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S | ABSTRACT
‘ A gas scintillation co-unter' is described which operates to 40 atm
o pressure. An attempt was made ‘to ‘_ma.ximize the scintillatioxi light output in
e nelium. Heliﬁm-séintﬂlation propertjes studied with this counter include the - o
!' effect of various wall-coating materials,. gas -purity effects, the line‘arity‘.of {’
" pulse hoi'ght with energy, 'and the :'vavi"ia.tion of pulse height with’proosnre. . 1\ )
o With purified helium nnd for a given amount of energy deposited in the gas,; :“
V the scintillation polse tle'ight v;aé "f.ound to incvroase. with pressure P o N ‘ v
o.pproximately aocording Lto the(func.tion. kP/(i 4KP), where k- nnd K 'a.re; I' .
proportwnahty constants. A sem1 qﬁant1tat1ve argument is presented : o ‘v\
. fexplammg this pulse-helght mcrease w1th pressulje m terms of electron-mn | .

s
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' _summarizes a large fraction of the work done on noble-gas scintillation,

_"The seal 1s bas1ca.11y a sha.ped Kel ’F.Ol r1ng bea.r1ng aga1nst spec1a11y' aha.ped

a surfaces.‘ All the contactmg surfa.ce

-scintillation and radiates it in a spectral region more nearly matching the
'_ spectral sehsitivity of the photocathode.)’ Usin'g the previous investigetions as .

~a guide, we performed several tes_ts in an effOr't'to increase the light

Yo UCRL-14709

I IN‘I‘RODUCTION
In conjunction with an expenment to measure muon- capture rates in

helium,1 we have studled some propertles of scintillations in hehum gas.

“This’ art:cle reports our observatxons, and attempts to expla.m an observed

increase in pulse height with gas pressure. A recent article by Murray

2

Because the mechanism of scintillation is complicated, most information

about gas scintillation is empirical., By coating the walls of the gas container

with a '""wave shifter" backed by a reflecting material, .previous investigators '
obtained the most light output for a given amount of deposited energy.- (A

wave shifter is a phosphor thit absorbs the ultraviolet light of the primary l

1],

i

collected by the phototube. The final configuration of our gas counter is

. "n.. ._,_"”—’! X
s1m11ar to that descnbed by Shamu 3o

i
'II. COUNTER fCON_FIGURATION

Figure 1 is a sketch of our apparatus. _ Helium gas at 11qu1d-mtrogen

“temperature (= 80°K) was held in' a cylmdnca,l stamless steel vessel with

Luc1te windows, Pressures ranged from 0 to 37 atm (absolute).

A leaktight seal of Lucite to' steinle'ss steel at liquid-nitrogen‘

" .temperatures and pressures up to 40 atm was d1ff1cu1t to obtain. The

successful des1gn, achxeved after many tests, 1s sh0wn roughly in F1g. 14

(v

y ere pamstakmgly pohshed smce the




- . through leaks was negligible,
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most minute scratch constituted a large leak A leakt1ght container was

necessary both to keep the expensive He3 gas (used in the muon- capture

experimenti) from escaping and to prevent impurities fronji »entering the gas

cell while it was under vacuum. 'The final leak rate through the window seal R » ‘»':

. was about 2 cc per month at 30 atm, and the loss through plumbmg Jomts was 5

perhaps a factor of 100 greater tha.n thls. Thus; the amount of gas lost.
N :

‘The gas was surrounded by a cup-shaped plastic scintillation counter,

Al

_ This counter had an inner diameter of 4 in. and an inner length of 5 in,

pulse-helght ana.lyzer (PHA) BeCause the phototube and a.ll the electromc

-aluminum (0.3-p. thick) which prevented the scintillation light from the gas

photomultiplier {(counter.4). An attempt was made to take additional -

- scintillation light out through the edge of the Lucite window; however, tests - o

. Fig. 2. The positive s1gna.1 from the last dynode of the phototube was used to

- gate the negative anode. signal, - . After a.mpl1f1ca.t1on the anode signal was

components were. lmear, the amphtud" of theApul ehmeasured in the PHA wa.s

" Counters B2, 3, and 5 (the cup counter) were used in 'the'muon-capture _ .

