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Abstract

This final report describes studies performed under contract
No. E(11-1)2961 with the Department 6f Enérgy during the period
of June 15, 1976 to February 28, 1981. The studies were per-
‘formed by students Robert Nelson, Bruce Lénd and Jim Herrmann
with supervision by Dr. J. A. Cafruthers. |

The original.studies were undertaken to study the feasibility
of radiation-induced cataphoretic separation, by J..A.
Carruthers, L. M. Chanin and H. J. Oskam. This part of the work
is concerned with laser—induced'catapho:etic_separation in neon
using a He-Ne 6328A°»1aser; The basic concept of radiation-
induced cataphoretic’isotopg separation is based on the-preferep—
tial excitation of one isotope with the result that one iéotope
is more reédily ionized, and-relatively more of its ions move
toward the cathode in the dc discharge. .For the later part of
the work a second radiation source was added, a helical
Nezo_radiation lamp.

| Radiation-induced cataphoretic isotope separtion haé not

been observed. Selective excitation has been achieved by both 

20 6328A° laser and the Ne>® helical radiation lamp in

the He-~Ne
spite of the fact that the isotope shift is comparable with
Doppler-broadened linewidths. Collisional excitation exchange
between the Ne20 and Ne22 atoms does not appear to be a problem
fo: the neon partial prescsurc range involwved.:

. The population of the l&ﬁ and‘2p4'laser levels (6328A°) are

apparently too low to offer reasonable expectation of inducing
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.observable cataphoretic isotope separation'by means of the 6328A° .
laser radiation, even with the high detection sensitivity of the
scanning Fabry-Perot spectrometer system. The use of the addi-
tional radiation source in the form of a helical Nezo radiation
lamp has not improved the efféctiveness of the laser 6328A° suf-
fidiently‘to justify further experiments with the 6328A° laser.
it has»bécomé clear from these experiments, however, that fof isb-
tope separation in neon it is well to concentrate on using
radiation sources that interact mainiy with the ls population.
Experiments which appear justifiable at this stage require a
turnable dye laser, but it appears that a highly stabie narrow-
linewidth laser is not required in the initi$1 experiments. For
fﬁis reason an experiment'is being considered using a relatiQely
simple argon-pumped dye laser which is available, so that outside
support is unnecessary. If this experimeht gives very
encouraging results, as discussed in Sectién 4, further experi-
meﬁts With highly stable ion lasers for selecﬁiye iéotope pumping

could be considered.
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I. Introduction

A study of radiation-induced cataphoretic separation of isoto-
pes in a gaseous discharge was started in June 1976 under
Contract No. E(11-1)2961. Progress reports have been éubmitted

in February 1977, and February 1978 as reports CO0-2961-1 and

CO0-2961-2 by J. A. Carruthers, L. M. Chanin, and H. J. Oskam.

Other reports were C00~2961-3 by J. A. Carruthers in June 1979,

and a final repért by L. M. Chanin and H. J. Oskam in January
1980 as C00-2961-4. This is a final report by J. A. Carruthers.
The basic concept of radiation-induced cataphoretic isotope
separation is based on the preferential excitation of one isoﬁope
by radiation with the result that one isotope is more readily.,
ionized, and relatively more of its ibns should ﬁove towardithe

(1)

cathode in. the dc discharge. For most of the work discussed

here the radiation source is a He-Ne 6328A° laser, containing only-

the isotope Nezo. A cataphoresis discharge tube containing He3,

20, and Ne?? is also within the laser resonator and is sub-
jected to the laser»radiation. Also, for much of the work during
the final yeaf a second radiation source wasiadded.in the form of
a spiral Ne20 wonouisotopic fluorescent lamp mounted around the
cataphoresis tube, as discussed in section 2.5. Because of the
interaction with the laser rédiation, preferential depletion of
the upper (352) level should occur for the Ne20 isotope, and
hence preferential ionization of the Ne22 isotope should be
observed, hopefully leading to cataphoretic separation of the

