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NEGATIVE PHOTO-EFFECT IN HELIUM

W. S. HUXFORD
Northwestern University, Evanston

EXCITATION STATES OF HeoioMm

The states of helium excited by
electron impacts are shown in figure
1. Tn the left column appear the
singlet states of the normal atom in
which the spins of the two electrons
are anti-symmetric. The term par-
heliwm was originally applied to this
form of excited helium emitting
singlet lines. If, in the process of
excitation, the spin of the emission
electron is reversed, a series of trip-
let states results. The name given to
atoms having these configurations is
orthohelivim.

The parhelium state 1s 928 18, is
metastable. The corresponding state
of the orthohelium configuration, 1s
25 59,, is also metastable. The latter
forms the ‘‘ground’’ state of the
triplet system. Atoms in either of
these states eannot return to the nor-
mal ground level by simple emission
of radiation. Although both can lose
their energies by collision processes,
there is ome respect in which they
differ. An atom in the parhelivm
metastable state can be transformed
to a normal helium atom by absorp-
tion of radiation which lifts it to a
higher exeitation level, from which
it can return to the ground state by
the emission of spectral lines. Ortho-
helium atoms can return to normalcy
only by some collision process.

The line most strongly emitted by
parhelium is the line at 2.0582 mi-
crons. The corresponding emission
by orthohelium consists of three lines
at 1.08304; 1,083025, and 1.082908

microns, the last three linés being

unresolved by most spectrographs.
Conversely, all of these lines are
strongly absorbed by atoms in the
corresponding metastable states. One
method used in this laboratory to
determine the relative abundance of
atoms in the two states in a discharge
is to measure the absorption of these
lines emitted by a bright helium gas
source and sent through the excited
gas. :

INFRARED LINE RADIATIONS

Many measurements of the rela-
tive intensities of the two “‘reson-
ance’’ type of lines arising from
transitions from the next higher level
to the metastable levels in helium
have been carried out in this labora-
tory. In Geissler glow discharges the
ratio of the emitted intensities at
1.0830p and at 2.0582p. varies strong-
ly with pressure. Itisa nearly linear
relationship, varying from a value
of 4:1 at .5 mm Hg pressure 10 about
50:1 at 10 mm Hg pressure. The
ratios are slightly higher at higher
currents in the range from 10 to 80
milliamperes. In the case of are dis-
charges, the ratios vary from about
12:1 at 8 mm Hg pressure fo more
than 100:1 at higher gas pressures.

These results indicate that par-
helium metastables are rapidly de-
stroyed through absorption of radia-
tion as well as by collisions, these
offects becoming more efficient as the
gas pressure and current densities
are increased. Orthohelium metas-
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tables are destroyed by collision
brocesses only and by diffusion to
the walls or electrodes of the dis-
charge chamber,

CuANGE oF CurrExT PrRODTCED BY
Licorr 18 Grow D1scHARGES

When light emitted by a strong
glow discharge in helium is allowed
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diagram of He atom.

to shine upon a second discharge, the
current in the second tube decreases
and the potential increases, How-
ever, these changes are small, par-
ticularly for discharges in narrow
capillary tubes. Results obtained for
radiation from one Geissler dis-
charge allowed to fall on a second
tube placed parallel to it about 3
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inches away is shown in fig. 2. 1t
the light is focussed on various parts
of the second tube it is found that
90% of the effect occeurs when the
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negative glow region near the cath-
ode is irradiated. No effect is found
in the positive column of the glow
where metastable atoms make a neg-
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F'16. 2—Change in characteristic of Geissler discharge due to 2.0582 p radiation.
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ligible contribution to the mainte-
hance of the diseharge.

Careful studies were made on the
effect produced by both the 1.0830.
line and the 2.0582y line on the dis-
charge. Using both a spectrometer
and filters it was found that N0 meas-
urable change is caused by the
1.0830x line. The conelusion has
since been confirmed that only the
2.0582y line affects the discharge.
This result is understandable ag only
parhelium metastable atoms can be
destroyed by light. Even though both
types of metastable atoms may pro-
mote ionization processes in the gas,
only the parhelium metastable state
can be bermanently affected by the
absorption of line radiation.

RoLe or MrerasraBLE ATonMs 1IN THE
DiscrarcE

Several years ago it was estab-
lished in this laboratory that meta-
stable atoms play a significant role in
Townsend currents in an argon-filled
cesium phototube. The current be-
tween parallel plates of a phototube
in which a current of emitted elee-
trons, i,, is caused by light falling on
the cathode is given by

o [X-M o

1o €

1-“/(EOC[X—3}1)

In this equation i, is the electron
current which would flow due to
light if there were no gas in the
tube; x is the Separation of the
parallel plates in cms ; o is the num-
ber of ion-electron pairs produced
by collision of electrons with gas
atoms; § = V, / E, where V; is the

(1) i—

177

lonization potential of the gas and
E =V /xis the field intensity, and
7 = the average number of second-
ary electrons emitted from the cath-
ode per positive jon reaching it.
The coefficients o« and 7 determine
the amplification constant K =i / j,
for a gas-filled phototube.

