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The scalar polarizability constant c% for excited S- and D-states in rubidium and cesium 
was measured utilizing a two-step excitation scheme. An rf lamp and a single-mode dye 
laser were used to excite the atoms in a collimated atomic beam. Values of c% were 
determined for the 9-10 2S1/2 and 7-8 2D3/2 states of rubidium and for the 1(~13 2S1/2, 
9-10 2D3/2 and 9 11 2Ds/2 states of cesium. Further, the isotope shift was evaluated in the 
5579 A rubidium line. A review of experimental polarizability constants for rubidium and 
cesium is given, and the results are compared with theoretical values. 

1. Introduction 

When an electric field is applied to an atom, the 
energy levels of the atom will be shifted. The shift has 
a quadratic dependence on the electric field for all 
atoms with no degeneracy with regard to the orbital 
quantum number 1. This so called Stark effect is 
caused by a coupling between states that are con- 
nected by electric dipole transitions. For a mod- 
erately large perturbation the Stark shift can mathe- 
matically be described in terms of a scalar polariz- 
ability ~o and a tensor polarizability c~2, according to 
the following formula: 

AE~=-�89 [ ' 3r@-a(J+l)]~: po,-< l,: (1) 

valid for an atom in the sublevel mj of an atomic 
state J in a uniform electric field E. Whereas eo de- 
scribes equal shifts for all the sublevels of a state, the 
term with e2 also gives a splitting of sublevels, depend- 
ing on ]m a ]. By measuring the splittings of the sublevels 
in a level-crossing experiment, or by using quantum- 
beat spectroscopy, the tensor polarizability e2 can be 
determined. Using these techniques, c~2-parameters of 
several P and D states in the alkali atoms have been 
measured [1-4, and ref. therein]. However, the de- 
termination of the scalar polarizability requires a 
method for measuring the absolute wavelength shift 
due to the application of the electric field. As this 
change is caused by the Stark effect of the two states 

involved in the transition, only the difference between 
the eo parameters for the two states can be measured. 
The tensor polarizability e2 can also be obtained in 
such measurements of wavelength shifts. 
In this work we have used step-wise excitations to 
study S and D states of rubidium and cesium. To 
obtain a high spectral resolution we reduced the line 
widths of the studied transitions by using a single- 
mode dye-laser beam, incident at right angles to a 
collimated atomic beam. The atoms were excited by 
the laser from the lowest P states, that were popu- 
lated using an rf lamp. Measurements of the ~o 
parameters for four states in rubidium and nine states 
in Cs are presented in this paper. Three of these 
values were reported in a previous letter [5]. The 
used measuring method was to Stark-scan the atomic 
sublevels to resonance with the dye-laser frequency, 
which was set slightly off the field-free resonance 
value. The fulfilled resonance condition was manifest- 
ed by the occurance of fluorescent light. By combin- 
ing information on e0 and e2 for the same states, 
oscillator strengths for transitions between the stud- 
ied and close-lying states can be obtained. Certain 
difficulties in doing this for heavy alkali atoms are 
pointed out in this paper. 
Another method of obtaining the scalar and tensor 
polarizabilities has been used by Harvey et al. [6]. 
Employing the Doppler-free two-photon spectro- 
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scopy method, the Stark effect of the 5s and 4d levels 
of sodium was studied. Very recently this technique 
has been extended to higher-lying sodium states [7], 
taking advantage of the resonant enhancement of the 
two-photon absorption cross-section possible when 
using two lasers with different frequencies. 

2. Theory of the Stark Effect 

The influence of an electric field on the energy states 
of an atom has been studied theoretically by, among 
others, Khadjavi: et al. [8]. The perturbation of the 
states by an electric field ~ is described by the opera- 
tor - ~ . p ,  where p = - ~ e . r ~  is the electric dipole 

moment of the atom. In the case of a weak electric 
field, J, describing the electronic angular momentum, 
can be treated as a good quantum number. The 
matrix elements of the Stark operator will differ from 
zero only between states of opposite parity, from 
which it follows, that there will be no first-order 
contribution to the energy. The second-order contri- 
bution is: 

AE(J,m) 

= ~ ( y J m l ~ . p l y ' J ' m ' ) ( 7 ' J ' m ' ] ~ . p [ T J m )  (2) 