Ne20 and Ne22 isotopes in the dc discharge.
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" The isotope shift for Ne20 and Ne22 is about 875-MHz(2), with

Ne22 at the higher frequency. The half-power full width of the
Doppler-broadened'line is about 1400 MHz. Hence the isotope.
shift is hardly enough for preférential pumping of one isotope.
A method for operating the 1aéer‘to improve the selectivity of
excitaiion of the one neon isotope had been developed in the

(3)

course of research on self-locking in multimode lasers. The

technique is preferable to operating the laser in a single mode

'since higher power is achieved and ultra-sensitive control

systems are not required to control cavity tuning. The technique
depends on having one mirror of the laser resonator moving at a

constant velocity of about 10 cm per sec. If the mirror is

moving to shorten the cavity, the laser modes are confined to the

upper half of the Doppler linewidth, while if the mirror motion
lengthens the cavity the modes are restricted to the lower half:

There is no‘appreciable loss of laser power since the laser beam

' traverses the gain medium in both directions and, because of

image hole-burning, interacts with all of the atoms of the one

isotope.

2

2p4) has the.upper 3s2 level aﬁ
about‘0.9 eV below the ionization level, whereas the lower

The 6328A° laser line (3s

2p4 level is an additional 2 eV lower (see Fig. 1). One would
therefore expect the ionization probability to be higher for

atoms in the upper 352 state. If the population in the

cataphoresis tube is inverted, with that of the 3s_, level greater

2
than that of the 2p4, the laser radiation due’ to the

He-Ne20 laser should reduce the population of the upper



Nezo-level, leaving that of the Ne22 iosotope relatively

-unchanged. The current in the cataphoresis tube should decrease
'whén the laser radiation is present due to a decreased ionization
rate for the Ne20 isotope. Observations‘would appear to support
this‘expectation, but the change in current due to the laser
radiafion is small, generally less than éné pefcent, depending on
Vdischarge conditions, and even the detailed mechanisms leading to
the current change are not entirely clear.-'A number of experi- |
ﬁents have been‘unaertaken‘in the'hope of'finding the coﬁditions
for maximum current:change, as well as to help clarify the
‘mechanisms involved.

A spectroscopic technique fof obéerving isotopic separation
ffom the change in fluourscent line shape has been uéed
throughout. Using a specialized scanning Fabry-Perot spectro-
meter a very sensitive technique has been déveloped, éapable of
detecting'abchange in isotope ratio of less than 1%. |

| Although the system has a high detectionAsensitivity.for iso-
tope separation éll attempts to achieve measurable separation'df
the neon isotopes were unsuécessfpl. It was believed that one
reason fo; the hegatiQe result was that tﬁe relative population of

the laser 3s, and 2p4 levels was too low. Therefore during the

2
final year it was decidedvto attempt experiments involving two
radiation sources, one a-monoisotopic neon radiatioh source to
selectively pump from the 1ls levels to the 2p, levels, the‘other
the 0.63 yu léser source ;o pump from the 2p4 to the 3s2 level.

This experiment has also produced a negative result. Some of the

observations during the experiment suggested that very slight
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cataphoreﬁic separation migh£ be occuring,.both'these effects -
were eventually shown to be extraneous. The high intensity

. fluorescent radi;tion lamp wés found to affect thé'temperéture'of
the caﬁaphofesis tube, and therefore to causé an observable
change in line shape, but a change which was not consistent with
é change in isotope ratio. .The general theory of radiation-
induced cataphoretic_isotope separatioﬁ has beenlcovered in the
final report by Chanin and Oskam(4); ﬁanuary 1980. Their results
using monoisotopic radiation'laﬁps«were also negative.. Their

conclusions are also pertinent.



2. fAbparatus

2.1 The Basic System

The basic apparatus for studying laser-induced -cataphoretic

isoﬁope separation at 6328A° is shown in Fig. 2. For observing:
tﬁe laser-induced current éhanges a beam chopper is placed be- -

vtween the two tubes to periodically interrupt the laser, and the
resulting périodic current éhénges in the cataphoresis tube are

monitored on an oscilloscope.

