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p = pa .(~T) 4' x/a
y +b'

dyy'~48 ',
(4)

where b' = 4wcpo(3K~/2mkT)~~2 and & is defined in
Eq. (2). Equation (4) states p is proportional to

(sp/sP)r ~~2 [in contrast to Eq. (1)]. Thus, on ap-

this is because the percolation probability P(E) has
been taken as unity, with the C(E) of EC - 0. 5.
The point of this note is to display the dependence
of p, on (Sp/BP)r r . Equation (3) becomes

proaching (p„T,), p should decrease drastically.
It would seem that electron-mobility measure-

ments in neon could directly reveal information
about the critical point. Since the average elec-
tron energy is - t/", the electron is a probe with a
typical dimension - 30 A. The dip in p is analogous
to the phenomenon of critical opalescence. Care
will have to be taken in analyzing experimental
data to ensure that any observed dips are due to
critical-point fluctuations, and not to stable bubble
formation.

*Work supported by an F. G. Cottrell Grant from Re-
search C orporation.

R. Cantelli, I. Modena, and F. P. Ricci, Phys. Rev.
171, 236 (1968).

R. M Ostermeier and K. W. Schwarz, Phys. Rev. A

(to be published).
3B. E. Springett, Phys. Rev. 184, 229 (1969).
4B. E. Springett, M. H. Cohen, and J. Jortner, Phys.

Rev. 159, 183 (1967).
5T. Miyakawa and D. L. Dexter, Phys. Rev. 159, 183

(1967).
6T. P. Eggarter and M. H. Cohen, Phys. Rev. Let-

ters ~25 807 (1970).
T. P. Eggarter and M. H. Cohen, Phys. Rev. Let-

ters ~27 129 (1971).
T. P. Eggarter, Phys. Rev. A (to be published).

~J. L. Levine and T. M. Sanders, Phys. Rev. 154,
138 (1967).

~OH. R. Harrison and B. E. Springett, Phys. Letters
35A, 73 (1971).

PHYSICAL REVIEW A VOLUME 5, NUMBER 5 MAY 1972

Effect of Local Laser-Beam Intensity Fluctuations in Multiphoton Ionization*~
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Local laser-beam intensity fluctuations were observed and related to the scattering in the
data of multiphoton ionization of atoms and molecules,

In the recent publications on multiphoton ioniza-
tion of atoms reported by Chin, Isenor, and Young~
and of molecules reported by Chin, the reason
for the rather large scattering in the experimental
data on the log-log plots was not mentioned. We
would like to point out that this was largely due to
the local intensity fluctuation of the laser beam

as is evident from the experiment reported here.
The result of this work also gives further support
of the same observation (i. e. , local intensity fluc-
tuations) recently reported by Abbi and Mahr. '

The method is similar to that of Abbi and Mahr'
in that the time evolution of the power of the whole
laser beam is compared with that of a small portion
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FIG. 1. Experimental setup for observ-
ing local fluctuations in a laser beam.
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F = '(E „+E )— (2)

If Eq. (1) was valid in this case, using the definition
x,„=F,„/Fo and similarly for r „, the two equa-
tions (1) and (2) combined would give

E "=1 6Fo and E,.=o 4 Eo

of the laser. However, instead of employing dif-
ferent laser shots in the comparison, a simultan-
eous comparison of the whole beam and a portion
of it was performed. The laser was the same one
used by the author in several experiments on multi-
photon ionization. ' ' It consisted of a ruby oscil-
lator Q switched by a saturable dye (cryptocyanine
in methanol). The back reflector was a total re-
flecting prism while the output reflector was a
resonant reflector so that a single axial mode was
obtained. The oscillator was followed by a ruby
amplifier. This oscillator-amplifier system pro-
vided a peak power output of the order of 100 MW.

The experimental setup is shown in Fig. 1. The
steel plate 8 was placed in the focal plane of a
103-cm-focal-length lens. S could be adjusted
across the laser beam so that a small part of the
beam could be selected via an opening of 1-mm
diameter in S. The total beam and the beam trans-
mitted through S were monitored by two fast photo-
diodes. The signals from the detectors were rel-
atively delayed and fed into the same fast rise
oscilloscope (Tektronix 519}. Figure 2 shows
some examples of the traces. For any position
of S, the ratio ~ of the peak height of the transmit-
ted pulse to that of the total pulse gives the nor-
malized local intensity. 8 was placed at several
arbitrary positions. A series of 16 laser pulses
such as those shown in Fig. 2 were photographed
for each fixed arbitrary position of S. It was found
in some cases that

(+max +min)/+min

This means that local fluctuation can be as high
as a few hundred per cent. In the experiments
of multiphoton ionization, ' the laser flux was
measured according to the smooth pulse of the
whole laser beam. As a result, the effect of the
local fluctuation could be such that the maximum
local intensity would create either an unusually
large number of ions or a local saturation, while
the number created by the minimum local intensity
could be much less than one. This can be seen
from the following simplified example. Suppose
that the laser beam had a uniform spatial distribu-
tion across the focal area except at two equal local
areas where there were a maximum and a minimum
intensity, respectively. I et us assume further that
the average of the two local fluctuations E,„and
F „was equal to the measured uniform flux Fo
across the whole focal area; i.e. ,

20 nsec

FIG. 2. Typical os-
cilloscope traces (retraced)
of the laser pulses of the
total laser beam (right)
and of the beam of the
same laser pulse passing
through a 1-mm opening
(left).

