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The probability of simultaneously photoexciting and photoionizing helium has been mea-
sured near threshold at a wavelength of 186 A. It was found that about (8+ 2) Vo of the
ions formed at that wavelength were excited into the n = 2 state.

Double-electron excitation processes have been
observed by Madden and Codling in helium. '
They identified a Rydberg series of doubly excit-
ed states leading to the n = 2 state of the helium
ion. However, no observations exist on what
fraction of the ions will be formed in the n = 2
state. Since the evaluation of the Lamb-shift en-
ergy requires a knowledge of the oscillator
strengths for transitions to all states which can
be reached by dipole transitions from the ground
state, it is important to know the contribution of
double-electron excitation processes. In the
most recent calculations of the Lamb shift in he-
lium, Dalgarno and Stewart' and Salpeter and
Zaidi have included the contributions for transi-
tions such as (ls2)-(2s, eP) and (ls')-(2P, es).
They have argued that the most probable of these
simultaneous excitation and ionization transitions
is the (ls )-(2s, eP) transition, at least, for large
energies. However, Crownfield' has stated that
"it is approximately an order of magnitude more
likely that the ejected electron is an s electron. "
It may be possible to decide which argument is
correct by measuring the angular distribution of
the ejected electrons. '

In the present Letter we wish to report an ab-
solute measurement of the photoionization cross
section at 186 A for the transition to the n =2
state of the ion. The technique of photoelectron

spectroscopy was used. That is, by measuring
the kinetic energies of the ejected photoelectrons
it is possible to determine the number of ions
left in the n =2 state relative to the number left
in the n = 1 state. Since the ratio of the number
of electrons within each group is equal to the ra-
tio of the photoionization cross sections for these
two processes, the cross section for the n =2
transition can be found when the total photoioniza-
tion cross section is known for that wavelength.
However, in the present experiment, it was not
possible to distinguish between the (ls')-(2s, eP)
and the (ls')-(2P, es) transitions as these levels
are separated by only 0.0007 e V.

The photoelectron spectrometer was similar to
that described previously. ' A grazing incidence
monochromator was used with a light source
which produced an intense emission line of N V
at 186.153 A (66.602 eV). The threshold for the
n = 2 transition occurs at 189.577 A (65.399 eV).
Thus when helium is ionized by radiation of
186.153 A, two groups of electrons will appear,
one with an energy of 1.203 eV for the n = 2 tran-
sition and another with an energy of 42.015 eV
for the n =1 transition. These two groups of elec-
trons were observed with the expected energies.
The number of low-energy electrons was 0.08
+ 0.02 of the total number of electrons. The total
photoionization cross section of helium at 186 A
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is 1.1x10 "cm'.' Thus the photoionization
cross section for the n =2 transition is (9+ 2)
x10 "cm'. The calculated value for the (ls')-
(2s, ep) transition given by Salpeter and Zaidi is
8.4 x 10 cm'. Dalgarno and Stewart simply
quote the ratio of the cross sections calculated at
the respective spectral heads, namely, 1:0.0618.
On taking the ratio of the experimental cross sec-
tion for the n = 1 transition at its spectral head'
to that of the present experimental cross section
for the n =2 transition a. value of 1:0.012 is ob-
tained.

It is expected that the absorption of radiation
by helium of wavelengths shorter than 189 A will
populate the radiative 2P 'P, I, and 'Pzg2 states of
the ion (a) by direct absorption to those states
and (b) by absorption into the metastable 2s 'S»,
state with subsequent quenching caused by colli-
sional processes. The energy radiated is the im-
portant 303.781 and 303.786-A He II resonance ra-
diation, In the upper atmosphere helium is one
of the major constituents. Thus, the helium can
act as a continuous absorber of radiation of wave-
length less than 189 A and re-emit this integrat-

ed energy into the 303.78-A line.
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The attenuation of first sound in liquid helium was measured with an acoustical inter-
ferometer. Two results are of particular interest: the temperature dependence of the
attenuation in the critical behavior region near the lambda point, and contrary to recent
Brillouin scattering measurements, agreement with a theory of Khalatnikov and Cherni-
kova in the region below about 2 K.

The purpose of this Letter is to present the re-
sults of an investigation of ultrasonic attenuation
in liquid helium which is unique in two experi-
mental aspects. ' Firstly, the frequency is the
highest used in helium measurements —Woolf,
Platzman, and Cohen' obtained results at 0.56
and 0.72x 10 Hz using a Brillouin-scattering
technique, and more recently Heinicke, Winter-
ling, and Dransfeld, at 0.65x10 Hz, also using
a Brillouin-scattering technique. Secondly, the
attenuation is absolutely determined by obtaining
the exponential decrease in amplitude as the dis-
tance between the source and receiver transduc-
ers is increased. The central experimental prob-
lem stems from the fact that the acoustic wave-
length is only approximately 2000 A, and accura-

cy of alignment usually associated with optical,
rather than acoustical, interferometry must be
maintained throughout the experiment. But it is
the results of the measurements whigh are of
primary interest and it will be shown that, among
other things, at this elevated frequency the criti-
cal region around the lambda transition is delin-
eated in a way not possible at much lower fre-
quencies. ~~' Further, our measurements yield
greater detail and accuracy than has been previ-
ously reported.

The measurements are made with a pulse two-
transducer (cadmium-sulfide thin film on a
quartz substrate) acoustic interferometer of
variable path length. The primary purpose of
pulsing is to reduce the duty cycle to the point


