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that electric fields operating on the H(2S) atoms
do produce partially polarized quench radiation.

The dilemma presented by these results is
now understood thanks to Fano,® who pointed
out that Lichten was in error in assuming that
because the 2%P,,, state is about ten times as
far removed in energy from the 2S metastable
state as is the 22P, , state, its effects could
be neglected in the weak-field, Stark-mixing
problem. Although the 22P,,, admixture is on-
ly about 10% of that of the 22P, , state, both
states should be retained in a time-independent
perturbation expansion. The dipole matrix
element for radiation to the ground state then
consists of two terms, one involving the 2P, ,
state and the other the 2P, state. Upon squar-
ing to find the radiation intensity, a cross pro-
duct between these terms results which would
be of the order of 20% of that from the *P,,,
state alone.®

We have worked through the details of this
elementary calculation, neglecting hyperfine
effects, and find that a polarization of -32.9%
is predicted. Whether the slight discrepancy
between the preliminary experimental value
of —=30% and the theoretical value —-32.9% has
any significance is not known at present.

This newer value of the polarization affects
the cross sections for excitation to the 25 state
obtained from the data of Ref. 2, by increas-
ing the values approximately 10% above those

given in Ref. 3. Based on those data, the max-
imum in the cross section at approximately

12 eV would be about 0.187a,?, which is only
about 20% less than the recent calculated val-
ue of Burke, Taylor, and Ormonde® using close
coupling with correlation terms.

We are deeply indebted to Professor U. Fano
for pointing out the correct theoretical argu-
ments, thereby making unnecessary a major
effort to prove even more conclusively on ex-
perimental grounds that the apparatus was func-
tioning properly, and to Professor E. Gerjuoy
for his interest in and discussion of this and
other experiments involving hydrogen atoms.
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The purpose of this Letter is to report the
observation of an effect caused by the frequen-
cy correlation of photons emitted in a cascade
transition.? The experiment consists of mea-
suring the frequency profile of the 0.6096-um
radiation (neon 2p, ~1s,) spontaneously emit-
ted along the axis of a 1.15-um (neon 2s, —2p,)
He-Ne laser. Since the laser radiation can
stimulate emission only in those atoms with
a narrow range of axial velocity, there is an
excess number of atoms with certain axial ve-
locities in the 2p, state. This velocity selec~
tion causes bumps to appear on the Doppler-
broadened 0.6096-um line at frequencies giv-
en by wr’=wpe + (Wpe/wap)(Q@-wgp) and wr’
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= wpe =(wpe/wap) (R-wyp). wr’ is the frequen-
cy of the 0.6096-um radiation in the laborato-
ry; a, b, and c are the 2s,, 2p,, and 1s, states,
respectively; kwgp is the 2s,-2p, energy dif-
ference; hwp, is the 2p,—1s, energy difference;
and the laser is tuned to frequency . The widths
of the bumps are' y1 =(wpe/wap)lvqg +7vp) +vp +ve
and yg = (wbc/“’ab)(?’a +vp)=vp +yc, where the
higher frequency bump is the broader when
>w,p, and the lower frequency bump is the
broader when Q <wg,p. Since the areas of the
bumps are equal, there is also a difference

in the heights. The difference in the widths

and heights is caused by the correlation between
the frequencies of the 2s, —2p, radiation and
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the 2p, — 1s, radiation.?

The presence of the bumps has been report-
ed by other workers,?™ but the widths were
thought to be equal, and the signal-to-noise
ratios were too low to be able to distinguish
an unambiguous difference in widths of heights.
The purpose of the present experiment was
to search for a difference in the bump widths
and heights; the presence of a difference con-
stitutes a direct confirmation of the Weisskopf-
Wigner® and Heitler® theories of the spontan-
eous emission process.

The apparatus used in this work is almost
the same as that described in Ref. 4, except
a different laser is used, and a chopper and
phase-sensitive detector have been added.

The principal elements are a laser, a Fabry-
Perot interferometer, a monochromator, and

a phototube. These elements, in that order,
with collimating lenses between them, are placed
on a line defined by the 1.15-um laser beam.

A chopper between the laser mirrors serves

to turn the laser beam on and off without dis-
turbing the discharge. The chopper is neces-
sary because the bumps are superimposed on

a large background, due to emission from atoms
which reach the 2p, state by means other than
stimulated emission from the 2s, state, e.g.,
electron bombardment. Under the conditions
reported here, the bumps are only a few per-
cent of the background. A 31-cm-long hemi-
sphere laser is used at a pressure of 0.1 Torr
neon, 0.5 Torr helium.

