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T h i s  r e p o r t  was  p r e p a r e d  a s  a n  a c c o u n t  o f  G o v e r n m e n t  
s p o n s o r e d  work .  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on  b e h a l f  o f  t h e  C o m m i s s i o n :  

A. Makes  a n y  w a r r a n t y  o r  , r e p r e s e n t a t i o n ,  e x p r e s s  
o r  i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  com- 
p l . e t e n e s s ,  o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  
c o n t a i n e d  i n  t h i s  r e p o r t ,  o r  t h a t  t h e  u s e  o f  
a n y  i n f o r m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r , p r o c e s s  
d i s c l o s e d  i n  t .hi$ r e p u ~  c may n o t  i n f r i n g e  p r i -  
v a t e l y  owned r i g h t s ;  o r  

E. Assumes  ally l i a b i l i t i e s  w i ~ l i  r a 3 p a c t  t n  t.he u s e  
o f ,  o r  f o r  d a m a g e s  r c z u l  t i n e  f r o m  t .he  u s e  o f  a n y  
i n f o r m a t i o n ,  a p p a r a  e u s ,  1 1 1 t  t h o d ,  o r  p r o c e s s  d i s -  
c l o s e d  i n  t h i s  rep or^. 

As u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  o n  b e h a l f  o f  t h e  
 omm mission" i n c l u d e s  a n y  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  
C o m m i s s i o n  t o  t h e  e x t e n t  t h a t  s u c h  erlrpl o y c e  o r  c o n  t r a c t o r  
p r e p a r e s ,  h a n d l e s  o r  d i s t r i b u t e s ,  o r  p r o v i d e s  a c c e s s  t o ,  a n y  
i n f o r m a t i o n  p u r s u a n t  t o  h i s  e m p l o y m e n t  o r  c o n t r a c t  w i t h  t h e  
Commi s s i 011. 
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WORK WITH A NOBLE GAS SCINTILLATION COUNTER 

Jackson R. Pickens 

Radiation Laboratory 
University of California 

Berkeley, California 

May 21, 1958 

ABSTRACT 

More than 1.450 runs have beell made and analyz.ed with a 

noble gas  scintillation counter and i t s  associated equipment. The 

counter itself consis ts  of a special  photomultiplier tube looking into a 

scintillation chamber,  and i s  used in conjunction with a vacuum and 

filling sys tem,  an. output-pulse amplification system, and a 12-channel . ,  

pulse-height analyzer.  

Because gas contamination presented a ma jo r  problem, a dynamic .. 

gas-purification sys tem was designed and effectively employed. Ade- 

quate mixing of the  binary mixtures  of argon and helium was ' a  second 

ma jo r  problem and was solved by a specially designed diaphragm pump 

and by close control of the flow of the constituknt gases.  

Although the resu l t s  obtained were  most  conclusive with pure  

argon and pure  helium, sufficient work was completed on intermediate  

mixtures  of these  two gases  to indicate that fur ther  investigation in this  
. . 

direction i s  appropriate.  It i s  planned that future investigations will be 

made  using xenon and krypton. 
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INTRODUCTION 

Gaseous scintillation counting essentially involves detecting the 

light emitted by gas molecules that have been excited o r  ionized by the 

passage  of a charged particle.' The  f i r s t  successful a t tempts  in  this  

direction employing the noble gases  were  made  by Car l  Muehlhause 
1 

in 1953, using pure  argon and pure  helium and detecting P u  alpha par t i -  

cles.  His work was closely followed in the s a m e  yea r  by ~ e g r k  and 
2 

Wiegand, who showed that the light output of an argon counter increased  

with the application of an e lec t r ic  field. In this  case ,  the gas  cel l  was 

actually operating as a proportional countcr except that light, r a the r  

than electrons,  was used to  m e a s u r e  the event. 

In the i r  f i r s t  sat isfactory gas  ce l l ,  Eggler  and ~ u d d l e s t o n ~  used 

argon at  a p r e s s u r e  of 5 a tmospheres  and were  able to  obtain a resolu-  

tion of 15% f o r  5.4-Mev ~u~~~ alpha part ic les .  A plast ic  wave shif ter  

was used to shift the ultraviolet light into the visible region, but i t s  use  

unfortunately introduced a contaminant. into the sys tem which gradually 

decreased  pulse heights with t ime. 'The counter reported by Robert  W. 

Dickieson has  eliminated the need f o r  a wave shif ter  by using a quartz  

window on t h e  scintillation chamber.  
4 

It i s  the purpose of the repor t  which follows to extend the  exper-  

imental range of the work s ta r ted  by T. M. Jenkins of the Radiation 

Laboratory and by Dickieson. Indeed, the major i ty  of the theory, 

planning, procurement  of equipment, and initial organization of th is  

experiment was done by them. F o r  a l l  these  very  necessa ry  effor ts ,  

the wr i t e r  i s  especially and s incerely grateful. 



