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INTROSUCTION

The object of this investigatlion was to study the mechanism for
the spread of the discharge along the length of the wire of a Jeiger-
ilueller counter, In rproportional counting the yulses are localized
and have amplitudes proportional to the primsry ionization, The
source of current anplification is ionizstion by slectron Lmpact,

ieading te the formation of a Townsend A?ﬁlaﬂche.l The Geiger-iueller

recion is characterized by the spread of the discharge along the

length of the tube by a process previcusly shown to be phoioelectric

2,3

in nsture, The spreading of the discharge is supposed to depend on

2. ©C, 3, and U, D, sontgomery - J, Frank, Inet, 231, p. A7 and
satig Greiver, 2, F,, ihys, 81, oks (1925),

the exeitation of certsin spectral lines of the gas st a given field

X

strength, corresponding to the threshold voltege,? Neilger-iuellier

L. 5, Brown, Pnys, Hdev, 62 - 241 (1922,
counting is also characterized by the self-cuenching process resuliing
2,6

from the reduction of the field at the asnotie by the ion sheath, A A

5. C. G, and D, D, Kontgomery, rhys, fev,, 57 - 1030 (1929).
6, Stever, H, G,, Fhys, fev, 61 =38 (1912),

sufficiently high voltages a contirumous corcna discharge develorps,
which sets the 1limit to Geiger counting action,

Several experinents hsve been conducted to determine the
mechaniam for the spread of the discharge, O&reiner's experimsnts) on
slow counters came closest to the intent of this investigation, iHe
used two esunters facing esch other, in a common envelope, The anodes
were separated at a fixed distaence of about 1 em, Heasurements were

made of the number of counits that originated in one counter and spread



across ti the other, at differeat preasures, By means of these
aeasuresents he was able %o deduce absorption coefflieisnts for
Gifferent gases, Thsl the discharge depended on photeon absorption
was proven with the zid of uliraviolet zbsorbing films of celluloid,
The mnost plausihle sxplanation for the spresd of the discharge through
the fila was phote-emission in the second counter produced by ultra-
violet radiastion penetrating the celluloid, Ir amother experiment,
insulating beads of different thicknesses and dimneters spaced on the

anode, localised the discharge between the hoaés.? In an experiment

enlng and W, R, Kenne, K Phys, Rev, 62 - 301 (1942

————————

gonducted by Rsmsey,g two adjacent slow ecounters were triggered

eoincldentally when the discharge was inltisted in one of the counters,
but discharged randomly when a self-gquenching gas mixture was used,

Similar resulis wsre obtalned by Currarn and jtrothers.? The B o ool T

9. G, C, urran and 4, E, Strothers, {aab, Fhil, See, Froc,
32 = 620 (1933),

ments in both experiments were such as to aninimize the possibility that
the discharge was belng initlated by any mechanism ~ther than photons,
inother set of interesting experiments was perforwed by Stevuré follow—
ing earlier work by &, ¥rode, GHitever used countersz with divided
cylinders and beads on the wire, In one most suggsstive experiment,

& glass bead on & wire served to stop the dischsrge srresd st low values
of E/p, ™it did not hinder the discharge at large wvelues of i/p. This

was intsrpreted to mean that the radius corrssponding Lo the eritleul

!

L5
i

§

value of was rushed out till the beud was well enclosed within 1%,

and the discharge could then spread, The possibility of losalisstien



of the discharge at the surface of the wire wes ruled out by these
exreriments which indicated a mechanisa in the gas, starting at the

eritical value of I/p, In another paper, steveri used the divided

g, d, G, Stever, fnys, Lev, 29 = (6, (1941},

counter as a counter telescope where sepsrate ionigzing events were

necessary in euxch sezment to cause the segment to count, ©Other

localization effects have been studied through the use of divided

cathode eylincers with different voltages on each eegment.ll The

effectiveness of insulating beads in stopping the discharge from spread-
ing was attributed by Hilkening and Kanne7 to 3 comblnstion of reduction
of field intensity by asccumulation of charge on the insulators, and to
photon absorption by the vapor, Their resulis were interpreted to