~,j,,., E ( T J ) - E ( 7 ' J '  ) 

where (TJml is the studied state and the sum is 
extended over all states connected to the studied state 
by electric dipole transitions. This sum can be ex- 
pressed as the first order contribution of an effective 
operator, 

Y . p l y ' J ' m ' ) ( y ' J ' m ' l ~ . p  
H ' =  y,  F , (~J) -E(~ , ' J ' )  (3) 

7' J" m" 

By expanding H' in terms of irreducible spherical 
tensors, one can show [8], that H'  consists of just two 
terms according to the simple formula: 

H ' =  - - 1 0 : 0  ~ 2 - - 1 0 : 2  ~2  3 J Z - J ( J + l )  
J ( Z J - 1 )  ' (4) 

where 0:o and 0:2 are the scalar and tensor polarizabil- 
ities, respectively. The electric field 6 is applied along 
the z axis. From this equation the energy shifts are 
then obtained, as given by Equation (1). 
The values of ~0 and 0:2 are determined by the 
squares of the reduced matrix elements of the electric 
dipole moment, (JllpllJ') 2, but can as well be ex- 
pressed in terms of the oscillator strengths f~L+~'L' 
between the studied state and the interacting states. 
In terms of the reduced matrix elements we have: 

l(TJllpllY'J')l 2 
0:0 = --2 ~ (2J+  1)(E(2J)-E(y'J')) (5) 

7' J '  

and 

( 1 0 J ( Z J - 1 )  ~1/2 S" I(7JIIPlIT'J')[2 
=2  0:2 

\3 (2J + 3)(J + 1)(2J + 1)] /~, E(yJ)-E(y 'J ' )  

. ( _  1)j+j,+~ { j  J '  
2 

Since in the case of the alkali atoms there is a single 
external electron, the reduced matrix elements in 
these formulae may be expanded as follows: 

,in l j,, p ,  n, = + + 1 /{ )  

e2l.(iRIn'jlrR n'lj' dr; (7) 

where the ordinary notations for the quantum num- 
bers n, l and j have been used, and l> means the 
greater of I and l'. From (5) and (7) the scalar polariz- 
ability of an S-state in an alkali atom is evaluated: 

~o = - ~[K(nSl /2 ,  ~/2)  + 2 ~c(nS1/~, ~/2)]  (8) 

where the terms ~c are defined according to 

tc(nLs,Es,)=e2~ ( iR(nl j )R(n ' l ' j ' ) rdr)2  (9) 

,,, E(nLj ) -E(n 'Es , )  

From (6) it follows that 0:2 is identically zero in the 
first order of approximation when J = 1/2. Using the 
terms ~: we get in the same manner from Equations 
(5)-(7) for a 2D3/2 state: 

2 1 0:0 = - g[gtc(nD3/2, P1/2) 
1 3 + 73tc(nD3/2, P3/2) +gtc(nD3/2, f s/2)] (10) 

and 

2 8 0:2 = g ~c(n O 3/z, P*I 2) - ~ g  ~(n O3/2, P312) 

+ 2~:(nD3/a,Fs/2). (11) 

The polarizability constants of a 2D5/z state are 

2 2 0:0 = - 5 [g tc(n D s/2, P3/e) 

+ ~ K(n D s/2, F s/2) + ~ ~r D s/z, F7/2) ] (12) 

and 

~ 2 = ~ [ K ( n O  s/2, P~/2) - A ":(n O s/2, F 5/2) 

25 (13) + agte(nD s/2,FT/2)] . 

For states not too close to the ionization limit, the 
sum ~: in (9) has in general one dominant term. By 
using the fractional contribution k,,/,j, of this term, 

oo 2 (!  "rdr) 
E(nLs)_E(n,  Ej,) ' 
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to the summations, Equation (9) may be written: 

co 2 
eZ (!R(ntj)R(n'l'f)rdr) 

~c(nLs'Es')=k,,cj, E(nLj)-E(n'Ej,) (14) 

It is then possible to determine the absorption oscil- 
lator strength f ,  z~,' t' for the transition involving the 
mainly contributing state, from the values of c% and 
e2 of the studied state. E.g. for a P~--~D transition we 
get 