Fur the r , '  the author wishes to express  his  appreciation to  Dr.  " 

Burton J. Moyer and Dr.  R0ger.W. Wallace for  the i r  encouragement 

and supervision. Par t icu lar ly ,  the author i s  grateful to  T. M. Jenkins, 

\ Technician, whose in teres t  and d i rec t  participation in most  phases of 

the experimental work. were  invaluable, 

This work was done in par t  under the auspices  of the U. S .  

Atomic Energy Commission. 



GENERAL 

~ a s i c a l ' l ~ ,  gaseous scintillation counting~involves establishing a 

system whereby the light output of gas molecules that have 'been excited 

,o r  ionized by charged part icles  may be detected, measured,  and analyzed. 

Most of the efforts in this field have dealt with the noble gases,  both p r i -  

mary .and in mixtures.  The major  differences in these efforts have con- 

s is ted of variations in methods of purific'ation of the basic gas o r  gases,  

the geometry of the counter proper ,  and the extent and general a r range-  
. . 

ment of the associated systems neceEoary f o i  Lhe control of the physical 

constituents and for  the measurement  and analysis of the experimental 

data. 

In this experiment, a dynamic gas-purification' system has been 

employed (it i s  covered in detail in a subsequent section). This system 

keeps gas of high purity continuousdy available. Additionally, the scin- 

tillation chamber has a quartz window, thus eliminating the nece.ssity 

for  a wave shifter and hence eliminating the possibility of contamination 

of the gas  from this source. 

The original design of the chamb'er itself was a s teel  circular  

cylinder 7 inches deep (source to quartz end window) and 4 inches in 

diameter.  The inner surface of this chamber was coated with aluminum 

oxide for  go'od light scattering. The original geometry and surface were  

modified, however, and the present configuration is a s  shown in Fig. 1. 

The modified chamber i s  constructed of cold rolled s teel  and the inner 

surface is aluminized for  good light refl.ection. 

The entire system i s  constructed to be vacuumtight and can with- 

stand up to 165 psi ,  although most of the data were  obtained in the range 

f rom vacuum conditions' up to 75 psi. A photograph of the general a r -  

rangement of the system i s  shown in Fig.' 2 and a close-up of the scin- 

tillation-chamber stack in Fig. 3.  Subsidiary sys tems nedessary fo r  

conduct of the experiment a r e  covered in detail in the following pages. 

The various conditions of temperature and p ressure -  -from 
0 0 

approximately t22 C to -168 C, and f rom vacuum to 150 psi--were 



LOW-EXPANSION . 

l l Q U l D  NITROGEN REGION ' 

Fig. 1. Schematic diagram o f  scintillation chamber. Chamber 
' 

i s  surrounded by a dewar o f  liquid nitrogen (not shown). Cool- 
ing for  the. photomultiplier tube is provided in the region of . 

magnetic shielding. 



Fig. 2. General arrangement of equipment. 

Twelve-channel pulse-height analyzer. 
Electronics stack (calibration pulser, linear amplifier, 

pulse shaper, coaxial switch, power supplies). 
Argon and helium supply bottles. 
Scintillation chamber stack (see Fig. 3). 
Vacuum system. 
Gas -purification tube. 
Gas - circulating pump. 



Fig. 3. Scintillation-chamber stack- 

a. Low-noise preamplifier. 
b. Scintillation-chamber pressure gage. 
c. Kovar seal with connections for thermocouple inside 

chamber. 
d. Photomultiplier tube base. 
e. Magnetic shielding for photomultiplier tube. 
f. Line leading to gas-circulating pump. 
g. Gas -filling line. 



investigated both in p r i m a r y  argon and helium and in mixtures  of these 

two gases .  Such wide variations of tempera ture ,  p r e s s u r e ,  and gas 

composition made an imposing task of gathering pertinent data, F o r  

this  reason,  some sections of the report  that follows contain data and 
\ 

resu l t s  covering this  ent i re  range.of conditions; in other  sections the 

t rea tment  i s  l imited to that par t  of the range which.prel iminary analysis  

shows to be of interest .  

ELECTRONICS 

The electronics sys tem employed was a s  shown in  the block 

d iagram of Fig. 4. Circuit  d iagrams of the low-noise preampl i f ie r ,  

the Model V l inear  amplif ier ,  the calibrating pulser ,  and the timing- 

pulse generator  a n d  p u l  .s e shaper  a r e  presented a s  Figs .  12 through 

15 in the  Appendix (pages 29 to 32 ). 

As shown .by Fig. 3, the signal f r o m  the photomultiplier tube i s  

s e n t t o  the low-noise preamplif ier  (Fig. 12) and then to  the Model V . I. 

l inear  amplif ier  (Fig. 13). It i s  then shaped by the  pulse shaper  and 

timing-pulse generator  (,Fig. 14) and sent to  the 12-channel pulse- 

height analyzer. .  