mean that the photon absorption in the zas wss complete within a few

electron mean free paths,

THEORY OF THE UXPERITMENTS FOR DATWRITEING

ABSORITION CORFFICIRNT AND NUubak OF FHOTORS

The following work was undertsken to deteraine the nature of the
process responsible for the spreading of the discharge, In order to
measure the absorption coefficlent of the spreading radiation, &
double counter arrangesent was used, Une of the countera could be
moved along its axis with respect ito the other, in the sawe glaas encloe
sure {See Fig, 1), The electronic circuits were so designed that a
count could be kept of zll discharges which spread {rom one counter to
the other, OSince the charge per unit length of a counter is a constant,

those discharges which spread across the intervening gap, appeared as
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pulses twice the sigze of those which developed in one of the counters,
Assuming an absorption to taike piace, the probadbility of discharge
spread aust be s function of the total amourt ol intervening gas, or
what amounts to the same thing, the probability of spread must depend
on the constitution of the gas mixture, the distance between the
counters, and the pressure, The ratic of the number of large (double-
sized) pulses to the total number of pulses determines, w, the prob-
ability for spread of the discharge, In subseguent paragraphs it will
be shown how this measurenent can be used to derive both the absorption
coefficient, g, and the total numbsr of photo~ionizatisns per unit
length of the wire responsible for the spread of the disecharge,
Enowing the number of ions psr unit length per dlecharge, the number of
photo-lonilzations produced per ion in the discharge, may be computed,
The sbsorption coefficient may be deterained directly from
measurements of w, If e ¥ 1s the probablility that a quantum appearing
at the end of one counter wire will traverse a distance, X, then,
1 - e 1s the probability that a gquantum will not traverse that
distance, The probabllity that all of i guanta will be absorbed is
(1 - efﬁxﬁﬁ. It follows, therefore, that
(1 wzl-(1- e XN
is the probablility that one or more will not be absorbed, or,

@ FX
(2} wzl-ele

is the probability for a discharge to ocecur et large distances of X,

Taking the logarithm twice, the result is

o

{3) log =log (L -w | zlog ¥ - pux,

This is the equation of a straight line whose slope is given by -4,



and the y intercept by log &, 7o determine g, the logaritham of
{1 - w) was plotted on a logarithmic scsle as a funetion of x, and
tite slone deterained from the experimentzl curves,

The value of H used in the calculrtiong represented the total
mamber of photons capable of photo-ionipstion, occurring at the end of
the wire, and included the guantum efficiency, absorption, and

related faetors,
DESCRIPTION OF B 40Ipdrxt

The movalle split counter was constructed of brass cylinders
(Fig, 1) 5 em. long and 2,07 em, diameter, mounted in a pyrex glass
envelope, The anodes were tungsten wires 0,031 inch in dismeter, one
of which was sealed directly to the pyrex envelope, and the other
attached to a sylphon bellows and micrometer screw arrangement moving
in a vacuum-tigzht brass housing to minimize side aotion of the wire,
The bottom cathode was movsble through the sane bellowa, The brase
housing was sealed to the pyrex envelope with de Ehotinsky Cement, It
was found necessary to provide another sylphon bellows system, coupled
to that on the movable counter, so that the pressure was maintained
constant, i.e,, when the bellows in the counter was compressed, the
compensating bellows expanded,

To correct for spurious effects ih the cetermination of charge
per gpulse, the ocourrence of point discharges, and errors in resetting
ithe micrometer, control measuresents of plaieau, charge ger pulse, and
rhoton production were made on a split counter tube of the same general

, ®xcept that a

i

dimensions as the movable counier tube combination
fixed distance bestween cathodes of 1,L em, was eaployed, and the inner

