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The spectral distribution of luminescence exciteq in liquid helium by fast electrons
was measured in the region between 500 and 3000 A. The spectrum shows transitions of
the He, molecule and is sensitive to the presence of impurities such as Nj.

The luminescence produced in liquid helium by
energetic charged particles has been the subject
of several experimental investigations.!”® These
have provided evidence for the existence of meta-
stable states in the liquid and have given informa-
tion about optical transitions between excited
states of the liquid. An investigation of the di-
rect luminescent decay of the liquid to the ground
state is more difficult since it requires measure-
ments in the vacuum ultraviolet. We have under-
taken such an investigation by studying the lumi-
nescent spectrum in the wavelength range be-
tween 500 and 3000 A.

In our experimental arrangement the liquid he-
lium (condensed after passing through a liquid-
N,-cooled charcoal trap) is excited by a 1-Ci tri-
tiated-titanium B emitter immersed approximate-
ly 1 cm below the surface of the liquid. (In the
liquid, the B particles have a range less than
0.05 mm.) The light produced in the region near
the source travels vertically upward, passes
through a monochromator,® and then impinges on
a sodium salycilate converter. To prevent ab-
sorption of the uv radiation, no windows are used
between the liquid and converter. The visible
and near-ultraviolet light produced at the con-
verter is detected by a cooled EMI 9514X photo-
multiplier tube. The output of the photomultiplier

tube is fed into a discriminator (to discriminate
against low-level noise and spurious large pulses
due to cosmic rays) followed by either a scaler
for a digital output, or an integrator for an ana-
log output. Most data were taken digitally, set-
ting the grating for a particular wavelength and
pulse counting for up to four minutes.

The luminescence from the liquid is shown in
Fig. 1(a) (solid circles) in the region between
580 and 1080 A.” The spectrum is characterized
by a broad peak near 780 A and by a narrower
peak near 600 A. No luminescence is observed
at wavelengths between 1200 and 3000 A, or be-
low 600 A. (No intensity should be observable be-
low 500 A since the He vapor above the liquid ab-
sorbs strongly in this region.) The spectral dis-
tribution is independent of temperature between
2.7 and 1.2°K, while the intensity increases by
about 10% when the temperature is lowered from
2.7 to 1.2°K. (No sudden change is observed as
the temperature is varied through the lambda
transition at 2.2°K.) As shown in Fig. 1(b), the
leading edge of the spectral distribution near 600
A varies with liquid level, indicating that the liq-
uid absorbs the radiation in this region.

In order to examine the behavior of a potential-
ly simpler system, we measured the lumines-
cence from He gas at 4.2°K at pressures between
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FIG. 1. Luminescent intensity I, in arbitrary units,
as a function of wavelength A. (a) Solid circles: no im-
purities (12 A resolution). Squares: 0.2% N, impuri-
ties (20 A resolution). Triangles: 0.6% N, impurities
(20- A resolution). (Vertical scales are adjusted so
that the curves coincide at long wavelengths.) (b) Inten-
sity I as a function of A for various heights & of the lig-
uid level above the source (12- A resolution). Solid
curve: 2=2 mm. Dashed curve: 2=5 mm. Dotted
curve: £=13 mm.

1 and 300 Torr. A broad peak was observed at
about 680 A and a sharper peak at 600 A. In
spectra produced by electrical discharges in he-
lium gas, the peak at 680 A has previously been
identified® as the He, molecular transition D'Z,*
~X'T,*. The line near 600 A has been attribut-
ed® to transitions from weakly or nearly bound
states of the He, molecule produced by the atomic
reaction He(2'S) + He ~ He,(A*Z,*). (The atomic
transition 2'S—1'S, forbidden for an isolated He
atom, would occur at 601.4 A.) We find that, as
the pressure of the gas is increased, the position
of the peak near 600 A shifts to longer wave-
lengths and the peak intensity decreases. (At gas
pressures of 100-300 Torr, when the light tra-
verses about 10 cm of He gas at 4°K, the lumi-
nescent spectrum of the gas near 610 A appears
similar to that of the liquid.) Thus it appears
that the peak near 610 A in the liquid is the wing
of an emission line, centered at 600 10&, which is
absorbed strongly by the liquid.

In the wavelength region above 1200 2&, previ-
ous work has shown that the total liminescent in-
tensity is affected by the addition of O, or N, im-
purities (presumed to be in colloidal form).® We
find that in the vacuum-ultraviolet region both
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the intensity and detailed spectral distribution
are affected by N, impurities as shown in Fig.
1(a).® The intensity at each wavelength decreas-
es monotonically with impurity concentration.!!
(Thus the observed change cannot be due to emis-
sion from the impurities.) Furthermore, the
spectral distribution does not change appreciably
for impurity concentrations greater than those
shown in Fig. 1(a). (Thus the observed change
cannot be due to absorption by the N, impurities.)

The effect of the impurities can be explained by
assummg that the spectral dlstrlbutlon near 780
A consists of two peaks, one at 825 A and one at
about 755 A, the latter being more sensitive to
impurity concentration. In particular, if the ex-
citation responsible for the 755-A transition has
a longer lifetime, it would have a greater proba-
bility of being quenched by the N, impurities as
it diffuses through the liquid. In the case of elec-
trical discharges in helium gas, various experi-
ments suggest the existence of a broad emission
peak in the region between 790 and 825 A.»2 This
peak has been identified as the helium molecular
transition A'Z," ~X'Z,*.® In the liquid, popula-
tion of the A'Z,*(v =0) state has been observed
previously.? It therefore appears quite likely
that the peak at 825 A is the molecular transition
AT, YW :0)-—X‘Eg+. The origin of the peak at
755 A seems less clear. Considering singlet
states of the He, molecule, the singlet-singlet
transitions B -X and C - X are forbidden by pari-
ty, while the D~ X transition occurs at 675 A.
Furthermore, the triplet-singlet transition a =X
would occur at an estimated wavelength about 12
A shorter than the A ~X transition, too close to
account for the splitting we observe experimen-
tally.’® One conceivable possibility is that the
transition B — A takes place so slowly (because
of the small energy difference between B and A)
that the transition B —X occurs by some higher-
order process. The B —~X transition would then
occur at a wavelength approximately 45 A short-
er than the A -~ X transition®® (as compared with
our experimental peak at 755 A which is 70 A be-
low the presumed A - X transition).

When compared with the results of previous ex-
periments,™ our data indicate that the liquid is
transparent at wavelengths greater than about
605 A. This observation is consistent with re-
flectance data on liquid helium since the reflec-
tance peak of longest wavelength occurs near 597
A.® However, although the 23S state has previ-
ously been shown to be populated,? we find no evi-
dence of the forbidden transition 23S— 1S which
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would occur at 626 A.

In general, the present experiments’® indicate
that the luminescence of liquid helium in the vac-
uum ultraviolet reveals well-defined spectral fea-
tures and that, in transitions to the ground state
as well as in those previously observed? between
excited states, distinct He, molecular transitions
can be identified.
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