The accuracy of the measurement is limit-
ed by shot noise, by drifting of the laser fre-
quency, and by the resolution of the Fabry-
Perot interferometer. The strength of the sig-
nal is limited by the fact that the laser has to
be operated near threshold to avoid multimod-
ing, and by the necessarily small angle of ac-
ceptance of 0.6096- um radiation about the la-
ser axis. (The half-angle of acceptance used
in this work, 0.025 rad, causes an addition
to the bump widths of 17+4 Mc/sec.) Because
the laser must be tuned to one side of the “Lamb
dip”” to obtain a separation of the bumps, it
is not stabilized; drifts in the laser frequen-
cy put a lower limit on the speed of the Fabry-
Perot scan. The scanning rate is about 6 min
per order. For the data used in the analysis,
the laser frequency changed by less than 5 Mc/
sec over one order. Such a change in Q caus-
es a change in the bump separation of about
20 Mc/sec over an entire order, or about 8

Mc/sec over the portion of the bumps used in
the analysis. The instrumental width due to
the interferometer and monochromator system,
95+ 10 Mc/sec, was measured with a commer-
cial 6328-A laser. A fairly short interferom-
eter spacer is used (6.6 cm) in order to obtain
a large enough spectral range (2275 Mc/sec)

to include a complete picture of the separat-
ed bumps.

Typical recorder tracings of the bumps are
shown in Fig. 1. w;’ increases to the right.
Several interferometer orders are shown to
demonstrate the fact that the difference in heights
is not caused by drifting of the laser power.
Figure 1(a) corresponds to Q-wg,p =+160 Mc/
sec, and Fig. 1(b) is for Q=-w,p ==170 Mc/sec.
(The values of Q-w,p are obtained from a knowl-
edge of where the laser is tuned on the “Lamb
dip”; the bump separations correspond to the
measured values of Q-wg,p.) The difference
in the bump heights is evident. Additionally,
it is seen that the order of the bump heights
depends in the predicted way on the sign of
Q-wqgp. To within the errors, the bumps can
be fitted with Lorentzian line shapes.? Since
both the shot noise and the instrumental width
are rather large, this does not constitute a
very stringent test of the bump shapes.

Table I gives the mean fractional difference
in bump heights and the mean fractional differ-
ence in widths obtained from 14 pairs of bumps.
The difference in the measured bump heights
is 14+2 %, and the difference in the measured
widths is 15+ 4 9. The errors quoted are sta-
tistical and comprise two standard deviations
of the mean. The systemic errors are estimat-
ed to be within the statistical errors. The width
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FIG. 1. (a) Four interferometer orders showing the
bumps with Q@>wgp. (b) Four interferometer orders
showing the bumps with Q<wagbp.
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Table I. Bump parameters.

(Difference in heights)/(Average height)
(Difference in widths)/(Average widths)
Measured widths

Difference in measured widths

Yb'

Instrumental width

Average bump width minus instrumental width=%y

(Difference in measured widths)/y
g’ +vp')/2Ku from “Lamb dip”
Ku

,-yal +;Yb,

Yd

ve'

0.14+£0.02
0.15+0.04
225+ 8 and 262+ 8 Mc/sec
37+11 Mc/sec
18+6 Mc/sec
112+ 12 Mc/sec
132+ 14 Mc/sec
0.28+0.09
0.07+0.01
550+30 Mc/sec
77+12 Mc/sec
59+ 14 Mc/sec
—13+27 Mc/sec

measurement is less accurate than the height
measurement because the widths are affected
more by small changes in the bump separation.

The values obtained for other quantities of
interest are also shown in Table I. If there
were no collisions, the difference in the mea-
sured bump widths would be 2yp, and the av-
erage of the larger and smaller widths, y, would
be (wp./wap) v, +vp) +7,- Since y, +yy can
be deduced from the shape of the “Lamb dip,”
values for all three widths could be obtained
separately. The effect of collisions is to in-
crease the widths and possibly to destroy the
frequency correlation and alter the atomic ve-
locities. If an atom in state b has its veloci-
ty changed by a large amount in a collision,
it does not contribute to the bump intensity;
small changes in velocity would tend to increase
y. If it is assumed that the only effect of the
collisions is to increase the widths to the col-
lision-broadened widths y,’, yp’, and y.’, then -
it is possible to make comparisons among quan-
tities obtained from the bumps and those got-
ten from the shape of the “Lamb dip.” Such
a comparison was made but, of course, should
not be taken too seriously, pending a further
investigation of pressure effects.

The difference in measured widths gives a
value for y;’ of 18 +6 Mc/sec. The average
bump width minus the instrumental width is
132+ 14 Mc/sec; this is equated to (wpo/wgp)
X(yq' +vp') +vo'- The quantity (y,’ +yp’)/2Ku,
where 2(In2)*2Ku is the Doppler width of the
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1.15-um line, was deduced from the shape
of the “Lamb dip” at low power levels. The
temperature of the atoms, and hence Ku, was
found by measuring the Doppler width of the
0.6328-pum line. The value of Yq' *tvp’ from
the “Lamb dip” was then combined with the
values of y3’ and ¥ to obtain y,’=59+ 14 Mc/sec
and y,’==13+27 Mc/sec. Because of the pres-
sure effects mentioned above, the quoted val-
ue of vy’ is probably smaller than the true val-
ue, and the quoted value of y,’ is probably too
large.
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