The pumpAand filling station was assembled from an existing
system, with a GraﬁVille—Phillips differential capacitive mano¥
meter and.calibrated leak valves added. Both the'lasef énd
cataphoresis tubes are attached to the pumping station. The
laser cavity is about 1.2 m long, and,useS‘high—reflectivity
mirrors of 1.47 and 10.0 meters radii of curvature. The laser
operatés with high—order-off—axial modes, and the cavity is
designed fpr the radiation to fill the bore of the cataphoresié
tube as COmplétely as.possible.

The shape of the cataphioresis tube has evolved considerably.
It is now about 50 cm long, with a bore diameter of 6 mm.
Observation of the spontaneous fluorescence is made using a side
tube of about 5 inches in length, which is in the diécharge path
but not in the path of the laser beam. %Thus one is able to

observe the relative fluorescent intensity of the Nezo'and

1

Ne22 isotopes near one end of the discharge, and to note any

c¢hange in the relative populations of the two isotopes due to

cataphoretic separation. The fluorescence sahpliﬁg tube produces

a relatively intense fluorescent beam of small source area which

is fed through spike filters to a wide;angle broad-band confocal
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spectrometer. The spectrometer is scanned répetitively through
its free spectral range,_ahd the double-isotope fluorescent line
can be_displayed.on an oscilloscope. A small AC séan at 90 Hz,
with narrow—baqd signal amplification and syncﬁronous,detection
also permits the slope of the line shape to be simultaneously
traced out-on a strip chart recorder with a much better signal-to-
noise ratio. This slope tracing is‘ve¥y sensitive to small
changes .in the isotope ratio.

The isotope splitting at 6328 A° for Ne?o'and Ne22 is about
875 MHz. At the temperature of an ordinary discharge tube the
-Doppler broadenipg isAappreéiably greater than this, and is suf-
ficient to keep the two isotope linés from being properly
resolved. But by cooling the fluorescence sampling tube by means
of liquid nitrogen (the main laser-irradiated section of the
cataphoresis tube'is not cooled) thg Doppler width is reduced and
the isotope lines are better resolved.\

2.2 The Scanning Fabry-Perot Spectrometer

There are two similar versions of the inétrument available,
one with 3.75 cm spacing and a free specgral range of 2.0 GHz,
.the other with spacing of 2.Q'ém, and free spectral range of 3.75
GHz. Because the free spectral range oﬁ the instruménts are com-.
parable with -the linewidth when two isoéopes are present, the
line shape is not pfoperly reproduced, even though the linewidth
of the spectrometer is less than that of the fluorescent line.
Bﬁt the sensitivity for observiné_smali chanqes'in the ratios of

the two isotopes is thereby improved. That is, if the ratio of

the two isotopes4is initially equal to unity, a small change in
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the isétope ratio produces relétively large changes in the slope
of the line shape curve near the central minimum.
Figures 3(a).and 3(b) show typical results of calibration
tests of the sensitivity of one of the scanning Fabry-Perot

spectrometers, when used to monitor. the Ne20:Ne22 isotope

(5)

ratio. Even when the fluorescence sampling tube is cooled to
reduce the'Doppler linewidth ihe two isotopes are only partially
resolved. The very shallow minimum is eitremely sensitive to
small changes in the isotope ratio. Figure 3(b) is a plot of the
slope of the curve of Fig. 3(a), obtained uSiAg synchronous
detection etc. The two central peaks,'the one'neggtive and the

other positive, are carefully measured when known quantities of

one isotope are added. For example, in a 10:1:1 mixture of

He3:Ne20:Ne22 the ratio of the amplitudes of these peaks changed
by 11% for each 12 change in the NeZO:Ne22 ratio. Under the very
20 22

best conditions 1/10% change in the Ne”™ “:Ne ratio is
detectable, and a 1% change is readily observable under virtually
all conditions. »

