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LIFETIME OF THE 2'$ STATE OF He

A. S. Pearl
Division of Physics, National Research Council of Canada, Ottawa, , Canada

(Received 2 February 1970)

A traveling Auger detector is used to measure the attenuation of a cooled thermal
beam of He 2 S atoms in a vacuum of 1&10 Torr. Its velocity is determined by a
time-of-flight technique. The lifetime obtained is (38 +8) x10 sec.

The lifetime of the 2'S state of the helium atom
is of fundamental interest because its most prob-
able mode of decay is by spontaneous double-pho-
ton emission. ' The existence of spontaneous dou-
ble-photon emission processes was first experi-
mentally verified by Lipeles, Novick, and Tolk, '
who detected two-photon coincidences from a He'

2$», beam. Thus far there has been no measure-
ment of a double-quantum spontaneous-transition
probability. The He 2'$ lifetime has been calcu-
lated by Dalgarno, "the latest value being 19.5
msec, while a previous attempt to measure it
yielded a lower limit of 9 msec. ' In this Letter,
a preliminary measurement of the He 2'S life-
time is described.

The method employed in the present experi-
ment is illustrated in Fig. 1. Helium atoms ef-
fusing from the atomic-beam source through a
stream of electrons are formed into a well col-
limated beam which contains atoms in the 2'$
and 2'S metastable states, n'P-1'$ resonance
photons, and ground-state atoms. A traveling
Auger-detector beam target (EMI 96038 electron

multiplier) is used to measure the attenuation of
the dc He 2'$ beam over a path of 1 m. The He
2'$ component is determined by quenching it with
2-p (2'P-2'S) radiation from two 45-W spectral
helium lamps. " The presence of the 2'$ atoms
in the beam provides a useful control with which
to assess nonradiative beam attenuation process-
es, the lifetime' of the 2'S state being -10' sec.
The system is of all metal construction in which
the base pressure over the beam path is 7 x 10
Torr. With the beam turned on there is a partial
pressure of helium in the range (0.7 to 2) x10
Torr. To increase the transit time through the
system, provision was built into the atomic-
beam source to cool it through heat exchange
with a liquid helium jacket.

The lifetime, 7, is determined from the rela-
tion

T =t, /ln(N, /N ),

where N, /N is the ratio of the He 2'8 flux at the
points 0 and x of the beam path and t, is the av-
erage flight time of the He 2'$ beam over the
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FIG. 1. Schematic diagram of experiment.
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path ox. The ratio N, /N is obtained by operat-
ing the electron gun in a continuous mode and
measuring the flux of the resulting dc He 2'$
beam as a function of detector position. The
flight time of the beam is determined by pulsing
the exciting electron beam and recording the re-
sulting He 2 S time-of-flight (TOF) distribution
with a 256-channel pulse-height analyzer and as-
sociated time-to-pulse-height conversion elec-
tronics. The TOF spectrum of the singlet meta-
stables alone is obtained by first recording in
memory the spectrum due to both the singlets
and the triplets and then subtracting that due to
the triplets, the singlets having been quenched
through the use of the helium lamps mentioned
above. To ensure &99.9% depletion of the 2'S lev-
el with a room-temperature beam the two lamps
were run at 40 W, but for cold beams less than
5 W was required.

Before measuring the radiative decay, other
possible sources of beam loss were investigated,
i.e., possible geometrical and collisional effects.
The second circular collimating aperture (Fig.
1) was chosen such that the projected diameter
of the beam at the farthest position of the detec-
tor was about 0.5 in. compared with the l-in.
diam of the first dynode of the detector. In other
words, the detector is expected to intercept the
whole beam over its entire path. When a scan is
made, however, an 11% attenuation of the beam
is observed. The magnitude of this effect de-
pends on the angular width of the beam and is
probably due to variations in detection sensitivity
over the detector face. For a given collimator
No. 2 (Fig. 1), however, the instrumental attenu-
ation is the same for both He 2'S and 2'S atoms,
for resonance photons, and for Ne and Ar meta-
stables over a, wide range of base pressures (x7)
and beam densities (x3).

By normalizing the 2'S flux, i.e., observing the
ratio of the 2'S flux to the 2 S plus photon flux at
each end of the detector travel, the instrumental
factor is eliminated. The invariance of the dis-
tance dependence of the detector signal to chang-
es in base pressure and beam density demon-
strates the negligible contribution of atom-atom
collisions to beam loss. On this basis any fur-
ther attenuation of the 2'S beam is attributed to
radiative decay.

