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TOTT, Teep /Tmic~0 (1072, at room temperature. the square of the matrix element is given by Feynman

M. Born and R. Oppenheimer, Ann. Phys. (Leipzig) on a probability-amplitude argument in R. P. Feynman,
84, 747 (1927). Rev. Mod. Phys. 20, 267 (1948).

’R* may be estimated from MV?2/2=%T /2> a /R, Vg, A, Power, Introductory Quantum Electrodynamics
R (a/%T)/8, and R*=¢ (o /%T)'¢, where £ > 1. (American Elsevier, New York, 1965), Chap. VII.
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Two fixed, spatially separated detectors are used to measure the decay in flight of a
cooled, thermal beam of pulsed metastable helium atoms. The preliminary value ob-
tained for the radiative lifetime of the metastable 2'S; state of helium is 20+ 2 msec.

The 2'S, state of helium is metastable, decay- fixed detectors located 1.9 and 6.7 m from the
ing predominantly by two photons’; single-photon electron gun are used, the first having a trans-
decay is forbidden by the rigorous selection rule mission of about 50 %. The beam is highly col-
J=0/4#J=0. In this Letter we describe our ef-
fort to determine the lifetime of the 2'S state of /COPper target
helium. An earlier version of this experiment? ---

was limited by pressure-dependent scattering and §
yielded a lower limit of 7=9 msec for the 2'S, X Detector 2
lifetime. Pearl,® in an experiment using a detec- =
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tor traveling over a 1-m length, has recently re- !

ported a result 7=38+8 msec for the lifetime. arocm :

Drake, Victor, and Dalgarno* have calculated, |

however, the theoretical value 7=19.5 msec. I

Our time-of-flight experimental arrangement |

is illustrated in Fig. 1. Helium atoms effusing f
from a source slit pass vertically through the

open end of a sheath electrode gun® and are meta-

l14cm
stabilized by an antiparallel, magnetically fo- 4

Transmitting
copper target

cused electron beam of about 40 eV. The atomic

beam then contains primarily ground-state heli-
um atoms and metastable atoms in both the 23S,
and the 2S; excited states. The ground-state ~
and metastable-state atoms are separated by EI*_C"‘

3
their different effects on the copper targets; the df e == -
metastable atoms have sufficient energy to eject

an electron from a target while the ground-state 190em
atoms do not. The electrons are collected and

|
|
[
|
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counted by an EMI electron mulitplier. Two |
l
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FIG. 1. Schematic diagram of the time-of-flight

. . 3
apparatus. Helium atoms effusing from the cooled %m S Electron gun

-

O
21 s 0
source are metastabilized by an antiparallel electron g and  solenoid
o

beam, collimated, and then detected at detectors 1
and 2 ; the discharge lamp allows the separation of the
215‘0 and the 2°S; metastable states. A determination

of the number of 2!, atoms decaying between the two [ ] Source

detectors gives the radiative lifetime.
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limated after leaving the electron gun and pro-
vision is made for cooling the source with either
liquid nitrogen or liquid helium. Since a low
base pressure in the drift region between the

two detectors is essential to minimize scatter-
ing effects, the apparatus is of all-metal bakable
construction; during operation the base pressure
is at least 1X10 8 Torr. Sufficient buffer cham-
bers are provided to insure that there is no de-
tectable rise in the drift-region pressure while
a helium beam is running.

The time-of-flight spectrum for the metastable
2!S, state can be separated from that of the 235,
state by using an rf-discharge helium lamp. The
21S, state is quenched by absorption of a 20 580-A
photon, raising the atom to the 2!P, state, which
then decays preferentially to the 'S, ground state.
The triplets are essentially unaffected by the
lamp since the metastable 23S, state is the ground
state of the triplet system. The number of atoms
reaching the detectors for the full beam contain-
ing both 2°S, and 2S; atoms is N(35,) +N('S)),
while the number in the quenched beam is N(3S,)
+(1-f)N('S,); f represents the fraction of 2'S,
atoms that are quenched and is typically about
98 %. The time-of-flight spectrum for the 2'S,
atoms is therefore obtained from the difference
between the full beam and the quenched beam and
is n=/N(’S,). The lamp is positioned close to the
electron gun so that the uv-quench photons have
a small probability of reaching the detectors;
therefore, they do not interfere with the time-of-
flight spectrum of the pulsed metastable beam.