The high sensitivity Qf the Fabry-Perot system for detecting
changes iﬁ gﬁe isotope ratio has had a significant inﬁluence on .
the program. The relatlvely small populatlon of the neon 352 and
2p4 levels assoc1ated with the 0.63 u laser has meant that the
cataphoretic separation of the neon 1sotopes induced by laser
radiation would be relatively swall. That is, most of the neon

ions would arise from the-£ighly populated ls'lévéls, not the 3s
or 2p levels. But because of the high sensitivity for 6béerving
cataphoretié separation it had been anticipated that some

cataphoretic separation would be observable. l[lowever, to date,

this expectation has not been fulfilled.
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(b) Slope of the spectrumtcurve.

\

Typical lineshape data from the Fabry-Perot
spectrometer. (a) The partially resolved
0.63 u line for equal Ne20 and Ne2? mixture.
.(b) The slope of the spectrum curve.

Fig. 3
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2.3 The Opto-Galvanic Effect

‘When early attempts to'obéerve cataphoretic separation of the
neon isotopes induced by the.6328A° laser radiation produced
negative results, it was decided to examine the laser-induced

—8, with

current (or voltage) changes in the cataphoresis tube6
ihe hope of improving the prospect for obtaining'measurable iso-
tope separation.

In Fig. 4 some typical i-v charac£eristic curves and measured -
values of the opto-galv;nic effect for He:Ne20 in the cataphore-
sis tube, with the laser tube also conﬁéinihg He:Nezp,:are shown.
The changes in current, Ai, induced by the laser radiation‘are;
given as a function of the discharge current and aischarge
voltage for two gas mixtures. The resistance connecting the
discharge tube to the variable regulated voltage supply is 61 k@.
The values of Ai can readily be converted to change;\in voltage,
Av, by multiplying by 61 k, but the inérements are of opposite
sign since an increase in current correspohds to a.decrease in
" voltage across the discharge. Because the laser fadiation has a
significant efféét on theAshape of the elgctron-energy distribu-
tion curve, i£ is not clear what represents the best way to
reporf the data.  The raw data is shown here, noting that in
generalnan incfease in current (or decréase in voltage) indicates

an increase in the ionization rate. The data is discussed

further in Section 3.1.
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2.4 Moving-Mirror Laser for Selective Excitation

Previous work has s‘nown3 that when one mirror of a laser
resonator is moved continuously at a velocity of several cm/sec
the multi-méde laser output shifﬁs to one side of the Doppler.
linewidth, to higher frequencies when the laser resonatof is.being
shortened and to lower frequencies when the laser is being
léngthened; In the"apparaths shown in .Fig. 2, the laser tube
contains He3:Ne20, while the cataphbnésis tube usually contains
He3 and equél amounts of Nezo and Ne22., The cataphoresis tube
provides some gain, aﬁd hence the laser modes are shifted
slightly to high frequencies because of the Ne22 that is present.
Because the isotope separation is less than the Doppler linewidth_
of either isotope, and because of the image-mode nature of the
interaction of the radiation in a laser resonator, the result is
there is not much difference in the excitation of the two isoto-
‘pes unless the moving-mirror technique is employed. It is found
that a simple but effective technique can be developed with prac-
tice Qhere the mirror is moved out for about 10 ém by hand, is
quickly ﬁoved back while tilting out of alignment, and then moved
outward agaiﬁ, etc. A motor-driven $ystem can probably be
developed, but such attempts to date have not been effective.

The data of fig. 4 is for the opto—éalvanic effect in the

P :
cataphoresis tube when Ne20 is in both the laser tube and the
cataphoresis tube. When the neon in the cataphoreéis tube is

20 .nd Ne2? at the same total

chanéed to equal proportions of Ne
pressure the opto-galvanic effect ié reduced as expected but only
by about 15% if the laser mirrors are stationary. The opto-
galvanic effect should be rgduced by a factor of gwo'if only the

Ne20 isotope were interacting with the laser radiation because
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the Ne20 concentration is reduced by a factocr of.2.- But when the
mirror is moved outafds to reduce ﬁhe laser frequency and thereby
reduce the intér;ction'with the Ne22 atoms'the opfo—galvanic is
further reduced by about 25%. Similarly, if the cataphoresis’
‘tube contains He3-Ne22 the optb—galvanic effect due to the laser
is still quiée large. But if the laser frequency is down-shifted
_ by moving the mirrof theAOpto-galvanic.effect is reduced by about
two thirds.

