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which case the metals near "Fe could be most
abundant.
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The occurrence of scintillation from liquid he-
lium arising from ionizing radiation is now well
established. ' ' Recent studies have demonstrated
that the intensity of light emitted per alpha par-
ticle seems to decrease by about 10'%%u~ when the
temperature is lowered below the lambda point. '»'

During an investigation of this interesting effect,
we have observed impurity emission from liquid
helium in the visible optical region. These ob-
servations are of considerable interest and mill
be reported in the present note.

We have carried out a spectroscopic study of
the light emitted from liquid helium bombarded

by alpha particles. Scintillation light was pro-
duced by a 50-mCi '~ Po n source immersed in

liquid helium. The total light emission was moni-
tored by a detector above the liquid helium Dewar.
Part of the light passed through a LiF window

above the helium into the entrance slit of a ver-
tically mounted &-meter McPherson Seya-Namio-
ka vacuum spectrometer. The light detectors
were EMI 95148 photomultiplier tubes coated
with sodium salicylate. The spectrometer was
sensitive in the region 1200 A (the LiF cutoff) to
6000 A, while the monitor detector mas sensitive
to much shorter wavelengths.

The following observations were recorded:
(1) Emission was observed from pure liquid

helium (liquefied and transferred to the cryostat
under standard purity precautions), but could not
be detected by the spectrometer. This is con-
sistent with the emitted light having wavelengths
shorter than 1200 A. ' However, if the emission

0
were in the region 1200 to 6000 A and spread over
a range of wavelengths, the spectrum would have
been too weak to detect.

(2) The total light emission increased by about
two orders of magnitude when the liquid helium
was exposed to the atmosphere or when small
amounts of oxygen and nitrogen were externally
introduced into the helium. Analysis of the emis-
sion spectrum established the presence of emis-
sion lines due to 0, and N, . This observation
supports an energy transfer mechanism, in which
the liquid helium absorbs most of the energy from
the e particles and transfers some of it to the
nitrogen and oxygen. Since their solubility in
liquid helium is expected to be negligible, the
possibility of energy transfer to colloidally dis-
persed nitrogen and oxygen cannot be excluded.

(3) Neither commercially pure liquid nitrogen
nor liquid nitrogen containing dissolved oxygen
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FIG. 1. The emission spectrum of liquid helium containing nitrogen and oxygen at 4.2'K. Slit width 2 mm. Line

width is instrumental. The intensity I is presented in arbitrary units. Zero line is located at I=4. 5. The labels
02 v' —v" refer to the oxygen C: Z„+ 4' X+ and the nitrogen A Z„X Zg transitions, respectively.

yielded any detectable light emission under the
same conditions. This observation supports
the energy transfer mechanism.

(4) The intensity of the emission, both in the
pure and in the (N, +O,)-doped liquid helium, was
independent of the height of the helium above the
source. Thus, no self-absorption was observed.

(5) A preliminary study of the temperature de-
pendence of the emission was made. When rela-
tively pure helium was used, exhibiting a weak
emission, the intensity recorded by the monitor
decreased by about 5'f/~ when the temperature was
lowered from 4. 2 K to 1.8'K. The intensity of
the emission from (N, +O,)-doped liquid helium
was found to decrease by about 10% to 20gq on
cooling from 4. 2'K to 1.8'K. The process was
reversible upon warming from 1.8 K to 4. 2 K.'
Thus, this decrease in the impurity emission
may be relevant to an interpretation of the de-
creased emission observed below the lambda point
in liquid helium. '~'

(6) Rough estimates of the efficiency of the scin-
tillation process in (N, +O,)-doped liquid helium
show that the scintillation yield (light energy out-
put/n energy) is of the order of -0. 1%.

We plan to repeat these experiments in a high
vacuum system using very highly purified He.

The spectral distribution of the emission from
liquid helium containing N, +0, is presented in
Fig. 1. The lines observed in the region 2000 to
6000 A can be assigned to the 0, Herzberg bands'~'
(C 'Z~+-X 'Z& ) and to the Vegard Kaplan N,
bands'~' (A 'Z„+-X 'Z& ). This observation of
symmetry- and spin- forbidden transitions due to
energy transfer in liquid helium shows promise
as a useful and versatile method for identification

of forbidden electronic transitions. We are plan-
ning to apply this method to small molecules (i.e. ,
H,O or NH, ) where the locations of the triplet
states are not known, and to larger aromatic mol-
ecules, where we hope to obtain information re-
garding the location of some spin- and symmetry-
forbidden transitions.
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