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Stark shift measurement of the(4s)? 1S,— (4s4p) 3P, calcium transition

J. Li* and W. A. van Wijngaarden
Department of Physics, York University, Toronto, Ontario, Canada, M3J 1P3
(Received 5 September 1995

The Stark shift of the (4)? 1S,— (4s4p) 3P, transition in calcium was measured using a laser to excite an
atomic beam as it traversed through a uniform electric field and a field-free region. The laser frequency was
scanned across the transition, while fluorescence produced by the radiative decay of the excited state was
detected. The frequency scan was calibrated using an acousto-optic modulator to frequency shift part of the
laser beam. The Stark shift rate was found to b&2.314+0.041 kHz(kV/cm)?, where the minus sign
indicates the transition frequency decreases when the electric field is applied.

PACS numbsd(s): 32.60:+i

A number of experimental groups have determined values 3m?>-J(J+1)| E?
of Stark shifts and/or polarizabilities for various calcium H=—1{aota; TJ2i-y | 2 (1)
states with an accuracy of a few percé€bt4]. Polarizabil-

ities of atomic states are important for describing chargeynere o, and «, are the scalar and tensor polarizabilities,
exchange cross sections, van der Waals constants, and d'el‘?éépectively.] is the electronic angular momentum amds
tric constanty5-7]. Accurate experimental data have alsojis a7imuthal component. The Stark shift for the transition

spurred on the development of atomic theory. In calciumyeatween the (82 1S, and the (44p) P, states is given by
much work has been done computing the ground-state polar-

izability ap(*Sp). The various methods and their results are Av=KE?, 2
summarized by the papers by Gl48$and Sadlej and Urban

[9]. This paper reports a measurement of the Stark shift ratghere the Stark shift rate is

of the (4s)? 1S,— (4s4p) 3P, transition. The result has an

uncertainty 3 parts in )which is significantly more accu- K=—3{ag(®P1) —2a,(3P;) — ap(1Sy)}. (3)
rate than any Stark shift found in the literature for a calcium

transition. This particular transition has also been used télere,m was set to zero since the laser is linearly polarized
study hyperfine and isotope shifts of calcium isotopEg| parallel to the electric fielE and therefore only populates
and recently has been of interest in atom interferomfetty. ~ the m=0 sublevel.

In this experiment, only°Ca was excited, which has an  The apparatus is illustrated in Fig. 1. It has been described
abundance of 96.9% and a nuclear spin of zero. The responge detail elsewhere and is therefore only briefly discussed
of this isotope to an electric fielt is given by the Hamil- [12,13. An atomic beam of calcium was generated using an
tonian oven and a series of slits producing a beam having a diver-
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FIG. 2. Sample data. The fluorescent signal
observed in the field-free region is shown. The
first peak was produced when atoms were excited
by the laser at frequency. The second peak was
generated using the laser that was shifted 300 000
MHz by the acousto-optic modulator.
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gence of about 2 mrad. The oven was contained in a vacuuintersected the atomic beam orthogonally to eliminate first-
chamber that was pumped to a pressurefi@ ’ torr. La-  order Doppler shifts. The electric field was generated by ap-
ser light at a wavelength of 657.46 nm was supplied by glying voltages of up to 50 kV across two stainless steel
ring dye lasefCoherent 699that was pumped by an argon plates having a diameter of 3 in. A voltmeter measured the
ion laser. Part of the dye laser beam was frequency shifted bgutput of a voltage divider that reduced the high voltage by a
an acousto-optiCAO) modulator. The modulation signaly ~ factor of 5000 with an accuracy of 0.01%. The plate spacing
was supplied by a frequency synthesizer with an accuracy ofias found to be 0.40G10.0002 in. using precision machin-

1 part in 16, and then amplified. In our experiments,o ist blocks.

was set to 300 000 MHz, which equals the amplifier band- Fluorescence, produced by the radiative decay of the ex-
width. The laser beams at frequenciesand v—v,o Were  cited (4s4p) 3P, state back to the ground state, was de-
superimposed and excited the atoms in a region free of ele¢ected by two photomultiplierM1 and PM2 as the laser
tric fields. The laser beam at frequenewlso excited atoms frequency was tuned across the resonance transition. The
as they passed through a uniform electric field. The laserphotomultiplier signals were processed by separate lock-in
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FIG. 3. Frequency shift vs electric field
=309 squared. The data point at 0 kV/cm represents the
average shift found in 215 separate frequency
scans while the points at 41.9 and 48.1 kV/cm
were obtained from 18 and 209 separate scans,
-20 respectively. For the data taken at 0 and 48.1 kV/
cm, the standard deviation of the frequency shifts
about their average value is less than that indi-
cated by the size of the data points.
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amplifiers. The reference signal was supplied by a chopper K=—12.314+0.041 kHz(kV/cm)?.

that modulated the laser beam with a frequency of 2 kHz.

The demodulated signals were recorded by both lock-in amThe frequency shift at zero fielg, was found to be-10.48

plifiers when they were simultaneously triggered by a singléVHz. This offset has been found to arise from a small dif-

generator at a rate of 256 Hz. ference of the intersection angle of the laser and atomic
A typical wavelength scan consisting of about 5000 databeams in the field and field-free regiofi2]. The result for

points is shown in Fig. 2. It displays data produced in theK can be used along with the ground-state polarizability

field-free region by the laser beams at frequenaieand — ao(*Sp)=41.9+4.2 kHz{kV/cm)? determined in a beam de-

v—vao. The frequency of each scan was calibrated as folflection experimenf1] to obtain

lows. First, the lock-in amplifiers fit a Gaussian function to

the peaks to determine the position of the line centers. The ao(°P1) —2a,(°P1) =66.55 4.2 kHz{kviem)®.

frequency interval per data point was then found by dividinga yajye of ay(3P,) can be found once the excited-state tensor

the acousto-optic frequency of 300 000 MHz by the numbep,q|arizability is known.e,(P,) can be obtained using vari-

of points separating the two peaks observed in the field-freg,s methods including quantum beat or level crossing spec-

region. The average frequency interval represented by f,5copy as has been done for other alkaline sfa®d5. In

single data point was 0.1576 MHz. Finally, the frequencycqnciysion, this experiment has reported the most accurate

interval separating the peaks excited by the laser at frégiark shift measured to date for a calcium transition. The

quencyv in the field and field-free regions was found. result provides a test of future alkaline atomic models that

The results of 442 separate wavelengths scans taken gfay pe used to make theoretical computations of excited-
three different electric fields are summarized in Fig. 3. Thegizteg polarizabilities.

results were unaffected when the voltage polarity was re-

versed. A least-squares fit of the functips KE2+y, to the The authors wish to thank the Natural Science and Engi-
data yielded neering Council of Canada for financial support.
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