These observations show the importance of‘shifting'the laser .
radiationAby as much as'possiblé toward the one isotope line if
pumping is to be selective. This is especiallyitrue if the
cataphoresis tube provides gain, bu£ is not so important if the

cataphoresis tube produces loss.

2.5 Monoisotopic Radiation Source

. In order to improve the prospect of observing cataphoretic

isotope separation it was decided to use a combination of laser
radiation and a monoisotopic fluoresencent radiation source. the
latter would primarily affect the ls and 2p populations, while

the former would mainly alter the 2p4 and 3s, populations.

2

fTwo épirél tubes of 7 turns each were ins;ailed around the
cataphoresis tube. The inner bore diameter was 0.8 cm, and the
overall length wésvabout 30 cm. A refléctive shield was placed
ontside the lamps, with aluminum foil on the inner surface. The

20

tubes were filled with Ne” " at about 0.7 Torr. The maximum

current is about 70 mA.

-
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3. Results and Discussion

v

3.1 Opto-Galvanic Effect.

It is seen from Fig. 4 that not only does the opto-galvanic
‘effect‘for 6328A° laser radiatién decrease for high currents in
the cataphoresis tube, but also decreases as the He-Ne ratio is
increased. But cataphoretic separation is generally favored by
large currents and a high proportion of the buffer gas. This
observation appears to be related to the relatively low popula-

tion of the high-lying 3s. and 2p4 levels compared with those of

2
metastable 1s levels. It is also seen in Fig. 4 that the 6328A°
laser power varies with the dc discharge current in the
cataphoresis tube. This power change is due to the'additional
gain provided by tﬁe cataphoresis tube. The laser tube current
is held constant, but the added gain by.the cataphoresis tube
depends on its cﬁrrent.

From the data of Fig. 5 it is seen that the opto-galvanic
current changes, Ai( are proportional to laser power and if the
Ai values of Fig. 4 are recalculated for a constant magnitude of
laser power, fhese values would show an even greater reduction as
the dc discharge current in the cataphoresis tube is increased.
The linear relationship of‘FiQ. 5, however, shows that it would
be better to have a higher laser powef since the transition isA
apparently not saturated. On the other hand, if the power is
1ncreased too much some dlfflculty will be experlenced in being
able to selectlvely exc1te the one 1sotope (section 2.3). That
is, as the laser power supplied mainly by the‘He:Nezo laser tube

20

is increased so as to saturate the Ne in the cataphoresis tube,
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the Nezo population in the 352 level is decreased, and there will

be unwanted interaction with the Ne22 atoms. Thus with the small
isotope shift encountered here optimum power level for selective
excitation is fairly important,A

For an inverted population, with the population of the upper
'352 levei greater than that of the lower 2p4_level, the laser
radiation induces a negative value of Ai, a decrease in discharge
current. The effect is reduced for larger values ofithe dc
‘discharge current} The result is‘explainable in terms of a
decreased ionization fate for neon when the popqlation of the
upper level is reduced by the radiation; but the reduction in the
effect as the discharge current is increased indicates that the
mechanism is more complicated, and that the 1ls and 2p populations

(9)

are also significantly involved our data is consistant with
the suggestion by Garscadden et al. that at low currents the

contribution to A1 due to the 3s. level dominates, whereas at

2
highe; current the contributions from the 2p and 1ls levels, which
are of opposite sign, are increaéingly importént(lO). Howeve;,lthere
is still the pqssibility‘that the opto-galvanic effect is partly
attribqtable to the helium buffer gas(G) at-least over some of the
current range.