With the source at 300'K it was not possible to
discern a radiative attenuation in excess of the
errors in measurement of the He 2'S flux (52%).
Together with a TOF determination of the aver-
age flight time (0.60+ 0.03 msec), this result im-
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FlG. 2. Time-of-flight distribution of a cold He 2 S
beam. The sharp initial peak is due to resonance pho-
tons. t is the average time for the beam to travel
from the electron gun to the point o of the beam path.

plies a lower limit of 30 msec for the He 2'S life-
time. Cooling the source gas to around 17'K,
however, resulted in a substantial radiative at-
tenuation of the He 2'S beam. The normalized
flux of the cold 2'$ beam was diminished by about
13% over the beam path. On the other hand the
cold 2'S beam exhibited the same variation with
distance as at room temperature, further con-
firming the absence of collisional and radiative
attenuation. The He 2'S radiative attenuation was
independent of the beam density and base pres-
sure. The average flight time of the cold He 2'$
beam, determined by averaging over TOF dis-
tributions like the one in Fig. 2, was typically
5.3 +0.2 msec for the coldest beams.

The radiative lifetime was obtained from the
cold He 2'S attenuation and its flight time. It was
found to be independent of pressure when the
beam density and base pressure were varied by
a factor of 3. The mean value of He 2'$ lifetime
was found to be

T =38+ 8 msec,

where the main source of error is in the repro-
ducibility of the attenuation measurements for a
particular average flight time. These measure-
ments indicate a substantial disagreement with
the theoretics, l lifetime (19.5 msec) and will be
reported in further detail later.

I would like to thank Dr. H. I ew for his help
and advice, Mr. P. Flainek for much of the me-
chanical design and construction and Mr. I.. T.
Bradley and Mr. W. Cazemier for their expert
assistance with the electronics.
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The lifetime of the & =2 level of the &~II state of CO has been measured by molecular
level-crossing spectroscopy. Unlike previous experiments with molecules in which the
Hanle effect has been analyzed for individual rotational states, the present results are
obtained from analysis of the composite level-crossing signal from all of the rotational
states which are excited by the entire A X(2, 0) resonance band. Our experimental re-
sult is &(v =2) = 9.0+ 1.0 nsec in good agreement with Besser's value of 10.5+ 1.0 nsec
obtained from phase-shift experiments.

Measurements of the oscillator strengths of
the CO molecule have received much attention in
the last few years not only because of increasing
interest in the fundamental properties of mole-
cules, but also because such measurements
have astrophysical applications. " Integrated
oscillator strengths of the A'll -X'Z system
have been reported by Hesser and by Lassettre
and Silverman. ' Individual f values between
bands have also been tabulated by Hesser, by
Rich, ' and by Meyer, Skerbele, and Lassettre. '
Hesser has measured the lifetime of the A'll
state by the phase-shift technique and used this
lifetime in conjunction with relative intensities
of the various bands excited by electron impact
in order to obtain his results. The values re-
ported by Rich have been obtained from an ab-
sorption experiment in shock-heated CO. Lasset-
tre and his co-workers have extracted optical f
values from the generalized oscillator strengths
for inelastic collisions of electrons with CO.
The oscillator strengths reported for the (2, 0)
band reveal the typical disparity of the results;
the three experiments yield 0.022, 0.033, and
0.051, respectively.

In an effort to establish the oscillator strengths
of the fourth positive system more firmly, we
have measured the lifetime of the v =2 level of
the A'll state from a level-crossing experiment
in which we have exploited a technique that has
not been used previously. Other level-crossing
experiments on diatomic molecules have em-
ployed the Hanle effect to obtain g factors through
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FIG. 1. Hanle-effect signal for the v = 2 level of
the A. II state of CO. Experimental data from the
signal averager have been plotted at intervals of eight
channels.

the observation of spectrally resolved lines from
single rotational states which have been excited
either by a molecular source' or by an acciden-
tal overlap of an atomic line. ' The present ex-
periment is illustrative of a method which we
believe will prove useful in certain situations
for which atomic overlaps cannot be found and
for which resolution of rotational lines is not
possible. The entire (2, 0) resonance band
(1478 A) has been employed for excitation of the
upper electronic state, and the observed level-
crossing signal is the summation of signals
which originate from all of the excited rotational
states. The data are analyzed by fitting them to
a model which accounts for the individual con-
tributions to the total Hanle effect.
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