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We propose an electron-interference experiment involving laser light. It is estimated

(roughly) that presently available (cw) laser sources can yield detectable "fringe" dis-
placement in the -electron interference pattern.

The interaction of laser light with free electrons has been the subject of numerous papers. '&' All of
these involve the effect of the background laser light on Compton scattering. With the exception of the

Kapitza-Dirac effect, the deviations from the Klein-Nishina formula due to the presence of the laser
light' are characterized by the dimensionless parameter $. In terms of the fundamental parameters
of the problem,

$ = (I/137)pX 'X,
C

where p is the photon density, A.~ is the electron Compton wavelength, and X is the wavelength of the

laser radiation. Presently available lasers yield small values for the dimensionless parameter $

(-10 ); hence any deviation from the Klein-Nishina formula2 is difficult to detect In .retrospect, the

fact that the change in the phase shift of the electron-photon systems as result of the background light

is so small is not really surprising. The change in the Klein-Nishina amplitude' as a consequence of

the background external field comes about (a) because the incident and final-state electron wave func-

tions contain external-field-dependent phase terms, and (b) because these phases are momentum de-

pendent. This relative phase, which can be detected in a scattering experiment, thus depends on the

amount of the momentum transfer. Since in optical experiments with slow electrons the momentum

transfer is of the order Ik/mc, the net phase change is small. (k is the wave vector of the laser light. )
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The purpose of this note is to point out that a much larger effect can be obtained by an electron-inter-
ference experiment. Here one compares the change in the phase of the electron wave function, which
is accumlated throughout the passage time of the electron through the laser beam, with another (coher-
ent) wave function which propagates outside the electromagnetic field. Schematically (see Fig. 1), the
electron wave function is split into amplitudes A. and &. Amplitude A passes through the laser light
and amplitude B passes through the field-free region. A shift in the location of the interference pat-
tern of the electron should be observed as a result of the cumulative phase change in amplitude A dur-
ing its long (At »A/c) passage time through the laser beam. An accurate computation of the accumu-
lated phase is hard' but not impossible. (We intend to publish this elsewhere. ) So let us proceed and
estimate this effect by (mis)use of the Volkov solution. Recall that the Volkov solution (ignoring elec-
tron spin) is given by

(x) = exp — — f [2ep ~ A-e A ]d(n ~ x')
P 5 2nPnx

where P is the electron four-momentum, A is the vector potential, n is a lightlike four vector, and
(e'/4mhc) is 1/137. This solution refers to a one-dimensional wave packet, i.e. , a plane electromag-
netic wave. Such an arrangement precludes, however, the possibility of doing an interference experi-
ment. Let us make the (perhaps drastic) assumption that an exact solution including the shape of the
macroscopic laser field will yield not too different a result, ' and that the Volkov formula (with suitable
interpretation) is applicable to the arrangement shown in Fig. 1. To obtain a number we interpret Eq.
(1) as follows (for an alternative derivation, see below):

g (x)-exp -- -- — — = f 2 2[2ep ~ A —e2A2]d(n ~ x')
p 2n p ct,-z, (2)

Here [in Eq. (2)] the space-time point x refers to the electron coordinate (i.e. , the center of the elec-
tron wave packet) at a time t after it traversed the laser beam; t, t, =6& is th—e transit time of the elec-
tron through the diameter (d) of the "cylindrical" laser beam. We further assume that z, -z, is of the

0

size of the transverse spread of the electron wave packet which is at most of the order of 10' A. There-
fore, the accumulated phase g is

which for slow electrons can be written as

h e2 pA.——chT
2n Phc2m

(3)

e2 pA.——cd',2mchc 2m

v/c being of the order of 10 '. We have omitted the term
Ct, -Z2f 2 22ep Ad(n x'),

2n p ct,—zi

which for physically suitable parameters, namely Io -10"photons/cm' and X -10 ' cm, is always
smaller than unity. Similar remarks pertain to the oscillating part of A .

For an alternative, more transparent derivation, consider the following Hamiltonian:
2

H(t) =, t &t, and t) t„2m'

2 e 2

+ 2 Q'), t &t&t„
2&l 2tÃ c

where () denotes the time average over a cycle of the radiation field. We assume that the passage of
the electron through the diameter of the "cylindrical" laser beam is equivalent to turning on the (A )
term in the Hamiltonian for the time duration d/v, v being the speed of the electron. The wave func-

tion at time t&t2 is given by

ip x . P t . e', d
4 (x, t) = exp — -i —-t, (A') —.
P ' @ 2m I 2mc' Sv

Again the change in phase is

g = (e'/2mc')(A') (d/Sv).
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FIG. 1. Schematic for electron-interf erence experi-
ment. FIG. 2. An alternative way to construct interference.

For a focused (i.e. , focused to a diameter of the order of 10 'cm) cw argon laser, this parameter can
be as large as unity. All other competing effects, such as Compton scattering (even by induced emis-
sion) and harmonic production, are negligible.

Finally, an alternative way to do the experiment (to be sure, there are many more ways) is indicated
in Fig. 2. Here the complete electron amplitude propagates through the tapering conical section of the
focused laser beam. The interference arises due to the change in the effective "optical" path length of
the electron wave function. For a fixed power emanating from the laser, the phase change as a func-
tion of the position-dependent diameter is

(8)

where d, is the diameter of the laser beam at the position of the lens.
In summary, we wish to stress that although interference experiments with electrons are harder

than scattering experiments (such as Kapitza-Dirac effect), the proposed scheme has the advantage of
requiring much smaller intensities.

It is a pleasure to thank Professor Rainer Weiss of MIT for discussions concerning the feasibility of
this proposed experiment.
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Admittedly, we are ignoring all fine points here, such as gauge invariance, finite extent of radiation field, etc.
78everal authors, notably J. J. Sanderson, Phys. Letters 18, 114 (1965), and T. W. B.Kibble, Phys. Rev. Letters

16, 1054, 1233(E) (1966), have pointed out that drastic "edge effects" take place when a classical electron enters
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