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In this Letter we report the experimental
observation of the quadratic Stark effect of the
F center in KC1. The effect was observed in
absorption at liquid-nitrogen temperature by
applying to the crystal an ac electric field of
frequency v and detecting the modulation (at
a frequency 2v) of a monochromatic beam of
light traversing the crystal perpendicularly
to the field. The variation of the absorption
coefficient Ao = —(1/x)AI/I of a crystal of ad-
ditively colored KC1 is shown, as a function
of the energy of the photons, in Fig. 1. The
measurements were taken with unpolarized
light, though it was verified that no Stark ef-
fect was detectable with light polarized perpen-
dicularly to the external field. Figure 2 shows
the dependence of Aa/a at the maximum of
the F band upon the square of the electric field.

The results of Fig. 1 show that the main ef-
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FIG. 1. Relative change of the absorption coefficient
in the region of the F and K bands due to an applied
electric field F =45 kV (peak)/cm.

fect of the external perturbation is a broaden-
ing of the F band, which roughly conserves

the area, on which is superimposed a small
exchange of area between the F and the K bands.
The fractional decrease of absorption at the
peaks of the F and K band is

AaF/aF: -2.8x107%;
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AaK/aK 10.9 1075, 1)

The theory of the Stark effect has been given
by Henry, Schnatterly, and Slichter! who con-
sider the effect upon the various moments of
the F band of an external perturbation. They
assume that the electric field mixes the near-
ly degenerate 2S and 2P states giving rise to a
second-order Stark effect. The theory shows
that (i) the area of the shape function?® is not
changed by the perturbation, (ii) the change
of its first moment is also zero, and (iii) the
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FIG. 2. Fractional decrease of the maximum of the
F band as a function of the square of field strength.
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second moment shows a positive variation that,
for linearly polarized light, and for a field F
in the z direction, is

(AB % =(aE H=0; (AE %) =(FP|(Blz 0%, (@)

I8) and |y) being the 2P, and 2S electronic or-
bitals. In case the distance between the 2S and
2P levels is much smaller than the width of
the F band, the small increase of the second
moment and the conservation of the area lead
to a fractional decrease of the peak of the F
band:

Aa/a =—(AE22>/2(E2>. (3)

The experimental results of Fig. 1 agree very
well with the above predictions (if one neglects
for the moment the exchange of area between
the F and the K band) and show that the ener-

gy difference between the 2S and 2P states is
smaller than the width of the F band. The ma-
trix element in (2) is easily evaluated from

the experimental results and has the approx-
imate value 4a,.%

The exchange of oscillator strength between
the F and the K band can also be explained,
along the lines of the above theory (applied to
the case of nonoverlapping bands), as due to
the mixing of the 2S state with the nP-like states
responsible for the K band.? This interpreta-
tion predicts the correct sign (negative) for
Aag. On the contrary, were the K band due
to transitions to S or D states,® one could ex-
pect a positive Aag caused by the interaction
with the excited 2P state.®

A straightforward application of the theory
of Slichter and co-workers gives for the change
of area of the K band

AA X [{B1z16)|?
——= (e F)?

" o_r 0)2>
Ak (Egp—Egg)

(4)

|6) being the 3P, electronic orbital. Since the
matrix element in (4) cannot be much larger
than that in (2),” comparison of (4), (2), and
(1) shows then that (E3P°—E28°)2 is smaller
than (E%); i.e., the energy of the 2S state is
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larger than that of the 2P.

In principle, the energy of the 2S state could
be obtained by means of an accurate analysis
of the asymmetry of the variation of the shape
function. However, a noticeable amount of bleach-
ing of the F band is observed during the mea-
surement even at liquid nitrogen temperature.
More accurate measurements of the effect at
liquid helium temperature are now in progress.

Experiments done with thick specimens in
the regions of the L bands did not show any
effect of an applied electric field to the exper-
imental limit Ae/a<5x1078. The L bands
are due to transitions from the ground state
of the F center to higher excited states.®»°

In case the final state were a state of the
conduction band at some critical point,’° one
would expect a rather larger effect similar
to the well-known Franz-Keldysh effect. The
present experiments seem to indicate that the
L bands are not due to transitions to the con-
duction band or that the effective mass involved
is extremely high.
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