L experiment, and were not important for the scintillation tests, The ihner

* . '

= - wall of the cup counter was coated with a highly reflective, opaque layer of \i' o

3
E

from mixing with scintillation light from the-cup.

v

Light from the gas scintillator was channeled out of the front Lucite '

window through a hollow aluminized brass elbow into an RCA 7046 | _ ot .

showed that not enough light came out th1s way to make the effort worthwhile,

Pulses from the phototube were sent through the electromcs shown in ' -
Y . e . : P

delayed so that it fell w1th1n the 150-nsec pulse from the gate generator - ,

" F1nally, the a.mphtude of the mtegrated anode pulse was measured on a

: | R
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proportional to the scintillation light occurriug-within the 150-nsec gate. The -

‘ | sc1nt1llat1on light in turn should be proportmnal to the energy left in the gas, "

An A.mz‘;’1 a source depos1ted on the end of a curved steel wire could
(“ . be'inserted into the helium gas througha gas-;lock system, The source could
e ,- ~_ be moved around to different parts of the.gas cell in order to check the

uniformity of response inside the gas':volume.l It was also used for frequent

energy cal1brat1ons of the gas scmtﬂlator Other calibrations were obtained

3 3 3+v (t:r1ton_ A -

A ]

_from the reactions n+He -p +H3 (Q 0 77 MeV) and n +He -H
) "'.reco1l energy = 1.896 MeV_) L 5' o

I1I. WALL COATINGS :
v H .

F
o

aluminum, (b) p-p' diphenylstsilbene (DPS) on aluminum, and (c) DPS on MgO

Three different wall coatings were tried: (a) sodium salicylate on

backed by aluminum, The front Lucite window had a transparent coating of

“»

about 30 p,g/cm2 of DPS in all the tests as well as in the final experimental
. arrangement, The DPS and .alu:minum coatings were iu all cases‘obtained by
vacuum evaporation. The | MgO was emokecl.on_to the cup counter by burnin.‘g‘.ﬁl
a magnesium ribbon inlair.y | i
The sodium. salicylate, clissolved 1n a zriethyl alcohol s_olution, was
sprayed ohto the aluminum surface to an‘average/thickness of ~1 mg/cmz.

'Under optimum cond1t1ons this coatmg gave a resolutmn (FWHM) of 27% of |

w7 the pulse he1ght for the 5.4-MeV Am241 a source. ‘This variation in pulse (S

‘ /

- height was due to the random nature of photon collect1on and indicated th/t the "

‘i..._photomu1t1p11er collected "'60 photoelectrons for each o, part1cle puls There . .

}\\

s v 2 was also a 30% var1at10n m pulse he1ght as the a source moved over the ’

-/v- v\‘.

" ‘volume, of the helmm gas., In the/actual ;experlment, llght came from muon- S

i
\ ’ 7

U capture events all over the\gas/volume, , nd therefore th1s var1a fxon a]dds to
-+, the resolunon commg from photoelectron stat1st1cs. .
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. reflection of light from the DPS and aluminum surface. Thi

e L UCRL7/4_,1.70‘9AA

"

In ‘the test with: about 100 p.g/cm of DPS coated d1rectly on the a.lummum

surface, the pulse-he1ght var1at1on over the gas volume was extrémely bad and
‘ 4

in fact varied as the solid at_xgle of the phototube, showing that only light

/

' - ! . . o Wy .
heading toward the phototube reached it,- That is, there wasZ'ery little
' ~ . ¥

,{

the view that a large fraction 'of the light generated in the PS undergoes total

internal reflection. In an attempt to get the internally reﬂected l1ght out,

. several samples were made with the Al and DPS coatmgs on a rough

h ]

(sandblasted) surface., This increased the light output -substantially; however
there was still much less light from this combination than with the DPS

depos1ted on a white surface, such as paper.