The data collection and timing aspects of this
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FIG. 2. Timing arrangement used to obtain the
time-of-flight spectrum of the metastable helium atoms.
Timing and data collection are controlled by a PDP-8
computer.
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experiment are controlled by a PDP-8 computer
(see Fig. 2). Channel-advance pulses are gener-
ated every 100 usec and determine the widths of
both the electron-gun pulse and the time-of-flight
collection channels. The electron gun is pulsed
on during the first channel and is then turned off
while the time-of-flight spectrum is collected in
the next 199 channels. The computer also turns
the discharge lamp on and off during alternate
collection cycles, allowing the collection of the
spectrum for both the full and the quenched
beams. The 2'S; spectrum is obtained during
analysis of the collected data to determine the
lifetime of this metastable state. An example of
a 2§, time-of-flight spectrum is illustrated in
Fig. 3(a).
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FIG. 3. (a) Metastable 21§, time-of-flight spectrum
obtained at detector 2. (b) Corresponding logarithmic
decay plot of R(¢)=n,/n, versus the time of flight £.
The slope of the least-squares-fitted straight line is
-1/7, with 7=19.9+0.8 msec; only points with a nhum-
ber of counts greater than 1% of the peak are included
in the fit.
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If the velocity distribution of 2!S; atoms arriv-
ing at the first detector is n,(v), then the number
of atoms detected is

n1(v) = fsurfaceelno(v)dsl; (1)

€, is an experimental detection efficiency factor
and is a function of the position on the copper
target where a 2!S, atom strikes. Likewise,
allowing for the possibility of radiative decay be-
tween detectors, the number of 2'S; atoms de-
tected at the second detector is

nz(v) = fsu rfaceezno(v)e -t/Tdsz’ (2

where £=d/v is the time of flight between the two
detectors a distance d apart. The assumption
used in Eq. (2), and in fact basic to the time-of-
flight technique for measuring lifetimes, is that
only radiative decay occurs during the atom’s
flight between detectors. Thus, low pressures
are absolutely essential both in the beam and in
the drift region to minimize systematic effects
from scattering. We do not observe, within our
present error, any significant change in the mea-
sured lifetime whenever either the drift-region
pressure varies from 1077 to 108 Torr or the
helium-beam flow rate varies by a factor of 10.
An additional indication of the lack of a system-
atic pressure effect is that an analysis of the
quenched-beam time-of-flight spectrum, consist-
ing mostly of 23S, atoms, yields a lower limit of
about 700 msec for the 235, lifetime.

A result independent of the initial velocity dis-
tribution no(v) is obtained if every position on the
detector sees the same distribution. The ratio
of Egs. (1) and (2) is then simply

R(D) =n,(v) /n,(v) =Ce T (3)

where both detector efficiencies are combined
into a single constant C. Illustrated in Fig. 3(b)
is a logarithmic plot of R(#) vs ¢ for a 2'S, time-
of-flight spectrum taken during a data collection
time of about 2 h. The lifetime of the metastable
2'S, state is obtained from the slope of the least-
squares-fitted straight line; only points with a
number of counts greater than 1% of the peak
are included in the fit. Equation (3) is not valid
unless every position on the detector has the
same initial velocity distribution n,(v); however,
this may not be true in practice. We have ob-

served large changes of about 50 % in the mea-
sured 2'S; lifetime resulting not only from vary-
ing the collection potential applied to the detec-
tor, but also from moving the source position
perpendicular to the beam direction. The elimi-
nation of this effect to within our present error
requires a metastabilizing electron beam anti-
parallel instead of perpendicular to the helium
beam. This provides an initial velocity distri-
bution less dependent on the observation angle,
and insures that every position on the detector
sees essentially the same distribution.

The radiative lifetime for two-photon decay of
the metastable 2'S, state of helium which we
have measured is 7=20x 2 msec. This result
is an average over 45 runs in which the possible
experimental variables were systematically
changed; within our present error, there is no
change in the 2'S; lifetime resulting from a vari-
ation of such parameters as electron-gun volt-
age, source position, source temperature, lamp
intensity, beam flow rate, detector potentials,
and drift region pressure. Clearly, our result
for the 2'S, lifetime agrees well with the theo-
retical value 7=19.5 msec calculated by Drake,
Victor, and Dalgarno,* but not with the experi-
mental one of 7=38+8 msec reported by Pearl.®
Our work is still proceeding to understand com-
pletely the extent of any systematic errors and
to eliminate them if possible. The results of this
work as well as additional details of the experi-
ment will be reported later.

*Rearch supported by the U. S. Atomic Energy Com-
mission.
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