120~Zmc 2 
f.z~,' r = ( -  1) z+l e 2 

4)'1/2 ]~23/2 ] 1 "(�89176176 [ k~/'2 3/2 23/2'3/2_,- 

1 j' 
�9 ~ ( 2 j ' + 1 ) { ~  1/2 1}' 

where 21/2, 3/z and 23/2, 3/2 are the wavelengths of the 
transitions P~/z~---~D3/2 and P3/z~---~Da/2, respectively, 
and kl/2 and ks/2 are the corresponding fractional 
contributions to the sums ~ in (9). We have here 
dropped the j-dependence of the radial integral in 
(14). The summation is made for the different j~j'  
wavelengths of the studied transition. For the light 
alkali atoms the fractions k are close to unity and 
may be calculated with high accuracy using the 
Coulomb approximation according to Bates and 
Damgaard [-9]. Oscillator strengths of some tran- 
sitions in sodium have been estimated by Harvey 

et al. [6] using Stark-effect data. In the case of the 
heavy alkali atoms, such as cesium, the radial in- 
tegrals have a j-dependence and the estimation of k is 
more complicated, due to an increasing spin-orbit 
coupling. The influence of the spin-orbit perturbation 
on the radiative properties is manifested, e.g. in the 
anomalous intensity ratios of doublet lines [10, 11]. 
In the sequence of S to P transitions in cesium, this 
ratio is changed from a value of 2 to values higher 
than 10 for some higher members in the sequence 
[12]. This is not according to the Coulomb approxi- 
mation, giving values from 2 to 4. However, this 
approximation by no means takes the spin-orbit per- 
turbations into full account. Thus, it is difficult to 
estimate k and give reliable values of the oscillator 
strength f 

3. Experimental Set-up 

A schematic diagram of the apparatus used in the 
Stark-effect measurements is shown in Figure 1. A 
small oven placed in a vacuum chamber produced 
the beam of the alkali metal to be Studied. The atoms 
in the beam were excited in a two-step process into a 
highly excited 2S state or 2D state. In the first step of 
the excitation process, the intermediate P state was 
populated by means of a powerful rf discharge lamp. 
The lamp cylinder, containing cesium or rubidium, 
was heated to approximately 130~ and excited in 
the coil of a push-pull oscillator. The wavelengths of 

STR,P \ 
N CHART 

~ ]  RECORDER 

DIGITAL~ 

Oven 1 I~VOLTMETER] 

POWER SUPPLY I 

Fig. 1. Experimental arrangement used in the Stark-effect measurements 
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the excitation lines to the fine-structure levels of the 
first P-state are 8521A and 8943A in cesium. The 
corresponding wavelengths for rubidium are 7800A 
and 7948 A. In the light beam of the cesium rf lamp a 
Schott RG780 coloured glass filter, which removed 
all wavelengths below 7000A, was used. The ru- 
bidium rf lamp was utilized with a Schott RG715 
filter with no transmission of light below 6700 it. 
In the second step of the excitation, the atoms were 
transferred to a highly excited 2S or 2D state by the 
radiation of a CW tunable dye laser. The laser system 
used in these experiments was a Coherent Radiation 
Model 490, pumped by a CR-12 argon-ion laser. We 
used the dyes Rhodamine 110 and Coumarin 6 to 
cover the wavelength region 5200-6000 A. By means 
of two quartz etalons, 10mm and 0.5 mm thick, pla- 
ced inside the laser cavity and tilted individually to 
the perpendicular plane of the cavity, all axial modes 
but one could be suppressed. The line-width of the 
laser output was about 75 MHz, due to jitter in the 
jet and the cavity. The single-mode frequency could 
be easily changed several GHz in steps of 313 (15) 
MHz, the mode spacing of the laser cavity, by further 
tilting the two etalons the same angle. The single- 
mode operation of the laser was controlled by a scan- 
ning Fabry-P6rot interferometer with a free spectral 
range of 1500 MHz, connected to an oscilloscope. 
In order to reduce the Doppler width of the atomic 
absorption lines, the laser beam was incident per- 
pendicularly to the moderately collimated atomic 
beam. 
Over the interaction region a homogeneous electric 
field was generated by two 6cm diameter electric 
field plates. The separation of the plates was 2.60 cm. 
Electric field strengths up to 7kV/cm could be ob- 
tained. 
The detection of fluorescent light in the cascade 
decay of the studied aS or 2D state was made with an 
EM19558 BQ photomultiplier tube. In the measure- 
ments on cesium the decay of the 7 zP1/2, 3/2 states to 
the ground state was studied and correspondingly, for 
rubidium the decay of the 6 2P~/2, 3/2 states. The stud- 
ied fluorescent light was selected for wavelength 
with interference filters at 458nm and 421nm, re- 
spectively. The interference filters were combined 
with different Schott coloured glass filters to further 
suppress the background light. 