wire was contimuous through the tube,



Figure 2 is a Plock diasgram of the measuring circuits associated
with counting the pulses, for absorption determinations, The output
milse voltage across resistance 3 was fed through a condenser to a
cathode follower, 4 low value of grid lesk {10,000 Chme; was used in
conjunction with a >0uufd coupling condenser to differentiate the ;ulses,
thereby accentuating changes in pulse shspe, The marpose of the ¢athode
follower was to isolate the counter tube from externasl ecircuits by
virtue of the high input impedance typical of cathode followers, in
addition to providing 2 low-impedance output for the input eircuits of
the two video smplifiers, The one video anplifier was used to amplify
the signals which were fed to a self-triggered oscilloscope with sweep
tines of 5, 25, 100 and 500 microseconds, This served as a mohitoring
oscilloscope to indicate the shape and characteristics of the Teiger
counter pulses, The band pass of the video anplifier was roughly
10C e.p.s. to L megacycles per secend, The other anplifier output was
connacted to a conventional oscilloscope and to the inyut elrcuits of
two scaler units, The scalers were conventional, Lccles-Jordon type
scale of two multivibrators, giving 1 output pulse to every 16 input
ralses, HMechanical inpulse recorders were operated by a thyratron tube
used a8 output stage from each scaler, JUne of the scalers was supplied
with an additional amplifier tube with adjustable gain, so that all
pulses would register on its recorder, winlle the galn of the video
amplifier was adjusted so that only the large pulses, those which
propagated across the gap, could register on the other recorder, &
mechanical timing control was connected to the sealers, so that the
total number of large pulses, as well as the total number of all

palses, both large and small, could Le recorded in the same time interval,



For easch filling the data taken conslisted of . ithe total mumber
of counts per minute as a funcition of ecounter wvoliage for esach counter;
the average current flowing to the counter during the same time
interval; and for the doutle counter, the nuaber of doubleesized pulzes
appearing per 16,000 total pulses,

Heasurenents of the current flowing through the counter were made
in the ground return circuit of the counter anodes by meszns of a3 Jeneral
Hadio vacuum tube dec amplifier, dodel 71) . across whose input = 20ufd
condenser was nlaced to minimize fluctuations, During s given tinme
intervsl the mamber of pulses occurring were counted, thus giving the

neceasary date for caleculating the charge per mulse,
HEASURKMERTS OF ABSORITION COBFFICICRET

Figure 3 shows a typical curve of probability of propagation
through the gas path between the cathoces of the movable double counter,
filled with # mixture of 10 percent CH,BR, and 90 percent argon at a
total pressure of 10 cm, Hg., for different voltages between ancde and
cathode, Filgurs ! shows the values of log (1 - w} rlotted on semi-
logarthmic graph paper am a function of distance between the csthodes
of the movable counter system, From equation (3) it is easily seen that
the slope of these curves determines the absorption coefficient for the
spreading mechaniam,

Table I tabulates thrse sets of absorption ccefficlents computed
from the curves, The first set lists measurements of the slope, The
second set consists of sbsorption coefficients, correcied Lo one ca,
of pressure, assuming the absorption to be due only to the total waount

of argon present, The third set conslists of stsorpiion coefficients,



TABLE X

ABSORFTION COIFPICIENTS

Fressure (as Mixture Slope UMeasured ibsarption Coefficients
From Curves Corrected ‘ Corrected
for 1 o=, for 1 em,
argon vapor
By Hg H1a Fas Mp  Fon
5 cm, 10% CHBR, 7.0 ea™t 1.25 ea™t 14 cm™t
5 20 CHoBRy 5.2 1.73 9.2
10 L CHpBig 15,5 5.8 e~} 1,21 o6 erl 53,7 15 ea™d
10 20 CHgBRp 12,1 2.2 191 0.68 6,1 2.8
20 10 CHgBR, 23 1,28 11.5
10 5 CaH;0 3.85" |
10 10 CHg0H 2.8 X7} 5.8
10 20 CoHs0H 5.4 0,67 2,7
10 300 ClH 5.8 0.83 1.6
20 5 G50 3.5% |

ielghted Average of u; = 1.55

# Low percentage of alcohol does not make counter wiih (Gelger-idueller

characteristiocs,



corrected to one ca, of pressure, assuaing the absorption to be due
solely to the organic vapor,

The corrected values of #l end,ﬁz shown in Table I were obtalned
by dividing the values of Hqy and oy obtained from the curves by the
associated partial pressures of argon, The welghted values were obtained
by estimating the accuracy of each set of readings, assigning relative
weighting factors to esch, and aversaging the results,

It may be assumed that the various errors involved in counting,
filiing to the correct pressure, and measurement of slope, were suffici-
ent to azccount for the minor variations observed in both the absorption
coefficients listed in Table I, That the geometrical srrangement did
not introduce appreciable error in the measurements may be concluded
from the fact that the data in general showed the same slope in spite
of the different distances used, and that the slopes of the 5 cm,, 10 cm,,
and 20 cm, total pressure, absorption curves yielded the same values of
the absorption coefficient,

