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Polarizabilities of cesium (10-13)D 3, 5, States
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The scalar and tensor polarizabilities of the cesium (10B33),, states were found with uncertainties of
less than 0.3%. This experiment measured the voltage required for atoms excited by a laser beam in an electric
field to be simultaneously in resonance as atoms excited by a frequency sideband of the laser in a field-free
region. The results are in reasonable agreement with theoretical calculd8a050-294@7)07612-9

PACS numbgs): 32.10.Dk, 32.60¢+i, 42.62.Fi

Atomic polarizabilities are important for determining such
quantities as charge-exchange cross sections, van der Waals &=5 E?, 3]
constants, and dielectric constafits?] as well as measuring
electric fields in plasma$3]. Several recent experiments whereK is called the Stark shift rate and is given [13,14)
have obtained polarizabilities by precisely measuring Stark
shifts as is reviewed in Reff4]. The accuracy of these data is

significantly bet.ter_thr?m is obtained_by the best measure- K(D5/21|m3|:%):_ao(D5/2)+g a(Ds)p)

ments of atomic lifetimegd5] or oscillator strengthg6].

Hence, experimentally determined polarizabilities are useful 2

£ . . 3 ay(Dsp) 2

or testing atomic theory. — =27 E?
Cesium is used in a number of important applications in- 250 a

cluding atomic clockg7], laser cooling 8], and parity vio-

lation experimentg$9]. It is an alkali atom and is therefore 1

relatively easily modeled since it has only a single valence K(Dsp,|my|=3)=—ag(Dsp) + £ @2(Dsp)

electron. Furthermore, it has transitions accessible to lasers

and a relatively low melting point which facilitates the pro- 9 ay(Dsp)? 5

duction of an atomic beam. The polarizabilities of the 125 a

6P/ 3, states[10,11] and of the (10-13,,, states[12]

have been measured with accuracies exceeding 0.1%. Re- s

cently, we determined the scalar and tensor polarizabilities of K(Dsjp,|my| =3) = — ao(Dsp) — az(Ds)),

the 11D, 5, States and showed that the Stark mixing of

these two fine structure states needed to be taken into ac- K(Dgj,|My|=3)=—ao(D3p) + as(Dap)

count.[13] The purpose of this work is to report the polar-

izabilities for six additionaD states having significantly dif- 6 ay(Dgp)? £2

ferent fine structure splittings. 245 a '
The cesiumD states are described by the Hamiltonian

[14] K(Dap,|my|=3)=—ao(D3p) — @2(D3p)

o 3L,—L2] E2 36 ay(D3p)® _,
H=aL-S {ao+a2m] DR 1) _ESTE . 3
where the first term is the spin-orbit interactica,is the The apparatus has been previously discussed and is there-

coupling constant_ is the orbital electronic angular momen- fore only briefly despribeﬁlO]. A diode laser excited cesium
atoms in an atomic beam to theP§, state. One of the

tum, andS is the electronic spin. The second}erm descrlbes(lo_ 13Dy, 5, States was then populated using light gener-

the Stark shift due to an external electric fidld «g and  ated by a ring dye lasefCoherent 692 The atoms were

@, are the scalar and tensor polarizabilities, respectively. Thexcited by the laser beams as they traversed a field-free re-

term containinge, vanishes wherL <1. For low electric  gion and subsequently when they passed through a uniform

fields the eigenstates are approximately given |bg;),  electric field which was generated by applying a voltage

wherem; is the azimuthal quantum number corresponding taacross two parallel stainless steel plates. Fluorescence, pro-

the total electronic angular momentum The eigenenergies duced by the radiative decay of the atoms, was detected by

are then given by two photomultipliers. The two fluorescence signals were pro-
cessed by separate lock-in amplifiers whose reference was
provided by a chopper that modulated the dye laser beam.

* Author to whom correspondence should be addressed. Electronic The procedure was to first determine the Stark shift rates
address: www@yorku.ca K of the |Dgp,|myl=3%) and|Dsp,,|my|=3,3) states. This
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400 TABLE |. Scalar and tensor polarizabilities. Units are
MHz/(kV/cm)>2.

300

z State ag ay Reference

g 200

£ 10Dy,  —1041.3+0.9  846.3-0.9 This work

10 —1050 848 Theory16]

;f; o —1150+170 84040 [15]

3 10Dy,  —1319.5:2.1 1695.74.9 This work

57 —1319 1704 Theory16]

£ o —1340+130 1776-90 [15]

= 11Dy, —2694.6+2.7 2107.5:2.7 [10]

-300 —2712 2120 Theory16]

a0 ) . , X 11D, —3379.5£54 4242.1%+11.4 [10]

0.122 0.124 0.126 0.128 0.13 0.132 —3384 4255 Theory16]
/eyl — 3790+ 350 40106- 400 [15]