A'full explanation of tﬁe opto-galvanic effect in a He-Ne
over a wide current remains an intergstiné problem which it is
hoped can be pursued further. However, the small magnitude of
the éffect is discéuraging in regard to laser-induced cataphore-
tic isotope separation. For the high currents and high He-Ne
ratios generally desirable for cataphoretic separation(l), the

effect of the laser radiation on the ionization probability is

apparently very small.
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In én effort to improve the prospects for inducing cataéhore—
tic isotope separation experiments were undertaken with the two
'radiation sources, a helical monoisotopic radiation lamp as well
as the laser. Mixtures of helium and neon as well as neon alone
.were used in the cataphoresis tube, with pressures ranging from
0.2 Torr to 3 Torr. In all cases the opto-galvanic current change
when the laser radiation was chopped was disappbintingly small,
and in many cases narrow band amplifier had to be employed in
rorder to get the fluctuating current signal above background
-noisé. The laéer-induced opto-galvanic current charges wereA'
generally in the range 0.1% or less.

It is therefore coﬁcluded that the effect of the_6328A°
laser radiation on the ionization rate is too small to induce
measurabise cataphoreﬁic separation, evep.with the high sen-
sitivity for detecting such separation which the system

2

apparently much too small in comparison with that of the 1ls

possesses. The relative population of the 3s_ and 2p4 levels.is
levels.

The opto-galvanic fractional current changes ih the
cataphoresis tube produced by the Ne20 helical radiation lamp
was much greater than for the laser radiation, being as high as
20—30%. Fig; 6 shows a typical i-v curve for the cataphoresis.
tube, with the opto-galvanic current change Ai induced by the
helical radiation lamp recorded for a 61.k9 load. In this case
the Qas mixture was 2 Torr of Ne20 and Ne22 in equél proportions.

Although the opto-galvanic effect is appreciably larger than for

the laser radiation the fractional current changes still decrease
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rapidly for the high currents which are desirable for
cataphoresis. Still, it is disappointing that no cataphoretic
isotopic separation has been observable when'pumping with the
Ne20 helical radiation lamp even with the high detection sen-

sitivity of the system.

3.2 Selective Excitation

Because cataphoretic separation has not been observable one
area of concern has been whether the excitation by the
‘He—Nezo laser and the Ne20 helical radiation lamp has been suf-
ficiently selective, particularly as the isotope shift is of fhe
same order as the doppler bandwidth for most of the lines. Of
equal concern 1is whethef the col}ision rate is High.enough to
cause significant excitation exehange between the isotopes, thus
counteracting the seléctive excitation. Experiments have been
performed to examine these questions, mainly by chserving the
fluorescence frém 2p levels involving the 6096A°, 6074A° and
5882A° lines. It appears that selective excitation is achieved
by,bo£h the laser (with moving mirror) and by the Ne20 helical
radiation lamp. Also, significant excitation exchange between
‘the Ne20 and Ne22 isotope is not occurring up to a partial

pressure of 2 Torr of Ne, at least for the 2p levels.

3.2.1 . Laser Pumping

(-]

One of the experiments involved observing the change in 6096A

fluorescence induced by the He3-Ne20

tic fube contained He3—Ne20—Ne22 at 2 Torr in'a 10-1-1 mixtures.

laser when the cataphore-

Fig. 7 shows photographs of the double—peakedﬂfluoreséence
lineshapes from the scanning Fabry-Perot spectrometers.

Nezo corresponds to the peak on the right sidc.
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Ih fig. 7(a) there are scans for the laser off (lower cufve)
and for the laser on (upper curve), but when the laser mirror is
stationary. The effect of laser pumping on thé 2p4 level is
appéréht, showing an increase in the 6096A° radiation and in the
2p4 populaﬁioﬁ.A But the effect is not confined to the Ne20 peak,
and is quite appreciable on the Ne'22 peak as well, showihg either
that the laéef radiation iéiinteracting'significantly with the

22

Ne atoms or that there is appreciable excitation exchange bet-

ween the Né20

and Ne22 atoms. But by using the moving mirror

technique to shift the laser radiatiop to lower frequencies, and

away from the Ne22 line it is possible to reéolve the,question.‘
In Fig. 7(b) the effect of the moQing mifror is observed.