Heasurements made op methylene bromide were bassd on s counting
rate of sbout 20 per second, and & total count of about 16,000 counts,
in arder to minimize errors cdue to resolving time and limit the standard
deviatlon of counts per seconds te about one percent, Iileasurements made
on the alcohol counters were not as accurate and, in general, wers
concucted only as a control experiment to support the results obtained
with methylene bromide, The poor resulis obtalned with the {ive percent

7 who

aleohol mixtures azre in accord with results of ¥Wilkening and Ksnne'
found that counters made with less than five percent alcohol showed
almost no localization effects,

The absorption measurements were repeated with fillings of necnw

methylene bromide and helium-methylene bromide, The results with
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these mixtures verified the conclusions that the absorption coefficient
is a function of the gas alone, For a ten percent methylene bromide-
neon mixture at 10 em, pressure, the coefficient of absorption was
0,93 corresponding to ¢,1 per em, of neon, For helium, the coeffisient
was 3o small that accurate determination of the slope was not feasible,

Certain conclusions nmay be drswn from these data:

1, The sbsorption per unit pressure 1s constant, depending only
on the amount of argon pressent, This data is overwhelmingly in favor
of the assumption that absorption is due to the argon alone,

2, There are two different absorption constants indicating two
different types of photons, it various percentages of cﬁaaﬁzat 10 em,
total pressure both coefficients showed clearly, In alcoholeargon
amixtures only one coefficient was observed from which it is concluded
that the separation used during measurements was such thal one type of
photon had been alznost completely absorbed when the separation was
sufficient for readings to be tsken, The larger value of the absorption
coefficlent is probably characteristic of the higher energy photon since
it appeared more prominently ss the voltage was increased,

3. From the shapes of the curves and their intersections with the
log (1L ~ w) axlis, it appears that the number of effective photons ine
creased with woltage, is will be shown later, the funcilon of the vapor
seems to be to inhiblit the production of photons in the discnarge,

The diameter of the atom for the absorption nrocess, ¢, may be
defined by

i = 5P
where X is the number of atoms per c,c, Insertiny a value of ¢ = 1,35/en,

for one absorption coefficient, and £ = U.63/cm, for the other absorption



coefficlent, the resulting values for the atomic cross-section of

argon for the two types of photons are

diamecter ¢ = 3,23 x lﬁ‘g G,

1,050
and €, =016 x 1078 om,
0,565
DETLRMINATION OF THD RELATIVE WUMDLA OF #HOTONS IN DIFFLAENT 4T

Bquation (2) indicates that the experiment is well suited for the

deteralinstion of I

-

the number of photons causing a photeeleciric effect
in the gas, &iqguation {2}, rewritten as

(&) log (1 - w) = =iK

shows that for a fixed separation between counter cathodes, o™X 45 g
constant, A, and log (1 - w) is directly proportional to the number of
ef fective photoelectirons, Ifccordirgly, probsbility me:surements were
made on the double counter wiith fixed separation of 1,2 em, as the
voltage was increased throughout the platesu reglon, Typleal results
are shown gravhlically in Figure 5, 7The data in Table II clearly show
the effact of the vanor om the rumber of photons avallable to propagate
the discherge, The ionization dats were obiazined by messuring the
average current flowing through the eounter while the gountas were being
recorded, snd converting to lono per ¢m, per discharge by dividing the
charge per count obtained on one counter by 2.5 cm, (0.5 cm, allowance
being mude for end effects), In this experiment, the separation of the

counters was such that only the £ = 0,65 cm‘l

type of photon was iD=
volved, liore photons were produced in alcohol-argon mixtures than in
equivalent proportions of methylene-bromide-argon aixtures, If the

transition from the proportional region to the platesu region depends

on the number of photons available for propagating the dlacharge, then



TABLE 1I

RELATIVE NOUMEER OF PHOTONMS PER DISCHAROR IN DYFFERINT ¥ITTUAES
-~ MEASURED AT OVERVOLTAGE OF 100 VOLIS =
Fressure Fereent Vapor Relative xo. of Matj.u ﬂn. of
Gzﬂﬁw aﬂgmaj “2“5‘3" @K,Baa