The final conf1gurat1on tested consisted of a ~50 pg/cm thick layer og

DPS backed by "‘lmg/cm thick.layer of MgO deposited over the aluminum

coat that covered the cup counter, Magnesium oxide is a white, diffusely
reflecting substance andhas a high reﬂectivity for both visible_and
ultraviolet light. Because of its granular surface, it does not allow much
light to be internally reflected in the DPS coating. With the MgO and DPS

combination, the a source had a 16% re'solution under the best conditions

~ and the pulse height varied only 5% over the volume of the gas. Thus this

"combination is about three t1rnes more eff1c1ent than the sod1um sal1cylate

wave shifter. Since it'did not appear that We could do much better than this,

',the MgO and DPS combination‘.v.wasl chosen for the muon-captur‘e e}xperiment.v

e T

IV. GAS -PURITY EFFECTS

Many researchers have found that the purer the gas, - the more

' scmtﬂlatlon light output 5 Our results agam conﬁrm th1s fact At room - .

[

- temperature we found that the pulse he1ght decreases to about ha.lf in 2 hours.

o/
is in accord withl
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This. presumably is due to COntamirratiOn of 'the gas b? the .wave-shifter
coatmg When the gas contamer was c001ed to dry-1ce temperature (195°K) -

.v this effect disappeared and the pulse he1ght remained stable in time; in fact,
. ‘_ a dontaminated gas recovered its or1g1na1 propert1es. Add1t1ona1 coolmg (to
(*-ﬁ‘_"‘r‘ 11qu1d-mtrogen temperatures) did not further increase the pulse height.

| By passmgvreactor -grade helium through powdered charcoal rnamtained
' {- at liquid -nitrogen temperature, jwe doubled the scivntillation pulse height'. |
- .l Passing the heliumi through a liquid_-nitrogen trap improved the lightoutput
| only slightly., ‘thus showing that the absorbing prOpertie,s of charcoal :were
- essential in the purificatiou. Allvindications were that a further purificatioh

oflthe gas could lead to an additional increase in pulse height..

V. PRESSURE EFFECTS
. ¢ : . . .
Early in the scintillation tests we noticed that the pulse"height increased’

- with increasing pressure, Th1s effect occurred with both the DPS and
'sodium salicylate wave sh1fters.‘ F1gure 3 shows the pulse-he1ght variation

with pressure of the a source's 5.4-MeV peak, The range of the alpha was

entirely within the gas for all points above 2 atm. Gas impurities changed
" the shape of this curve by causing lower saturation levels.
Shamu reports a similar pulse —height increase with gas pressure,3 but

" gives no explanation for this increase.. Rubbia and Toller report there is no

6

- variation in pulse-height for heli'um preSSures. between 20 and 100 atm,
'_ Figure 3 seems to coufirm' this.- The small decrease in pulse height above

T f’ 30 atm is probably due to absorptnon of the scmt111at1on 11ght by the source
’f*"’:,_f"g; L holder, smce at these pressures the range of the a partxcle is of the same -

e A

order of magmtude as the sourCe d1mensmns._ If the data of Av1v1 and Cohen7

W _.\ ¥
o i 3,

for sc1nt111at1ons 1n Xe and Kr bel,

B}

1 atm (room temperature) is combmed

o . UCRL-11709 - . *



with that of Sayres and Wu8 above 20 atm, one can see that a shape like -

Fig. 3 is a general property of noble gas scintillation. The overall pressure

9

variation shown in Fig. 3 has not.been reported previously, _because for one

-'.reason'or another observers did not make measurements between 1 and
10 atm. It also appears that the pulse he1ght in the heavier noble gases .
increases more rap1d1y_ with pr_essu}r_e and therefore saturates at lower
pressures, | | | .