The reduction in the laser interation(ﬁith the Ne22

atoms.while
the laser is moving is-evidenced in the lower trace fér the léft-
hand peak. Taking Figs. 7(a) and 7(5).togeth¢r, it can be seen
that the population of the 2p4 level'of.ﬁhe Ne20 atoms is being
selectively increased by the léser, and that this selective pump-
ing.is not undone by‘collisional excitation gxcﬁange between the
isotopes. | |
Hence it can be cohcluded that thé moving-mirror laser provi-
des a means of obtaining selective isotépe excitation, -and that
the selective population change is not d%stroyed by collisional
exéitation exchange. Observation on seléctive pumping by the
laser have been confined to the lower 2p4 laser level, and
attempt to do equivalent observations on the upper 352 laser
level -have not-been successful. The difficulty is that there is

interference from the laser radiation and it has not been

possible to complete- ly overcome the difficulty. However, since
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7(a): Shows the increase in popula- 7(b): Shows the increase in selective
tion of the 2 4 level with pumping of the Ne20 2py level

stimulated emission from the by moving the laser mirror.
6328A° laser (3s, - 2py) .

The laser mirror is stationary.

Fig. 8. Demonstrates selective excitation of the
Ne20 2pg level by the helical radiation
lamp (upper trace). The middle trace
shows the normal fluorescent levels.
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the isotope shift for both of the laser levels is very small com-
" pared with kT it is not likely that excitation exchange occurs
between the isotopes at the 3sz.level when it does not occur at

the 2p4 level.

3.2.2  Ne2? Helical Radiation Lamp Pumping

Selective pumping to the 2p levels by the Ne20 helicalA
‘radiation‘lamp has been demonstrated by obeerving the
‘fleorescehce from the 2p levels."SelectiVe pumping of. the
'Nezo atems from~the 1s levels to-the'2p2, 2p3 and the 2p4 levels
have been observea using narrow band spike filters in comﬁination
with the scanﬁing Fabry-Perot spectrometer to display the 5882A° -
line, the'6074A9 line and the 6096A° line. A photograph of the

6096A° line is shown 'in Fig. 8 for 0.4 Torr of Nezo, Ne2?

in.
equal preportion.< The lowest traeevmerely showe the extraneous
coupling from tﬁe helical pdhp lamp to the spectrometef when fhe
cataphoresis discharge tube is off. The middle trace shows the.
doublé-peeked fluorescence from the cataphoresis tube when the
pump tube is off. The‘upéer peak shows the large increase in the
Ne2o peak due to pumping from the ls4 level. It appears that the
population of the 2p4 level can be increased by about a factor of
- four. - Again it is apparent that excitation exchange due to
collisions between the Ne‘aﬁoﬁs is not significant.

A population increase in the 352 level due to pumping by the
Nezo'helical radiation lamp has also been observed using the

6118A° line. But the pumping was comparatively small, appre-

ciably less than the effect produced by the laser radiation.
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4. Conclusions

Because the opto—galvanic current changes in the cataphoresis
tube observed for the 6328A° laser radiation is very small under
all conditions it>is concluded that the possiblilty of 6328A°
laser-induced cataphoretic separation is extremély small. Tﬁis
,conciusion is reinforced by the observaton that the opto-galwvanic
effect decreases as the current in the caﬁaphoresis tube
increases. Whereas high discharge currents are required fbr
(1)

'cataphoretic separation

Pumping from the 1ls levels by means of the helical
Ne20 radiation lamp has not sufficiently increased the efficiency
of the laser radiation in inducing cataphoretic separation to
alter the conélusion‘of the proceeding paragraph. The 3s2_and
2p4 laser level popuiations remaip too low compared with those of
the 1s levels.