4. Measurements and Evaluations of Stark Parameters 

Measurements of eo were performed for the 9 and 
102S1/2 and the 7 and 82D3/2 levels of rubidium, and 
for the 12 and 13ZS~/'2, the 9 and 102D3/'2, and the 10 
and 112D5/2 levels of cesium. We have earlier re- 
ported measurements for the 10 and llZSu2 levels 

122S,12---~ 

7 2P3,2 ~ - - - ~  72p,~ 

6 2S,/2__Ly " 

12 2S IM '12 ~ 'ooo ", 

62 P,12-- 'a t 
I I [ I } { 
0 1 2 3 & 5 

E[eetric field strength kV/cm 

Fig. 2. Stark-effect measurement for the 12 2S1/2 state of zaacs. The 
hyperfine structure in the S-state does not resolve 

and the 92D5/2 level of cesium [5]. The e2 param- 
eters of all these D-states have been measured ear- 
lier in our laboratory by level-crossing spectroscopy 
except for 112D5/2 in cesium [2, 3]. The 0~ 2 value for 
this latter state was measured in this work. 
In the experiments the energy levels were Stark- 
scanned by the application of an electric field. The 
levels were scanned till an excitation could occur for 
the set laser frequency. The electric field necessary for 
different transitions yielded information on the Stark- 
effect parameters. In the case of J = 1/2 states, the 0~ 2 
parameter is identically zero in the first order ap- 
proximation, as already noted. Therefore, the hyper- 
fine components of such levels are equally shifted by 
the Stark effect. This case is illustrated by the 
122S1/2-state of 133Cs" Figure 2 shows the recording 
of the hyperfine components of the transition 
62P1/2.--~ 122Su2 obtained when the electric field was 
scanned and the laser was running at a suitable 
single-mode frequency. The hyperfine structure in the 
zs1/2 state does not resolve. The recording was made 
by observing the fluorescent light emitted in the 
72P3/2.1/'2 ~ 62S1/'2 transition. By measuring the elec- 
tric fields E1 and 62, necessary to achieve the reso- 
nance condition for the well separated hyperfine 
components, the difference in the e0-value for the 
122Sa/2 and the intermediate 62P~/2 states can be 
calculated from Equation (1), as the separations of the 
hyperfine components of 133Cs are known from the 
literature (see e.g. [3]). 
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Fig. 3. Stark-scans for the 5 2p1/2--~92S1/2 
transition in rubidium. The level schemes for 
both stable rubidium isotopes are shown. The 
individual isotopes could be enhanced by using 
separated isotopes in the rf lamp, used for 
populating the intermediate 5 2P1/2 state 

A similar experiment for rubidium is shown in 
Figure 3, illustrating the scanning of the energy levels 
of the 92S~/2 state of rubidium. There are two ru- 
bidium isotopes, 85Rb and 87Rb. These have abun- 
dances of 72 % and 28 %, respectively, in the natural 
rubidium used in the atomic beam. These isotopes 
have different hyperfine structures as is illustrated in 
the figure. Further, there exists an isotope shift in the 
transition. This means, that the centres of gravity for 
the hyperfine components of the two isotopes do not 
coalesce. The excitation and detection scheme for the 
measurements is shown in Figure 4. In order to simp- 
lify the evaluation of the experiment we used the 
following procedure: By using enriched 8SRb or 
87Rb in the lamp cylinder of the rf lamp, the popu- 
lation in the 52P~/2 state of one of the isotopes was 
enhanced. This implied that the relative strengths of 
the signal components for the isotopes were changed. 
Figure3 shows recordings obtained using the two 
different isotope lamps. It can be noted that even 
with an 87Rb rf lamp one can observe the transitions 
for 8SRb. This is due to the partial overlap of the 
different isotope lines of the rf lamp caused by the 
Doppler broadening. Thus the 52pt/2 state in 85Rb 
is populated to some extent. In the other case, with 
an 85Rb rf lamp, the transitions of 87Rb are not 
observed because of the smaller percentage of 87Rb 
in the atomic beam. The hyperfine structure in the 
92S1/2 level in 8SRb is not resolved in our experi- 
ments as the splitting is too small, but for 87Rb the 

