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We have resolved quantitatively different collisional-quenching processes of H(2s) by
means of a calculation using measured charge equilibrium fractions and cross sections.
The results show that at 5 keV and for neon as a target, quenching to the ground state H(1s)

is the dominant process.

Recent measurements by Kroktov and Medeiros
(KM),* Byron et al.,? and Dose et al.® have brought
up an interesting question as to which is the most
efficient mechanism for the destruction of metasta-
ble hydrogen atoms colliding with gases at low keV
energies.

While KM and Byron ef al, state that the predom-
inant process is collisional deexcitation via

H2s)+X~HEp)+ - =H(s)+-+-,

Dose et al. conclude that quenching should be attrib-
uted mainly to

H(2s)+ X ~H-(1s)%+ X*.

Accurate theoretical calculations by Bates and
Walker* on the cross section for electron loss from
H(2s) show that the ratio of this cross section to
that for total quenching as measured by Dose et al.
is nearly 1 at energies above 30 keV, decaying
rapidly at lower energies, so that this ratio is 0.5
around 10 keV and 0. 2 at about 3 keV,

In order to determine the relative importance of
the above-mentioned processes, we carried out a
calculation using charge equilibrium fractions and
cross sections in a four-component system. Let
us denote by the indices g,m, 1, and 1 the states
H(is), H(2s), H', and H*(1s)?, respectively. Let
®; be the equilibrium fractions and @;=3%,.; oy,
where oy, is the cross section for the transition be-
tween the initial state 7 and the final state j. Inequi-
librium we get

04=%,+9,,
®,(Qp +0gm) =2 (01 + B O + BT 0T,
B0Q =9, (0p + Q) +P701,+ D10y, ,
2, Q1= n(0m =~ 0p) +B7 04, + B0, ,
87 Q1 = ®,(01 — 0, 1) + 21017 + B 0,1,

where any three of the last four equations are lin-
early independent.

o

In view of the availability of cross-section data,
the calculation was done for Ne as a target gas and
at an energy of 5 keV, Because of discrepancies
between different published values of the equilibri-
um fractions, it was felt necessary to remeasure
them with higher accuracy, Using the experimen-
tal setup described elsewhere,’ we obtained the re-
sults presented in Table I. The cross sections
used in the calculation were taken from the litera-
ture and their values are listed in Table II,

By using these data in the previous equations and
taking due account of propagation of errors we ar-
rive at

$,=0.0209+0,0097, o,,=(69+45)10"17 cm?,

on1 <1.1x10"em?, o = (2119)107" cm?,

g = Oy = (48£45)1071 cm? .

Here, we have applied the constraint that o,7 be
positive. The uncertainty associated with ¢, is
due primarily to the uncertainty in the determina-
tion of @, +0,, by Byron, Kroktov, and Medeiros,
whereas the main uncertainty in ¢, and ¢,; comes
from uncertainties in quantities other than Q,,+ o,,,.

This calculation supports the standpoint of Krok-
tov and Byron in the sense that quenching of H(2s)
by collisions leads primarily to ground-state atoms,

Measurements by Donnally and Sawyer!® on Ar
provide further arguments against Dose’s conclu-
sions. They show a larger probability for electron
capture from H(2s) than from H(ls) at energies be-
low 3 keV, which they attributed to pseudocrossing
of potential-energy curves. With 25% of their neu-
tral beam in the metastable level' the ratio o,1/0,7

TABLE I. Equilibrium fractions for H on Ne at
5 keV.
i & Error (%)
0 0.659 0.7
1 0.325 1.5
T 0.0160 2.5
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TABLE II. Cross sections for H on Ne at 5 keV
{in units of 10~1" cm?).

Maximum relative

Cross section error (%) Reference
Oy 10.0 5 6
og  0.90 5 6
Oem  2.64 15 7
o 20.9 2 6, 8
Oym  0.17 50 8
Uu 0.044 2 6
ol 25.7 11 6,7
Tim 5.4 21 7
o1y 3.3 8 6

Qm+ g 90 45 1,9
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is only about 1. 8 at 3 keV, rising rapidly at lower
energies, Moreover, it could be expected that at
energies greater than 10 keV for which pseudocros-
sing is unimportant, o,7 could be even smaller than
0,1 in spite of a lower energy defect, due to the fact
that to form H™(1s)? from H(2s) requires simulta-
neously a 2s - 1s transition and the pickup of a 1s
electron,

We conclude that deexcitation to ground state is,
at least at the energy of the present discussion, the
most important mechanism in the collisional de-
struction of metastable hydrogen.

The authors are much indebted to J. K. Layton
for valuable discussions.
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The evolution of electronic angular momentum due to spin-exchange collisions between two
species of ground-state alkali atoms is shown to depend substantially on nuclear spin when
the effects of spin precession between collisions are included with the effects of the collisions
themselves. General results are illustrated for nuclear spin 3 and 1.

I. INTRODUCTION

In a recent paper Lambert! showed that the rate
of change of electron polarization of one electron-
spin-% atomic species due to electron-spin-ex-
change collisions with a second electron-spin-%
species is independent of nuclear spin., It was ar-
gued that this result reaffirms the original asser-
tion by Balling, Hanson, and Pipkin (BHP)® that the
equations describing the effects of spin-exchange
collisions on electron polarization derived using

systems with no nuclear spin also hold for systems
having nuclear spin. We wish to point out that when
the effects of spin precession between collisions are
also taken into account, the equations for the evolu-
tion of electron angular momentum are substantially
different for nonzero nuclear spin. For nuclear
spin I =0, the z component of electron spin com-
mutes with the free-space Hamiltonian which de-
scribes the evolution of spin states between calli-
sions, so that changes of electron polanzat:m ¥



