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effect. Quantitative interpretation of heavy-ion experi-
ments on reorientation appears possible in view of the
following circumstances: (1) excitation of an inner s
electron such as Ss in Pt is not directly harmful, the life
of the hole being short; (2) occupation of shells such as
5p and 5d, as well as small overlap of atomic eigen-
functions for different ~s, reduces the probability of ex-
citation; (3) reinoval of an outer electron such as 6s of
Pt may even be a simplif'ication; (4) coincidence experi-
ments' on ions and gamma rays provide an internal
consistency test of the theory; (5) application of
magnetic Gelds' to the target, especially along the
p-ray direction, should test for the presence of hfs
eGects and, barring existence of long-lived atomic states
with larger than usual hfs, should eliminate them.

A recoil energy of 9.4 AIev is imparted to Pt"' by a
N" ion with energy adjusted to give the distance of
closest approach obtained with 5-AIev protons. The
corresponding recoil velocity, c/98, sufFices for excita-
tion of outer electrons of Pt in atomic collisions and
modifies the hfs effect. This effect is largest for head-on
collisions which do not produce a reorientation effect on
the distribution of p rays following Coulomb excitation
from I=O to I=2.

The sources of error mentioned above operate in
addition to the well-known possibility of axis deorienta-
tion by inhomogeneous electric fields.
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1 'HE electron spin resonance absorption in
F centers was first observed by Hutchison' and

investigated in detail by Kip et al. ' They were unable
to resolve any hyperfine structure but Kip et al.' calcu-
lated the contact term of the hyperfine interaction
from the measured line width. In this letter we wish
to report the direct experimental determination of the
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Fit:. 1. Interaction of the F center electron in KCI with its
nearest chlorines and K". The magnetic field is parallel to the
(100) direction. The additional structure on the chlorine line is
the result of quadrupole interaction.

hyperfine and quadrupole interactions of the F center
electron with its nearest neighbors.

The fact that the F center line is inhomogeneously
broadened' makes it possible to apply the electron
spin double-resonance4 technique to this problem. In
this technique the electron spin resonance line is
partially saturated. Upon application of an auxiliary
radio-frequency field, whose frequency corresponds
to the interaction energy of the F center electron with
one of its neighboring nuclei, the saturation parameter
is changed, resulting in a change of the microwave
signal. Since the nuclear line width was found to be
of the order of 20 kc/sec in comparison to 150 iilc/sec
for the electron line width, this technique improved the
resolution by about four orders of magnitude.

The F centers were produced by bombarding KC1
with 1-Mev electrons, which resulted in an F center
concentration of 2)&10"cm '. The sample was placed
in a magnetic field of 3000 oersteds at 1.2'K and
partially saturated with a microwave field at 9000
Mc/sec. Figure 1 shows the microwave signal when
the auxiliary radio field is swept between 3.4 and 6.2
Mc/sec. This part of the spectrum is due mainly to the
interaction of the electron with its nearest chlorines
(and partly to the K4' which are only 7% a,bunclant).
This run was made with the magnetic field parallel to
the L100] direction of the crystal. When the angle
0 between Ho and the [100] direction is changed, the
pattern changes as indicated in Fig. 2. This anisotropic
part of the hyperfine interaction is a measure of the
p character of the wave function. Each of the lines in
Fig. 2 can be associated with a chlorine at a particular
lattice site as shown in Fig. 3. The additional splitting
of the lines (see Fig. 1) is due to quadrupole interactions
of the chlorines (I=3/2) and is a measure of the
electric Geld gradient at the respective nuclei. The
interaction of the electron with its nearest potassium
nuclei was analyzed in a similar fashion.

The experimental results may be conveniently sum-
marized by writing for the part of the Hamiltonian
describing the nuclear interaction in a crystal with
axial symmetry':

3c=a(I S)+b (3I.S. I S)+Q'LI. ,'—-,'I (I+1)—]. (1)
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