upper state splitting can be seen. The evaluation of 
the Stark parameter is made in a similar way as for the 
previously described experiment in cesium. The nec- 
essary hyperfine-splitting constants are known from 
the literature [2]. For the isotope shift between the 
two rubidium isotopes we evaluated for the 5579/~ 
line A~r(87,85)=+76(20) MHz. This value is very 
close to the normal mass shift, +79 MHz [13]. 
Another way to obtain the same information on the 
Stark effect without using the hyperfine splittings, is 
to change the single-mode frequency of the laser 
beam in the measurements. The procedure is as fol- 
lows: The electric field El, necessary for one of the 
components of the transition to occur is measured. 
The single-mode frequency is then shifted by a cer- 
tain number of discrete mode-hops, observed with the 
spectrum analyzer, whereupon the electric field E2, 

92S 
6 P'/2 

,2 /   S579 A 

5 2S, /2- - - -  
Fig. 4. Excitation and detection scheme used in the measurements, 
illustrated in Figure 3 
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Fig. 5. Stark-effect measurement for the 7 2D3/2 state of rubidium. 
The structure is due to 85Rb, as an rf lamp, containing only this 
isotope, was used 
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Fig. 6. Stark-scan for the 6 2p1/2-10 2D3/2 transition in 1~3Cs. As 
the ~2 parameter is previously known, the % value can be eva- 
luated from a curve like the one displayed in this figure 

corresponding to the same hyperfine component and 
the new laser frequency, is measured. Using the read- 
ings E 1 and ~2 together with the known frequency 
shift, the difference between the c% parameters of the 
studied 2S1/2 state and intermediate 2P1/2 state can be 
obtained from Equation (1). 
In cases where the scalar polarizability ~o in states 
with tensor polarizability c%=#0, are to be de- 
termined, the same type of measurements can be used 
if the c~ 2 value is known, again using (1). The e2 
values of all the studied states, except 112/)5/2 in Cs, 
are known from Refs. [2, 3]. The hyperfine structure of 
the studied 2/) states is completely negligible compared 
to our resolution. Figure 5 shows as an example the 
splitting of the 72D3/2 state in 85Rb due to the 
electric field. The level is split into two levels with 
different absolute values of rnj. In this case also the 
splitting due to ~2 is too small to be resolved at the 
electric field strengths used. The figure shows the 
curve obtained when the field was scanned and the 
laser was running in a single axial mode at a certain 
frequency. 
The ~0 parameters in the 2D states of 133Cs were 
determined in still another way. Examples are given 
in Figures6 and 7, showing the electric field de- 
pendence of the 102/)3/2 and 102D5/2 levels of 133Cs. 
The 102D3/2 level is scanned into two sublevels, each 

of them with a positive contribution to the energy. 
This is described by (1), from which we get the 
additional energy terms 

- -  I(~XO ~- ~2) ~2 for ImjI--- 3/2 

and 

- �89 2 for ImjI = 1/2. 

A recording of the fluorescence light emitted in the 
72P1/2, 3/2-~62St/2 transition as the electric field was 
scanned and the laser was running at a suitable 
frequency, is also shown in the figure. The scanning 
and splitting of the 1021)5/2 level of 133Cs is dis- 
played in Figure 7. In this case we get three sublevels, 
with the following contributions to the energy: 

- �89 + c 2),5 2 

1 1 2 
- ~ ( ~ o - ~ 2 ) ~  

and 

1 4. 2 

for I rn:[ = 5/2, 

for ImJl=3/2 

for ImjI = 1/2. 