| ‘The increase in puISe height up to preSSures of 20 atm is associated

¢ . R

with the lifetime of 11ght emission from helium, If the helium scintillationv

pulses are observed on an oscﬂloscope, one notices a variation with pressure -

in the timing of the scintillation light. At low pressures (1 to 2 atm) some
pulses associated with the) a particle oecur as much as 20 psec after the - H‘.‘;\
initial pulse, As one increases- the.gas pressure these late pulses occur
sooner, and by the time the pressure has reached 20 atm one can no longer
observe any slow component of the light. i At all pressures it appears that if

one could integrate all the _output light over time, there would be no variation

with preSsure. iIn our electronics system the pulse-height analyzer

measures only helium scintillation light that occurs in the first 100 nsec after

' the start of scintillation. Thus the variation of the pulse height with
. pressure is due to a variation in the timing of the output light. Avivi and
Cohen also observe this pressure variation of the light-emission rate in Xe

and Kr and obtain light-emission lifetimes of ~1 psec at 1/2 atm,

Quahtatwely one would expect that the electron and 1on dens1t1es assoc1ated

with 1on1zat1on by an a pa.rtlcle would 1ncrea.se proportrona.lly w1th the
.’ pressure (the a range 1s mversely proportmnal to the pressure) This "

would make it easier at the h1gher pressures for the electrons and ions to-

1

" recombine and to produce the sc1nt111at1on 11ght. , Av1v1 and Cohen attrzbute o

6- - UCRL;11709 -
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: .explamed by the recombmatmn l1fet1me of electrons and ions. -

. of recombination is

helium at ~1/30 atm,

; occurrmg between t = O and t1

their long decay times to the production‘of metastable states that yield light'

. when collisions occur with other atorns. ) Howeve»r, the s‘emi-quantitative' -

.- calculatxon given below shows that these long decay times are adequately

.

'VI. ELECTRON-ION RECOMBINATION TIMES IN HELIUM
Iif n_- and n, are electron and ion densities respectively, then the rate
", 10 - SR ST ‘ ' X
y ‘. | .v . an an- ) v '., ’ . E . ] ‘ v
. , T = . : _g_n n -v’ ,' ‘ | ». . . (1) .

where { is the récombination constant and equals 1.7X 1078 cc/ion-sec in

f
11 i

The recombmatmn constant should be independent of

_pressure, but no measurements of L have been made in our pressure, range.

The first d1fferent1a1 equatmn gwes n = n+ n + c where c = 0. for an’

electncally neutral gas.. Subst1tut1ng nin Eq. (1) and solvmg the o .

differential equatmn, one obtams ; " S . i -
: : - s - e n R E )

where n, is the initial ion density, The density of recombinations occurring

between t=0 and t, is just the difference betwee’n'the'initia.lvion density,

1.
Y and the dens1ty a.t time t‘l’ i, e, ) .
‘_ 0 . . !
n, -n= 071y S - (3)
1+n1§, 1/ ) B

The 11ght output is proportmnal to the number of recombmatmns, N,

’

. .. UCRL;1709 .
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- one. can write

v
!

j where K = nogt /P is approxlmately mdependent of the pressure, P, Since:
) \

R

o V is roughly-.-mve_rsely,propdrtwnal to P and 'nO is propor 1ona.1 to P, the
- product nOV should be 1ndependent of the pressure. Thus the: 11ght output can
. . ool T ;i" ,,/_, o P
.. be written o : - S ':‘ s -/ x

where k is a proportioualit}; constant ind’ependent of the pressure. The
sol1d line in F1g 3 is a curve of this shape w1th K = 0.47/atm, and it fits the
data points below _20 atm reas‘onably well. The discrepancy with Eq. (5).of ‘
the data above 20 atm could be real, but more likeltr is due to a nonadiabatic
| change in the gas pressure 'uear 20 atm, Pu.mpin-g the gas into the target
.. required a rapid and uncontrolled irx.crease in the pressure fror-nv 20'atm to the
maximum pressure near 37 atrh.v l‘\ll points in this. region were obtained while
decreasing the gas pressure. The rap1d 1ncrea.se in pressure during pumping
could have caused a decrease m the pulse height and could explam the
‘deviation of the data po1nts from the sol1d curve. g s e ’
In any event, one can calculate a value for K from the expected
o,-1orr1zat1on densny to see if 1t checks w1th the value of K obtamed from
'curve f1ttmg If one uses the ratm of 30 eV per 1on pa1r produCed by the o,,