5 em, 5. % 16,5 35
5 10 12,0 28
5 20 8.0 12
10 5 9.1 30
10 10 17.0 8.0 45 24
10 20 23.0 6.4 i3 19

10 30 36,0 110
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the resulis predicted that alcohol-argon counters should have lower
thresholds, in sgreement with observation, 7Thls was also borne out by
the greater slope of photon lncrease in alcoholeargon counters, Tnis
greater increase of slope presumably is related to the fact that
alecohol-argon counters have a amaller plateau before bLreaking into &
continvous discharge, It was observed that the incresse in rate of
ion formstlon with voltage wae almost a consiant, independent of the
type of vapor or percentage coamaposition,

ihe data for aleoholeargzon mixtures showed sn inerease in the
mumber of photons relative tc ions as the percentage of alcohol wvapor
was increased, . possible explanation might be that in alcohol, single
ionization and dissociation oecur, with the electron byeproduct of the
ionization contributing to the further production of photons, However,
the data for aleohol would not be consistent with the fact that the

discharge may be heavily quenched by the further addition of alecochol,
CONCIAUSION

To understand the role of the organic vaspor and its effect on ihe
spread of the discharge, let us first consider the action taking place
in the slow counter, i,e,, a counter {illed with monatomic gas, In the
course of the discharge, several types of pholons are created, The
first type consists of photons derived primerily from excited neutral
atoas, These photona lie in the visible and near ultraviolet region,
and help perpetuate the dlscharge by the ejection of photoelectrons at
tne esthode, These photons do not cause lonization within the gas
itself because of their low energy, The sscond type of photon is
derived from the excited singly or doubly ioniged gas atom, and may

either eject photoelectrons from the cathode cylinder, or what 13 more



iz

probable, because of the opacity of the gas in the wave length region
involved, cause photoelectric emission in the gas itself, The emitted
slectrons then serve to trigger the formation of new Townsend Avalanches,
n the basis of previous hypotheses, it was mssumed that the organie
vapor served to absorb radiation in the ultraviolet, thus minimizing
photoelectric action at the cathode and in the gaas, The experiments
conduucled above invalidete these assuaptions,

dany of the photons frum excited argon, originating in the
svalanches, lie in the range of 11,2 to 15.7 e,v,, corresponding to
1040 i to 19C g. The photoelectric threshold of the cathode in mosat
caset is about L e,v, Tohus, for localizmation of the discharge to the
region in the immediate vicinity of the wire, either these photons must
be atrongly sbsorbed in the gas mixture, as hypotheaized by ﬁ&mgey,a or
the number of photons produced should be lowered to the point where
rhotoelectrie action at the cathode has z sufficiently low probability,

The results presenied here show gquite definitely that the
mechanisus of the spreading discharge, previously shown to e photo=
eleciric in nature, is a funetion of the rare gas alone, The experiments
suggest that lonlzation is also produced after ihe initiasl svalanche,
by vhotons originating from At excited iona, lying in the range of
(13,3 = 15,7} e,v, = 27,6 e,v, The function of the vapor is to poison
the production of photons ln the discharge and does not contribute
appreciably to photon absorption, This behavior could be explained by
the elecirons in the avelanche losing their enerzy through excitabion
and decomposition of the organie vapor molecules, This interpretation

is in agreesent with the experiments of Epat112 in which it is shomn

12, W, L, ¥, Spats, Fhys, Rev, 61 - 236 (1945},
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that the orgaric vapor is rapidly decomposed in the course of a
discharge, That this process is so effective is due primarily to the
fact that the energy necessary for excitstion snd decomposition of the
vaper is considerably less than the energy required for the productiecn
of sultable photons to spread the discharge, Finally, the fact that
the sbsorpiion coefficients are dependent only on the absclute smount
of rare gas in the counter, definitely places the photoelectirie action

as a process oocecurring in the gas alone, and cannot be attributed to

the wvapor,
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FIGURE 3 - TYPICAL FROBABILITY CURVE
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FIGURE | - TYPICAL ABSORFTIGN CURVE
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FIGURE 5 « IORIZATION ABD FHOTOK INCREASE CURVES
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