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EFFECT OF RECOIL ON THE VELOCITY DISTRIBUTION
OF METASTABLE ATOMS PRODUCED BY ELECTRON IMPACT *
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We have shown both experimentally and by a simple kinematic argument that the velocity distribution
in a beam of metastable atoms produced by electron bombardment of ground state atoms deviates strongly
from the velocity distribution of the ground state atoms.

The velocity distribution of metastable atoms often enters explicitly into the analysis of resonance
[1] and collision [2,3] experiments done with atomic beams. However, there have been few direct mea-
surements and no correct theoretical description of the velocity distribution in a beam of metastable
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Fig. 1. Time-of-flight spectra for helium. Points represent experimental data. Curves a are theoretical accounting
for the angular divergence of the incoming, ground state beam, assuming E-E * = 0.75 eV. Curve b is theoretical if
recoil effects are neglected.
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atoms formed in the common experimental arrangement where ground state atoms in a collimated beam
are excited by a transverse beam of electrons.

In our experiment a pulsed electron beam is directed at right angles (¢ = 900) through a collimated
beam of thermal energy helium atoms. The metastable atoms are detected [4] with an electron multi-
plier (Bendix Channeltron) which can be rotated about the interaction region in the plane defined by the
incoming electron and atom beams. Samples of data taken at two different angles ¢ (angles measured
from direction of electron beam) are plotted as points in fig. 1. Striking features of these results, when
compared with what would be found if recoil effects were negligible (curve b in fig. 1) include the rarrow-
ness of the distributions, the presence of two peaks, and the seusitivity to deflection angle of the posi-
tion of the distribution.

The principal features of these distributions can be understood from kinematic considerations. If the
gas beam effuses ideally from a thermal source (most probable speed «), if the ground state beam is
perfectly collimated, if the detector is small, and if the electron scattering is s-wave, then conserva-
tion of momentum and energy determine the following velocity distribution for the metastable atoms in
the plane of the incident beams
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Here V = [2m(E-E *)]%/M; m and Mare the masses of the electron and atom respectively; E * is the

energy of the metastable state; and %, and E are the speed and kinetic energy, respectively, of the in-
cident electron. The distribution f(v), which is zero outside the limits given in eq. (2), is in disagree-
ment with functions previously presented [7,8]. In the present experiment the detector subtends only a
very small angle (A6 ~0°8"), but the divergence of the incoming beam (4% ~ 3°) is significant. A nu-
merical integration of eq. (2) over the beam divergence yields curves a of fig. 1.

The present study of velocity distributions in beams of metastable atoms should facilitate the inter-
pretation of experiments such as the fine and hyperfine structure measurements in 223, hydrogen [1,5],
measurements of electron impact excitation of # = 2 states in helium [6], time—of~fligh€ studies of re-
pulsive molecular states [7], and analysis of the kinetic properties of single and multi-component
gases [8].

We are indebted to R A. Heppner, E.S. Fry and W. L. Williams for their assistance and encourage-
ment. The importance of velocity distributions to the measurement of atomic fine structure was
emphasized to us by R. T. Robiscoe
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A kinetic equation is obtained for dilute polyatomic gases which is applicable to rapidly varying proces-

ses. It constitutes a generalization of an equation derived previously by Waldmann and Snider, the
latter being valid when the level spacing between internal states are sufficiently large.

From the quantum mechanical BBGKY hierarchy equations for the one and two particle density oper-
ators p( X¢) and p1 ) (2)

2,000 = -1 L D1y -1 t{ L339 o8 | W
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one derlves the followmg approximate equation of motion for the pair correlation function g( X¢) =
=02 (&) - oD (1)) (2)
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Here contributions fr?m the trace parts in (1) and (2) are neglected. The Lm%Yllle operators have the
following meanm is derlved from the free one particle Hamiltonian, L}, from the free two par-
ticle one. I!2) = 2 L(uz’ contains in addition the two particle interaction potentlal whereas L(m 12/318
related to the interaction of the pair (1, 2) with a third particle. Substituting the formal solution

g{zz)(t) = exp[- 1L(2)(t to)]g( () -1 f as exp[-1L(2)s] Lllgt)p(l)(t )6 Me-9),

of eq. (3) into eq. (1) obtains :

(mt)

Wy = - (1) (l)m tr I3,

%Py exp[~iL (2)(1’ z‘o)]b(z)(»o) +

£- to
f dstg L(‘“t) exp| - 1L(2)s]L(mt) - o (t-9) - it L(mt) (1)(t) (1)(t)

147