It was found that the secondary
Townsend coefficient v appearing in
this expression must include the
effect of metastable atoms which dif-

- fuse to the cathode and release elec-

trons, as well as the effect of ions,
In other words

(2) V== o,

Here v, represents the release of
electrons due solely to the ion, while
Ym 18 the effect of metastable atoms
in releasing electrons, It turns out
that v, and v, are of the same order
of magnitude at P =1 mm Hg pres-
sure. For Cs-Ag-O cathodes

Tm = Y, = 2, Although metastable
atoms and ions are formed in about
equal numbers, only a part of the
metastable argon atoms diffuse to the
cathode. All of the jons formed in
the discharge are drawn to the cath-
ode by the field.

In these experiments at pressures
P = .8 mm Hg, the main effect of
mmetastable atoms is at the cathode
in releasing electrons to the dis-
charge. Current densities were of
the order of 107 or 10~ amp/cm?,

At higher pressures and at larger
current densities metastaple atoms
contribute to the discharge in other
ways. They may effectively ionize
impurity vapors or foreign gas
atoms, or they may, by collision with -
each other, produce electron-ion
pairs. Thus, if He* represents a
metastable He atom,




178

(3)

This stepwise jonization process
can be significant in a pure gas at
clevated pressures and high excita-
tion densities. The frequency of col-
lision of metastable atoms with each
other varies as n* where 1 is the
pumber of metastable atoms per em’®
in the discharge space.

One of the objectives of the present
research is to attempt to determine
in a particular discharge how much
metastable atoms contribute to the
discharge by release of secondaries
(y—mechanism), and how much
they contribute by other processes
which oceur in the gas phase (volume
effect). Because from the results ob-
tained with a glow tube it was found
that destruction of parhelium meta-
stable atoms produces a measurable
effect only in the near-cathode re-
gion of the discharge, it was decided
to build tubes in which only the nega-
tive glow oceurs. Quch tubes are re-
ferred to generally as negative glow
lamps, and include such forms as
the hollow cathode glow and gas-
filled phototubes. The negative photo
offect s found to be largest at rather
low pressures, since presumably col-
lisions and radiations within the dis-
charge itself greatly reduce the
population of parhelium metastable
atoms.

Brrser oF 2.0582 MicroN LINE ON
Puoro CURRENTS

A number of helium-filled photo-
tubes were prepared having regular
activated cathodes and high purity
gas. Cathodes of both cesium-silver-
oxide and cesinm-antimony types
were used. Gas pressures for the
former ranged from .5 to 3.0 mm Hg,
and for the latter from 1 to 3 mm Hg.
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He* -+ He* — [He,' +e] —He +He + €

These tubes were made for this work
by R. W. Engstrom of the RCA Tube
Laboratory, Lanecaster, Pa.

These tubes are not operated in
the normal manner as photo-detect-
ors. Instead, a series resistance of
from 4 to 100 megohms is connected
in series with the tube and a d-c
voltage source higher than the break-
down potential of the gas. At the
higher pressures this potential is
about 120 volts at 3 mm Hg pres-
sure, but it is of the order of 400
volts at the lowest pressures used.
The tube requires no external light
for its operation. Upon breakdown
the TR drop in the resistor limits the
current to values in the range of
from 1071° amperes to 10 or 20 mi-
croamperes as may be desired by
change of the input voltage. The
activated electrodes are not damaged
by prolonged operation at the higher
currents.

This type of ¢¢dark’’ discharge is
referred to as a ¢¢gelf-maintained’’
Townsend discharge. The reason for
this name is that no space charge
and hence no cathode fall space is
created. The electrodes may be par-
allel plates or a wire and semi-
eylinder arrangement. The present
tubes are of the latter type, and
either electrode may be made the
cathode. When the activated surface
is the cathode, the potential across
the discharge is lower than for the
reverse polarity. This potential is
econstant over a range of current

“yalues from 107 to 107 amperes.

Beyond about 1 microampere the
potential drops linearly with in-
crease in current through the tube.

The cireunit used for operating the
helium phototubes is shown in figure
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3. Both a 350-volt rectifier supply
and a bank of 45-yolt dry batteries
have been used as g source of poten-
tial. An electrostatic voltmeter read-
ing up to 300 volts is used to deter-
mine the voltage across the discharge
tube. Currents are read by a gal-
vanometer or microammeter.

When line radiation at 2.0582 mi-
crons from a high-intensity 60-watt
helium are operating at about 18 mm
Hg is allowed to £al] on the excited
gas in the phototube, the current de-
creases and the tube botential in-
creases. A Bausch and Lomb glass
filter, which basses only wave lengths
beyond 1.3 &, was used between the
light source and the tube. Changes
in the volt-ampere characteristic due
to radiation of a tube containing
helium at a pressure of .55 mm Hg

Wy

4-100 Megs.
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are shown in figure 4. The dotted
lines show the shift of the character-
istic with a constant light flux shin-
ing on the tale.