FIG. 1. Fluorescent peak separation vs electric field squared fob 2Dar —6180+4.9 4691.4:4.9 This work
the 1Dg,/m;|=3 levels. The frequency difference measured in —6245 4753 Theory16]
arbitrary units between the peak produced by the laser excitation o2Ps2 ~ — 7660+ 15 950139 This work
the atoms in the electric field and the peak generated by the laser —7738 9530 Theory16]
beam shifted by 2000.000 MHz in the field-free region is plotted. 13D3, —12935+18 9620+ 18 This work

—12989 9679 Theory16]
was done by measuring the electric field required for atomg3D,, —16001+25 19406-49 This work
excited by the dye laser beam to be simultaneously in reso- —16099 19533 Theor}/16]
nance as atoms excited in a field free region by dye laser 19000+ 1000 [15]

light which was frequency shifted 2000.000 MHz by an
electro-optic modulatofNew Focus 442)L The Stark shift

was then plotted versus the square of the electric field. Figure The results for the polarizabilities are listed in Table I.

i HSD —1
1 Q|splays gample data take.n for ¢ 5’2.’|mJ| o 2} State.  pe tensor polarizabilities are more accurate than those ex-
A line was fit to the data to find the electric field giving zero .

fluorescent peak separation. The Stark shift Katas then isting in the literature for any atomic state. The uncertainties
found using Eq(3) where thé small dependence BR was are due primarily to the determination of the electric field

also taken into account. This procedure was repeated for tH&1Sing from the measurement of the plate spacing and volt-
113D, |my| =2) and |13Dg,|my|=1) states. The Stark age. The results have been compared to the experiment by

shift of the |m,|=2 levels of the (10—13)s, states has a Fredriksson and Svanbefd5], who used a _Iamp to e>§cite
strong nonquadratic dependence on the electric-field strength€® 6P32 State and therefore had a lower signal-to-noise ra-
due to Stark mixing of the fine structure states. This is illus-i0. Their experiment also had a lower accuracy than the

trated in Fig. 2 for the 135, state. These data were there- Present work because of greater uncertainties in the determi-
fore analyzed by fitting a curve of the forgn=AE2+BE*  hation of the electric field and the measurement of frequency

+ CE® where Eq.(3) showsA= —[ay(D3p) + ay(Dgp)]/2.  shifts.
Table | also compares the results to those computed using
1200 a so-called Coulomb approximation which models the inter-

action of the outer valence electron with the nucleus and
inner electron core by a Coulomb potential. This approxima-
tion has been shown to work well for excit&,, states in
cesium[16] but does not take into account the fine structure
splitting which varies from 51 GHz for the [/, 5, States to
140 GHz for the 1D3, 5, States. However, Table | shows
that the computed polarizabilities are all within 1% of the
measured results. It is interesting to note that with the excep-
tion of the 1M, state, the magnitude of the experimentally
determined data is slightly smaller than the computed values.
This can be taken into account when estimating the polariz-
abilities of states for which measurements have not been
made. In conclusion, the Coulomb approximation can be
used to estimate scalar and tensor polarizabilities to better
than 1% forD states having a fine structure splitting of less
FIG. 2. Frequency shift vs electric field squared for thethan several hundred GHz.
13D, m;|=2 levels. The fitted curve is given by=1664>
— 8484+ 138.%°, wherey is the frequency shiftMHz) andE is
the electric field measured in kV/cm.

1000 |-

Frequency Shift (MHz)
@ @
S 3
=3 )
T T
X

IS

<)

=3
T

200

0 1 1 1 1 L 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
E [(kV/em)?]

The authors wish to thank the Natural Science and Engi-
neering Research Council of Canada for financial support.



5178 BRIEF REPORTS 56

[1] K. D. Bonin and M. A. Kadar-Kallen, Phys. Rev. 47, 944
(1993.

[2] T. M. Miller and B. Bederson, Adv. At. Mol. Phy25, 37
(1988.

[3] J. E. Lawler and D. A. Doughty, Adv. At., Mol., Opt. Phy&%,
171(1995.

[4] W. A. van Wijngaarden, Adv. At., Mol., Opt. Phy86, 141
(1996.

[5] R. J. Rafacet al, Phys. Rev. A50, R1976(1994).

[6] W. A. van Wijngaardenet al, Phys. Rev. Lett.56, 2024
(1986.

[7] D. J. Seidekt al, in Proceedings of the IEEE Frequency Con-
trol Symposiun{IEEE, New York, 1992, p. 70.

[8] K. Gibble and S. Chu, Phys. Rev. Lef), 1771(1993.
[9] C. S. Woodet al, Science275 1759(1997).
[10] C. E. Tanner and C. Wieman, Phys. Rev38, 162(1988.
[11] L. R. Hunteret al,, Opt. Commun94, 210(1992.
[12] W. A. van Wijngaardert al., Phys. Rev. A9, R2220(1994).
[13] W. A. van Wijngaarden and J. Li, Phys. Rev. 35, 2711
(1997.
[14] A. Khadjavi, A. Lurio, and W. Happer, Phys. Rel67, 128
(1968.
[15] K. Fredriksson and S. Svanberg, Z. Phys2&l, 189(1977.
[16] W. A. van Wijngaarden and J. Li, J. Quant. Spectrosc. Radiat.
Transf.52, 555 (1994).



