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The possibility of modulating a light beam at
rf resonant frequencies by applying rf energy to
an optically pumped spin system has been amply
demonstrated theoretically'~' and experimental-
ly. '~4 We report here an interesting converse—
that of modulating the light source at frequencies
close to the Larmor frequency and observing a
precessing spin polarization induced by the
modulated light. The resulting resonance has
quite different characteristics from the usual
rf magnetic resonance; in particular, it does
not show saturation effects although the line-
width does depend in part on the average inten-
sity of the incident light. This is, to our knowl-
edge, the first time that an rf resonance effect
has been produced by means that do not involve
variation of a field directly coupling the rf-
separated energy states.

The effect may be observed in optically pump-
able spin systems such as alkali metal vapors'~'
or metastable helium' by applying circularly
polarized resonance radiation at right angles to
the magnetic field Ho (Fig. I). In an earlier
paper' we developed a phenomenological treat-
ment of optically pumped spin systems that in-
cluded the effects of several light beams. If we
adhere to the notation of reference 3, and spe-
cialize to a single light beam perpendicular to
Hp and no rf field, we obtain the fo allowing equa-

tions for the spin system:

dF/dt+iyH F+F/S =P BR',

dM /dt+M /S =0,
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FIG. 1. Block diagram of apparatus. The inter-
ference filter is employed in alkali vapor to remove
the S&2—P3/2 resonance radiation. In the metastable
helium experiment no interference filter is used, and
a high-frequency electrodeless discharge must be
applied across the absorption cell to generate meta-
stables.

where F =M~+iM&, P~ is the pumping rate of
the light, S, and S, are relaxation times including
effects of the light, and 5R' is the equilibrium
polarization that would be produced by the light
in the absence of a magnetic field and thermal
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relaxation effects. Normally (with no modula-
tion) the steady-state solution is very small
(Mz = 0, E ~ 1/yHO). However, let the light be
modulated so that

I' = a+ 5 cosset,
x

I/S, =R+5 cosset,

then a large steady-state solution exists of the
form

1
t

B+i4~
where he =y00 - v.

The effect can be observed most easily as a
change in average intensity of the transmitted
light. The absorption of light by the cell is pro-
portional to P~(1 -M„), and the resulting signal
in the photocell is then proportional to

Ig5'm'
, + (terms at e and 2v),8 +A(d

which represents a secular increase in the trans-
mitted light at resonance.

One can picture the effect as follows. If one
takes a "snapshot" of the system at t = 0 in a
time short compared with a Larmor cycle, the
effect of 0, is a negligible perturbation and the
light "pumps" a small amount of polarization in

the x direction. This polarization immediately
starts to precess in the xy plane at the Larmor
frequency and is added vectorially to the polar-
ization produced at all other instants of time.
For unmodulated light this vector sum is clear-
ly very small or zero. If the light is modulated

at the Larmor frequency, however, then the
polarization produced at t =0 is not exactly can-
celled by that produced at t =w/v and is rein-
forced by the polarization produced at t = 2m/v,
4n/v, etc. An equivalent point of view is to con-
sider the system in a coordinate system rotating
at co; since the "rotating" lamp is turned on only
when it is pointing in a certain preferred direc-
tion, it is effectively stationary in a frame of
reference for which the effective magnetic field
is very weak. Optical pumping then takes place
as if the effective field were parallel to the light
beam.

We have observed the effect in Cs and Rb vapor
at i,armor frequencies between 175 and 350 kc/sec,
and in He at 1.4 Mc/sec. Helium provides the
best demonstration of the effect because a great-
er index of modulation can apparently be achieved
than with alkali vapor lamps, and the signal is
proportional to the square of the modulation in-
dex. In He with 60-cycle sweep and about 60%
modulation of the lamp exciter carrier, the
signal is comparable in amplitude to the stand-
ard magnetic resonance signal.

We are investigating the possibility of extend-
ing this technique to higher resonant frequbncies.
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The search for the leptonic decay modes of the
Z hyperons has not been entirely successful until

now. The only previous positive evidence' is the
decay in flight of a Z particle of unknown charge.
If the decay particle is taken as a pion, the Q
value would be too high by two and one-half times
the quoted error. Recent systematic search for
the leptonic decay in the bubble chamber among
a much larger sample of decays has yielded no

further conf irmation of th ese decays. '

We report here a clear example of the decay
Z -e + v + n. It was obtained in an exposur e of
the Columbia-Brookhaven 30-in. propane chamber
to a 2-Bev p beam at the Brookhaven Cosmo-
tron. The event is reproduced in Fig. 1. The
incident pion produces one long positive prong,
a V', and a prong which breaks sharply after
7 mm. Measurements on these tracks are given
in Table I. There is no question that the track
which is emitted almost straight back from the
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