T lME

Let us apply this to the case of six-photon ionization
of mercury. ' In the region where saturation was
not important, a typical laser flux Fo at the focal
region was around 10 ' ruby photons sec ' cm '.
The local flux F would then become 10 '" ruby
photons sec ' cm . This value is around that of the
flux at which saturation begins (Fig. 1, Ref. 1). On

the other hand, F &, becomes 10 ' ruby photons
sec 'cm . At this flux, the number of ions cre-.
ated is well below the detector sensitivity (less
than 10 ions). Hence, the rather random local
intensity fluctuation could be a major reason re-
sponsible for the rather large scattering in the
data of multi-photon ionizations.

It is interesting to note that according to Eq. (1)
of Ref. 1 (a detailed derivation of this equation
was given in Ref. 7), only the effective focal vol-
ume V~ for a 4th- order process depends on the
spatial distribution of the laser flux, under the
assumption that the laser flux E(r, t) can be sep-
arated into a function of space and one of time,

where Eo is the peak flux and

V„= J E (r)dr
focal volume

Hence, spatial fluctuations would not affect the
nonlinear dependence of the number of ions cre-
atedN on Fo. That is, twould still be proportional
to Fo in the case where there is no saturation,
What would be changed would be the absolute value
of ¹ Since the fluctuation is rather random,
caused probably by the gain saturation in either
or both the oscillator and amplifier ruby, the mean
slope k of the experimental plot of logN vs logEo
wouM not be altered, as long as a sufficiently
large number of measurements were taken. This
was verified by the results of multiphoton ioniza-
tion of mercury and xenon' in which there were
about a hundred experimental points in each plot.

The author wishes to express his deepest ap-
preciation to Dr. N. R. Isenor for the encourage-



EFFECT OF LOCAL LASER-BEAM INTENSITY. . . 2305

ment, direction, and critical discussions during
the course of the experiment and wishes also to

thank Dr A. . Zardecki for helpful discussions
and Dr. G. Bedard for his encouragement.

Work partially supported by the National Research
Council of Canada under Grant No. CNB-A5795.

TExperiment done at the Department of Physics, Uni-
versity of Waterloo, Ontario, Canada. The results were
reported in the Ph. D. thesis submitted by the author to
the University of Waterloo, 1969.

~S. L. Chin, ¹ R. Isenor, and M. Young, Phys. Rev.
188, 7 (1969).

S. L. Chin, Phys. Rev. A 4, 992 (1971).
3Satish C. Abbi and Herbert Mahr, Phys. Rev. Letters

26, 604 (1971).
4S. L. Chin, Can. J. Phys. 48, 1314 (1970).

'M. Hercher, Appl. Phys. Letters 7, 39 (1965).
The purpose of using a long-focal-length lens is to

scale up the small focal area of the 4-cm-focal-length
lens used in the multiphoton ionization experiments (see
Refs. 1, 2, and 4), so that a direct investigation of fluc-
tuation at the focal region is experimentally more con-
venient.

S. L. Chin and N. R. Isenor, Can. J. Phys. 48, 1445
(1970).

Gary L. McAllister, Michael M. Mann, and Larry
G. DeShazer, IREE J. Quantum Electron. QE-6, 44
(197O).

PHYSICAL RE VIEW A VOLUME 5, NUMBER 5

ERRATA

MAY 1972

Distribution of Excitation Transfer in Helium,
John D. Jobe and Robert M. St. John IPhys. Rev.
A 5, 295 (1972)]. The correct form of Table VI
is at the right.

TABLE VI. Distribution of excitation transfer gain
Q*(j) among various levels at 63 mTorr and 100 eV. Sig-
nificant cascade terms Q, (j) are given in parenthesis.
Units are 10 cm .

N-Shell Auger and Coster-Kronig Electron Spectra,
Eugene J. McGuire [Phys. Rev. A 5, 1052 (1972)].
The correct date of receipt of this paper is 20
October 197i.
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35(29)
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1.2
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2+15
13 + 8
10+5

9.1 + 3.5
6.1 + 2.7
5.7+ 2. 5
29+ 12

'Transfer on the g = 3 level is not a significant part of
the apparent cross sections involved and is zero to with-
in experimental error.

"Rxtrapolated values.


