant of the interferometer was long, the
drift was quite linear with time during each set and
varied between 0 and 0.3 MHz per minute for the
different sets. Having thus determined the drift, t ehe
results were corrected appropriately. Once the line
separations were measured in terms of the frequency

~125MHz~

FIG. 2. Typical spectra.

marker, the separation between the F=4 4 and
F=3 4 lines was used to determine the exact
marker spacing. It is amusing to note that the inter-
ferometer length is thus known in terms of the fun-
damental frequency standard. Using this scale, LLvi

and hv3 were found to be in excellent agreement
and their combined average was 2, 183.59(36)
MHz =7S1~2 hyperfine splitting. This gives the mag-
netic dipole coupling constant A =545.90(09) MHz,
which is in good agreement with the previous result
of 546.3(30) MHz. s The uncertainty is primarily due
to uncertainties in scan linearity and the correction
for the drift of the frequency marker.

To find
~ a/p~, the area under the four peaks were

measured and the ratios 133/143 and I44/134 deter-
mined. The ratio ~a/p~ was then found using Eq.
(1). The light transmitted through the enhancement
interferometer was found to be imperfectly circularly
polarized, resulting in a correction of 0.6%. From
Iii/I4i we obtained

~ a/p~ =9.91(08), and from
144/li4, (a/p( =9.68(08). Because these results did
not seem consistent with a simple statistical variation
we took the combined value to be 9.80(12), where
the uncertainty covers both values. This is in good
agreement with the value 9.91(11)of Ref. 4, but
disagrees with the value 8.8(4) given in Ref. 3.
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