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The rate constant for the transfer of electronic orientation from H atoms to
He*(2 3S,) atoms has been determined by optical detection of the magnetic
resonance of H atoms polarized in a helium-hydrogen plasma. As a result, a first
experimental value has been found for the rate constant for spin exchange in
collisions of He* and H atoms.

Collisions of helium atoms in the metastable 2 >S5, state with hydrogen atoms in
the 125,,, ground state may be accompanied by a spin exchange and a chemical
ionization, also called “Penning ionization.” While the chemical ionization has been
studied extremely thoroughly,'? no information is available on the rate constant for
spin exchange, because of the difficulty in separating these two processes. In the pres-
ent study we make use of the possibility of determining the rate constant for spin
exchange which arises upon the polarization of He* and H atoms in a helium-hydro-
gen plasma.’ The method is essentially one of analyzing the magnetic-resonance ‘sig-
nals of the polarized H and He* atoms which are observed under identical experimen-
tal conditions.

A gas discharge was excited in an absorption chamber filled with a mixture of He*
(0.36 Torr at 300 K) and H, (0.01-0.02 Torr), and the metastable He* atoms (spin
S = 1) were optically oriented in the longitudinal magnetic field; H, by circularly
polarized resonant radiation (the 2 >S;—2 *P, , , transition, 4 = 1.08 um).

The orientation of the 23S, helium atoms, {Sy.) = Tr(Su. puc) [Pue i the
(3 3) density matrix of the He* atoms, and Trpy, = 1], depends on the pumping
conditions and the relaxation conditions. The relaxation is determined primarily by
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He+H; +e7, (1a)

He Hy+ e~ rate constant* (1b)
He*+H2 - 3

HeH*+ H+e™, C,=34-10"1" cm’/s. (1c)

He+ H+H*+e” (1d)

\

As a result of this process, primarily the chemical dissociation (1c), angular mo-
mentum is transferred from polarized He* atoms to H atoms. The angular momentum
transferred per unit time is

1
q= - Ny« NH2C1 <S8y~ (2)
where «a is the fraction of the orientation which is transferred to the H atoms (0.2,
according to Ref. 3), and the N; are the densities of the corresponding particles.

The electronic orientation of the hydrogen atoms, (S ) = Tr(Sy pu) [ pu is the
electronic part of the (2X2) density matrix of the H atoms; Tr py = 1], arises primar-
ily from process® (1) and is determined by the value of q and by the relaxation pro-
cesses, the most important of which is the diffusion of hydrogen atoms to the walls of
the absorption chamber.

In the experiments we observed a change in the absorption by He* atoms of pump
light at a wavelength of 1.08 um when a resonant magnetic field H, cos @t was ap-
plied. Optical detection of the magnetic resonance of the H atoms is possible because
the (Sy ) and (Sy.) orientations are coupled by the processes

S - 1
He* (11) + H(Y) - Het Hidem (1) | (, —75.10"0 ems— 2200 1
HeH*+e™ (1) 3 (3)

He*(T1)+ H(+) = He (T{) +H (1), rate constant Cj, 4

where the arrows specify the orientations of the electron spins.

The resonance signals observed are proportional to the changes in the orientation
(Sge) upon the magnetic resonance of the He* or H atoms, and in a steady-state
plasma (M. = const, Ny = const) these signals are given by the following expres-
sions, according to expressions (20) and (21) of Ref. 3:

O rir pipa/d
D
AR =ja<sy S = W — P . (5)
pd p; tAW +wipp,/d
He . ¢ppz ) ppa/d
ARC =A< S, > = 20
He PR ATy er TRy R

where ¢, is determined by the pumping conditions; p, and p, are determined by the
loss of He* and H orientations; 7, and , are determined by the transfer of electronic
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orientation from the H atoms to the He* atoms and vice versa; d =p,p, — i/
Aw = 0 — 0y, 0wy = YH,, ®, = yH,, and ¥ is the gyromagnetic ratio of the He* atoms.

In the case at hand we have p, = Ny C, + 74 [, p, =TA fu, 1, =N Co + 4
Ny Cs, and 7, = aNy.s Ny C,/2Ny, where A fy and 4 fy,. are the widths of the
resonant lines of the H atoms (in the mixture He*-H,) and the He* atoms (in the pure
isotope He"), extrapolated to a zero value of H,. Substitution of these expressions into
(5) and (6) yields the following ratio of signal amplitudes in the limit @} —co:

He* CH — He*
= == ) (7)

Ale P1D2 wAfy (L m Sy e/ Ny Cr)

max

Al ryrg alN

max

where Cy oo = (4/9)C, + (4/3)C;.

The density of hydrogen atoms does not appear in (7), because the angular mo-
mentum acquired by the ensemble of atoms does not depend on Ny, according to (2).
This independence makes it possible to find the rate constant Cy _ y.» in an extremely
simple way. For this purpose we need to measure 41, and 4 ©¢, under conditions
near rf saturation (at identical intensities of the pump light, in identical discharges, and
at the same gain of the measurement system) and also 4 fy, 4 f, 4, and Ny». The
density of metastable helium atoms is determined from the absorption of the helium
line at 3888 A (the 2 3S,—3 P transition). This value was greater than 10'' cm ™ in all
cases, so that the change in the density of the He* atoms at the time of the resonance
makes a small contribution to the resonance signal of the H atoms.

In the experiments we analyzed the derivative of the absorption signal. We should
thus take into account the possibility that the two resonant lines will have different
widths. The corresponding correction is not necessary in the case of identical widths,
and identical widths could be achieved easily by varying the amplitude of the rf mag-
netic field. Another point which must be taken into account is that in the case of a
resonance in a system of Zeeman sublevels of the H atoms two transitions occur
between sublevels with different values of the quantum number my (Amp =1,
AF =0).

The measurements were taken at various values of the densities He* and H,. As a
result, we determined the rate constant for the transfer of electronic orientation from
H atoms (125,,,) to He* (2°35)) at T=295 K: Cy_ges = (2.35 +)X 1077 cm’/s.

From this value we can single out the part due to spin exchange by making use of
the rate constant given above for the Penning process, (3), from Ref. 1. This value is
the same as that which we have calculated from the interaction potentials,” and it
agrees with the experimental data of Ref. 2. As a result, we find the following value for
the rate constant for the spin exchange in the system He*-H at T'=295 K:
C, = (1.01 £ 0.37)X 1072 cm?/s.
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