We have found the energy term of the [mal= 5/2 level 
to be negative and the others to be positive. The 
upper part of Figure7 shows an experimental curve 
obtained as the electric field was scanned and the 
laser frequency was somewhat higher than the 
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Fig. 7. Stark-scans for the 6 2P3/z - 10 2D5/z 
transition in i33Cs. Curves for the laser 
frequency set above and below the field-free 
resonance value are shown. The splittings 
between the sublevels of the 62P~/2 state are 
151, 201, and 252 MHz 

frequencies of the transitions studied in the absence 
of the electric field. Since the [ms] = 5/2 sublevel is 
scanned with a negative contribution to the energy it 
can not be reached with the same laser frequency, but 
requires a laser frequency somewhat lower than the 
transition frequency in the absence of the electric 
field. Such a recording is shown in the right part of 
Figure 7. 
The measured electric field strengths E1 and E2, neces- 
sary to get contact with the sublevels ]rnsl = 1/2 and 
Inbl--3/2 of a certain ZD-state in 133Cs, give us 
together with the known % constant what is needed 
for the determination of c% according to the ex- 
pressions given above. 
In the state l12Ds/2 of 133Cs, where the e2 constant 
had not earlier been determined, all three measuring 
methods, described above, were performed. By com- 
bining the method using the hyperfine splitting of the 
2P3/2-state with the last one described, and similarly 
combining the method of changing the laser fre- 
quency with the last method, both the eo and c~ 2 
parameters of this state were determined. In Figure 8 
a high-field measurement for the l lZDs/z state is 
shown. The hyperfine structure of the 6zP3/2 state 
does not resolve as in Figure 7, due to the field-inhomo- 
geniety broadening of the signal components. For most 
of the states studied in this work, two or three of the 

60l+ MHz 

62p,,2 - t 
L 

E = 0  1 

~o=45s~a/--J " -  6 ~P. 

--% 

t 
, I , I , _ 3 _  

2 3 14 
Elec t r ic  f ield s t r e n g t h  kV/cm 

Fig. 8. Stark-effect measurement for the 11 2D5/2 state in 133Cs. 
The P-state hyperfine structure does not resolve in this case 
because of the field-inhomogeniety broadening of the signal com- 
ponents present for large Stark shifts like the ones displayed 
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Table 1. Experimental values of polarizability constants obtained 
in this work 

State s o MHz/(kV/cm) 2 c~ 2 MHz/(kV/cm) 2 

CS 10 2SI/2 123(6) 
11 2S1/2 322(16) 
12 2S1/2 720(45) 
13 2S1/2 1650(170) 
9 2D3/2 - 360(30) 
9 2D5/2 - 509(25) 

10 2D3/2 -- 1150(170) 
10 2D5/2 - 1340(130) 
11 2 D 5 / 2  -3790(350) 

Rb 9 2S1/2 102(9) 
10 2S1/2 280(25) 
7 2D3/2 84(6) 
8 2D3/2 211(18) 

4010(400) 

mentioned methods were used for obtaining inde- 
pendent information. In order to ascribe eo values to 
the S and D levels studied in this work, we have 
applied a small correction for the intermediate P 
states to the values measured. The tensor polarizabil- 
ities of the intermediate 2P3/2 states are extremely 
small and are therefore neglected. In cases where 
signal components overlap, we have used the 
theoretical intensities for calculating the "effective" 
positions. The results of the Stark-effect measure- 
ments are given in Table 1. Apart from the statistical 
noise, the electric-field and the mode-separation un- 
certainties determine the errors. Further, some of the 
measurements are influenced by the uncertainty in 
previously measured c~2-values. 

5. Discussion 

For all the studied states, theoretical calculations 
have been performed using the method of Bates and 
Damgaard [9]. In this method the radial integrals, 

determining the Stark-effect parameters, are calculat- 
ed with the approximation of a Coulomb potential 
for the outer electron. However, the method is not 
wholly theoretical, as the experimentally determined 
energy levels are used in the calculations. Radial 
integrals between the studied level and levels up to 
12F and l l P  for Cs and Rb, respectively, have been 
taken into account in these calculations of the eo and 
~2 parameters. 
The scalar and tensor polarizabilities of Rb and Cs 
obtained in this work and those known from the 
literature are listed in Tables 2 and 3, together with 
the theoretical values. A fair agreement exists be- 
tween the experimental and theoretical values. 
For the D-states in the light alkali metals, there exist 
simple, approximate relationships between the Stark- 
effect parameters. This is due to the weak spin-orbit 
coupling in such states. From Equations (5), (6) and 
(7) we then obtain, dropping the j dependence of the 
radial integral in (7), and neglecting fine-structure 
splittings 