A

-one obtams for the expected n-romzatmn denmty




. triton recoil corresponds to an. average of 30 effectlve photoelectrons. If

_ detectmn of hehum s<:mt111at1on"11ght 1s;’st111 a very 1neff1c1ent process.

927 . UCRL-14709.

At a pressure of 7 atm the a range is. 1 cm, and V w111 be a cylinder of

'1-cm length and radius R The value of R is not easy to caiculate, but 1t is

H
probably. close to a mean free path in the gas, wh1ch is approx1mately 1000 A

‘at'7 atm pressure. Usmg thzs va.lue for R and the defz.mtmn of K, one obtains

n tt 6 Lt o
K = O . 1. = 5.4)(10 1 ) - 0.14 a.t.m-i, (7)

P 30 Rt emp

P

~which is in excellent agreement with the value of K obtained from —_—
' curve-fitting Eq. (5) to the data. Because the approximations are rough and

the value of L, the r_ecornbina.tion coefficient, was extrapolated from 1/ 30 atm

to z‘30 atm, one must consider the above calculation to be good only to a.

~

factor of =10, However, the excellent agreement between the two values of
: l

K supports a recomb1nat1on-t1me explanatmn for the pulse-he1ght var1at1on f '

a
- ¢ .

J

VII. SCINTILLATOR PERFORMANCE
Figure 4 shows the performance of the helium-gas scintillator in
measuring threed energies under experimental conditions. The light output was . '

found to be linear with energy loss .( see F1g 5) and to vary only 5% over the

" volume of the counter. ‘The final ene'rgy reeolntion of 38% for the 1.9-MeV

one considers the 15% quantum efﬁcwncy of the phototube, one would expect

4

10 photons from 1 9-MeV depos1ted in the gas. Thus it appears that the B

v -
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F1g. 2. Block d1agram of the electromcs used to analyze the amphtude of

sc1nt111at10npulses. ot S o/ / o o '

Fig. 3. Variation of a 5. 4 MeV alpha scmtxllatmn pulse helght vs hehum-gas L o

3 4 -

pressure, Both He and He

follow the same curve, and 1ts sha.pe is

. 1ndependent of the wave sh1fter used The sohd curve ’1/s a least- squares

. f1t of the data. po1nts below 20 atm to a function of the form kP/( 1 +KP) & k
‘ - w1th K =0.17, and the dotted curve is the funct1on :l exp( -KP) w1th - |

"K=0., 19, where P is the gas pressure..

vﬁ.Fig. 4. Calibration energytpeaks showing the resolution of the helium Vo “

- " scintillator,™ The neutron peak was obtamed from the capture of thermal ,

i ‘;v_L‘ ) . 3 3 .‘« PR

neutrons in H'e (1. e.,. n+He -’H +p), 1n whmh O 77 MeV is released;

the triton peak is from the fmal data on muon capture in He3 (1.»e. ’

1.9-MeV tr1ton reco1ls), the alpha peak is from an’ Am241

3 . . . . »v;‘

(5.4 MeV).

alpha source

I

| Fig. 5. Energy Ca.hbratmn of the plﬂse—he1ght analYZer at two gas Pressures. o o
] 241 Te ol gt el

| : (A) neutron captures, (B) tr1ton reco:.ls, (C) Am’ alpha partlcles. :

Teg ey,

o

The pulse he1ght of the a. sc1nt111at1on at the h1gher gas pressure has ':
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implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