The obto-galvanic effect produced by the helical
Ne20 ;adiation lamp is considerably greater than for the 6328A°
laser radiation. Since the 1ls populations are so large and play
such a dominant role in the two-step ionization process in neon
it appears that to be successful any scheme for radiafion—induced
cataphoretic separation in neon.must involve pumping from thesé
levelé.

Selective pumping of the one isotope by both the
He—-Ne20 laser and by the Ne20 helical radiation lamp has been
demohstrated, even'though the isotope shift is small and is com-
parable with the half-power half-width of the Doppler-broadened
lines.

Excitation exchange hetween the N820 and Ne22 atoms does not

appear to be a significant factor up to partial pressures of Ne of
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(4) the difficulty

about 2 Torr. As discussed by Chanin and Oskam
in obtaining cataphoretic separation in neon appears to 'stem from
the competing effect of reducing the 1s populations for one ‘iso-
tope while simultaneously increésing‘the populations of higher
levels for the same isotope. The result is that as the current
increases the net influence by the radiation on thé ionization
rate is diminished. This conclusion is supported by the obser-
vation that the opto-galvanic efféct‘decreases for higher
currents.

Although there appears to be no basis for continued attempts
to induce cataphoretic‘separatidn in neon using the He-Ne 6328A°
laser; there may be value in studies designed to help understand
the basic mechanism for'the opto-galvanic effect in a He—ﬁe
discharge produced by 6328A° radiation.. Such studies may help
explain why the‘obto—galvanic effect is Current'dependent, tc
what extent the ls populations are involved, and whether the
helium ionization plays a éignificant role(6).

Because of the high sensitivity of thé present scannihg
Fabry-Perot system for detecting sméll changes in the isotope
ratio in neon, it may be of value to undertake some additional
studies uéing the helical Nezo radiation lamp befdre the system

20 helical'lamp can

is dismantled. If increased pumping by the Ne
be obtained by improved design there is the possibility of
observing cataphoretic separation. Consideration will be given
to continuing suchAexperiments, at low priorify.

The most worthwhile experiments at this stage would involve a

(12,13)

tunable dye laser , but would not require the dye laser to have



- 26
thé’extremely narrow linewidth and high stability required for
selective excitation of one isotope. First, as discussed by

(4), the He-Ne cataphoresis tube should be

Chanin and Oskam
opérated under conditions where cataphoretic separation of the
helium and neon occurs, aﬁd a neon gradient is observable. This
will.probably require'a high He-Ne ratio, and a high discharge
current. fhe dischérge tubé would contain helium and a single
neon isotope, probably Nezo. Then'a-tunabie dye laser with rela-
tively broad linewidth can.be used to pump from the 1s levels'on
selected lines. Only if a fairiy large optb—galvanic effect is
observed for thé dye laser radiation would there be justification
for considering experiments involving pumping of one isotope
selectively. The first choices for the transitions to be.

explored with dye laser pumping are 6267A°4(ls 2p5) and 6334A°

3

(1s5 - 2p8). Nerrow band spike filters are on hand for these
lines, and they are of relatively long wavelength so that reaso-
nable high power should be available from the dye laser. The

ls, and ls, are true metastables, but both are thermally coupled-

3 5
to the 154 to some extent(ll)

tively pumping for the.Ne2o'isotope from either of the 1s
20

. The hope would be that by selec-

3 or

l1s,. metastable levels one can decrease the Ne population in al

5

three ls3, ls4 and 155

Ne20 populations for the 152 and 2p levels. It is noted that

levels more than the resulting increase in

for the low Ne partial pressures which will probably be used in
the cataphoresis cell it is likely that the ébSOrption coefficient
is sufficiently low that the dye laser beam can be directed down

the bore of the cataphoresis tube. Observations made recently on
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thé effects of radiation trapping on line shape tend to support
this belief. Considération is being given to the possibility of
undertaking these experiments within the limitétions of equipment.

and resources available at present.

©
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