The current change produced by
the light with the source about 3
inches from the phototube is remark-
ably constant over the range from
1to12 microamperes. It is about .5
amp. and is brogressively smaller for
tube currents . below one miero-
ampere. Apparently there are only
S0 many quanta available for ab-
sorption in the 2.0582 # line radia-
tion from the source, and the con-
stant current change represents a
saturation effect, Thig Phenomenon
oceurred in all of the measurements,
The corresponding voltage change is
about .6 volt for the data shown in
figure 4.
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F1e. 3. —Circuit for detecting negative photo-effect.
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F16. 4—Negative photo-effect in He phototubes.

The current changes caused by a
given light flux are larger when the
tube is connected with the activated
cathode positive. Since the v—
mechanism for metastable atoms
causing release of electrons must be
very small in this case, since the wire
eleetrode used as cathode is not acti-
vated, and since also it has a very
small area for intercepting the dif-
fusing metastable atoms, their role
in the discharge must be a volume
effect. Measurements are being car-
ried out to determine the lifetime of
metastable atoms in these discharges.
To date the mean lifetimes appear
to be a few milliseconds.

Another method of investigation
being used is to employ modulated
or pulsing radiation. The time rve-
sponse of the phototube current to
this light is determined by applying

the potential across the series re-
sistor of figure 3 to an oscilloscope.
The signal detected may then be
analyzed to determine the presence
of more than one kind of current
change as a function of time.

Figure 5 shows four oscilloscope
photographs made using the helinm
arc operated from the output of a
60-¢ycle 650-volt transformer. There
are 120 half sine wave loops per
second. The effect of these light
pulses is shown in figure 5a where
unfiltered light of the are falls on the
helium phototube with cesium sur-
face used as eathode. In this the
tube responds as a normal phototube,
with positive current loops turned
upward.

Figure 5b shows the results ob-
tained when the phototube is con-
nected with the wire used as cathode.
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Fis. 5—Negative photo-effect using pulsed radiation. (a) Positive wave pulses
from A-C helium are; p — 3 mm Hg. (b) Negative current pulses, Cs-Ag-O surface

positive. (¢) Negative current pulses,

pulses, Cs-Ag-0 negative; p = 556 mm Hg.

The shape of the current pulses are
similar to those shown in figure Ha.
[n this case, however, the loops ap-
pear reversed and represent the ef-
fect of absorption of 2.0582 p line
radiation. The pulses represent de-
erease of eurrent in the tube with in-
creasing light intensity.

Figure 5¢ shows the negative cur-
rent pulses produced when the ces-
ium activated electrode is the cath-
ode, the image of the are licht being
carefully foecussed on the gas in the
region of the collecting wire elec-
trode. In this region metastable
atoms are most dense. Absorption of
light and decrease of current sets in
as the light intensity inereases. How-
ever, there is a pronounced lag in

Cs-Ag-0 surface

negative, (d) Negative

response of the cell, and at about
three-fourths of a half period later,
an additional megative tip in the
current loop is observed. This is
believed to be a rather sudden
change, occurring when there is a
““hole”” in the supply of metastable
atoms which normally reach the
cathode, causing a further sudden
decrease in current. The relative
change is small and presumably the
volume effect of metastable atoms is
than the 7v-action, causing
release of secondary electrons from
the cathode surface.

The tube used in the above ex-
periments had a pressure of 3 mm Hg
of helium gas. Figure 5d shows the
results with light foeused near the

ereater
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Dositive wire eleetrode in a tube in
which the pressure is. .55 mm Hg.
No distinet Pip appears in the pulse,
but initial decreage of current ig
much more rapid. In alternate pulses
a distortion ig bresent, indicating
release of secondary cathode elec-
trons but contributing to the current
decrease much earlier in the period
than in the firgt, This interpretation
is reasonable sinee the rate of dif-
fusion of metastable atoms ig much
more rapid at .55 mm Hg than at
3 mm Hg.

Conorusions

The existence of a negative photo-
effect in pure helium has been con-
firmed. Inp phototubes containing
helium in the bressure range from
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25 mm to 3.0 mm Hg a readily
measured decrease in current is ob-
tained when the gas is irradiated
with the are line of helium in the
infrared at 2.0582 u. Tt is shown
that a similar effect is not produced
by the 1.0830 p line of helium, al-
though the latter is much more in-
tense in the arc source. The results
show that in phototubes having a
wire cathode and at currents greater
than 2 microamperes ber cm? the
action of the Ietastable atoms jg
predominantly that of volume ion-
ization. It is algo believed that gec-
ondary emission of electrons, in-
duced by metastable atoms arriving
at an activated (g cathode, contrib-
utes less to the discharge mechan-
ism than ionization produced by
metastable atoms in the gas itself.
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