~o(n  2D3/2) ----= ~o(n  2D5/2) 

and 

~o~2(n205/2)=~2(n203/2). 
In rubidium and cesium, however, the spin-orbit cou- 
pling is much larger causing a substantial fine-struc- 
ture splitting and mixing of the states in a 2Lj se- 
quence 1-10-12, 14]. This leads to strong anomalies, 
e.g. in the doublet intensity ratios, as discussed in 
Section2. Clearly, the assumptions leading to the 
simple relations given above are no longer valid. It 
is also found from the experimental values for Rb 
and Cs, given in Tables2 and 3, that no simple 
relations exist. In view of this the Coulomb approxi- 
mation values for the Stark interaction constants are 
in astonishingly good agreement with experiment. 
We have already earlier pointed out certain difficul- 

Table 2. Experimental and theoretical values of the Stark effect parameters for excited states in Rb 

State % exp ~o theor c~ z exp c~ 2 theor 
MHz/(kV/cm) 2 MHz/(kV/cm) 2 MHz/(kV/cm) 2 MHz/(kV/cm) z 

9 281/2 102 (9) 103 
10 2S1/2 280 (25) 271 
5 zP3/2 - 0.040 (6) 
62P3/2 - 0.521 (21) 
7 2P3/2 - 3.2 (2) 
62D3/2 - 0.105 (7) 
62D 5/2 0.94 (5) 
7 2D3/z 84 (6) 83.3 4.95 (25) 
7 205/2 11.90 (60) 
8 2D3/2 211 (18) 233 27.0 (1.4) 
8205/2 56.9 (3.0) 
9 2D5/2 180.3 (9.0) 

-0 .134 
0.867 
4.67 

11.2 
26.5 
52.8 
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Table 3. Experimental and theoretical values of the Stark-effect parameters for excited states in Cs 

State a 0 exp % theor o~ 2 exp cq theor 
MHz/(kV/cm) 2 MHz/(kV/cm) 2 MHz/(kV/cm) 2 MHz/(kV/cm) 2 

10 zS1/2 123 (6) 118 
11 2S1/z 322 (16) 309 
12 2S1/2 720 (45) 709. 
13 2S1/2 1650 (170) 1490 
62P3/2 0.398 (60) 0.427 - 0.065 (10) - 0.059 
7 2P3I 2 9.269 - 1.077 (43) -0 .172  
8 zPa/2 70.299 - 7.6 (3) - 7.523 
8 2D3/2 82.5 (4.0) 83.9 
8 2D5/2 182 (10) 168 
9 2Da/2 - 360 (30) - 348 313 (15) 295 
9 2D s/2 - 509 (25) - 4 4 0  660 (35) 592 

10 2D3/2 - 1150 (170) - 1052 840 (40) 848 
102D5/2 -1340(130)  - 1 3 1 9  1770(90) 1705 
11 2Ds/2 -3790(350)  - 3 3 8 3  4010(400) 4255 
13 2D5/2 19 (1) • 103 20 x 103 
142D5/2 37(2) x 103 38 x 103 
15 205/2 70(4) • 103 70 • 103 
16ZDs~z 120(6) x 103 124 x 103 
17ZD5/2 199(10) x 103 213 • 103 
18 2D5/z 323 (16) x 103 348 x 103 
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ties in deriving oscillator-strength values from the 
Stark effect parameters for the heavy alkali atoms. If 
we use the method outlined in the theoretical section 
we get, e.g. for the 12s~12p and l l p ~ 1 0 d  tran- 
sitions in cesium, the absorption oscillator strengths 
4.22 and 1.47, respectively. The corresponding 
theoretical values are 3.67 and 1.57, respectively, cal- 
culated in the Coulomb approximation. However, 
these values are not quite reliable, as the strong spin- 
orbit interactions are not taken fully into account by 
the theoretical model used. A discussion of the Stark 
effect and the influences of the spin-orbit per- 
turbations for the alkali metals will be given in a 
forthcoming paper. 
The experimental technique used in this work may be 
applied in measurements, not only yielding the Stark 
interaction constants. Also small energy separations 
like isotope shifts can be measured, as was de- 
monstrated. The method does not require a complex, 
continuously scanable single-mode laser, although 
such a laser has certain advantages in high-resolution 
laser spectroscopy. 
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