Photomultiplier-tube noise was a continuing problem, and 

necessi ta ted the making of continuous runs to  establ ish background co r -  

rections needed f o r  standardi.zation of the data-taking runs.  It was 

found that the noise level could be reduced to  a minimum by cooling the 

photomultiplier tube and tube base fo r  approximately 2 hours  before- 

hand with liquid nitrogen. However, this  was not considered necessa ry  

f o r  'most runs and was  not generally done. 

GAS-PURIFICATION SYSTEM 

. . 

In the i r  initial planning of this  project ,  Dickieson and Jenkins 

decided upon. a dynamic gas-purification system. This  was deemed 

necessar.y because of the  quenching of pulse heights due to  contaminants 



Fig. 4. Block diagram of electronic components associated with 
noble gas scintillator. Circuit diagrams of the individual 
components a r e  in the appendix. K1306 photomultiplier i s  
a special quartz-window tube which eliminated the use  of a 
wave shifter. 
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in  the basic  gas  system, and pe rmi t s  a final gas of high, purity to be 

continuously available. Although initial efforts in this direction were  

p r imar i ly  confined to purifying argon, this sys tem is a lso  suitable for  

purification, of helium. A flow diagram of the sys tem i s  shown in Fig. 5. 

The ma jo r  modifications made  to  the original setup were  to  change 

the purification tube f r o m  Vycor tubing to stainless.stee1, and to incor-  

pora te  a diaphragm pump fo r  g rea te r  flow rate .  The p r i m a r y  purpose 

of incorporating this  pump into the sys tem was to expedite the complete 

mixing of argon and helium, however, and toward this  end i t s  effect was 

extr elriely valuable. 

Calcium turnings,  97% pure ,  were  used a s  the basic purifying 

agent in the purification tube, and effectively removed nitrogen and 

oxygen f r o m  the "impure" argon and helium. In h is  work on argon with 

this  type of system, Dale S. Gibbs found that 99,93% of the nitrogen was 
5 removed, and oxygen completely removed. 

As shown in  Fig. 5, the gas being purified f i r s t  p a s s e s  through 

the water  t rap.  This t r a p  i s  cooled by d ry  ice  and effectively removes 

a l l  'water vapor f r o m  the gas. It i s  constructed of copper and i s  filled 

with g lass  wool to  preclude mois ture  car ry-over .  A F i s h e r - P o r t e r  

t r i - f la t  ,low-flow Flowrator  was used t o  control the flow r a t e  a t  approx- 
5 

imately 830 cc  /min,  and purification resu l t s  shown by Gibbs were  

obtained. 

The purification tube itself was surrounded by 1 / 16-inch sheet 

asbes tos  fo r  insulation, was heated by a nichrome wi re  heating element,  

and was maintained a t  approximately 650° C by a Gardsrnan Model J 

t empera tu re  controller in conjunction with an  iron-constantan thermo- 

couple. Under these  conditions of tempera ture  and flow ra te ,  each 

charge of calcium turnings can be used to  purify approximately 1300 

l i t e r s  of gas  before it becomes calcium oxide o r  calcium nitride. 

Frorri the purification tube, the gas goes to  the diaphragm pump 

and then to  the  scintillatiqn chamber.  As can be seen f r o m  Fig. 5, 

provision i s  made  f o r  recirculat ion of the gas  where such recirculat ion 



'UM 

TE M 

,Fig. 5. Flow diagram of the  gas-purification system. The 
~ a r d s k a n  controller maintaiined the p'urification tube at 

. - 
approximately 650° C. The cold t r ap  was for removal of 
the water vapor from the gas. 



and the higher-purity gas  it pe rmi t s  a r e  necessa ry  o r  desirable.  This 

ent i re  sys tem i.s connected to a s tandard vacuum sys tem consisting of 

a forepump, a diffusion pump, and associated equipment. 

EXPERIMENTAL PROCEDURES 

1n general,  the experimental procedures  employed were  basic 

and straightforward. That i s ,  known sources  were  placed in the scin- 

tillation chamber and runs were  made  under varying conditions of tem-  

p t r a t u r e ,  p r e s s u r e ,  arid argon-helium composition. As stated p r e -  

viously, the relatively wide range of these conditions inside the chamber 

made  the task of gathering and reducing of data  appear  quite formidable.  

However, a r e a s  'of p r i m a r y  interest  were  generally narrowed, and this 

in turn  served  to na r row the directions of effort. 

Because of the quenching effects of contaminants, the sys tem was 

pumped down to a vacuum and refilled with new gas whenever the setup 

was being changed f o r  investigating scintillations a t  a different p res su re .  

P'or investigations under varying tempera ture  conditions, data over  the 

ent i re  tempera ture  range of in te res t  would be taken 'and then the gas 

changed fo r  substantiating runs.  These  runs w e r e  made  with numerous. 

sources ,  including ~ m ~ ~ ~ ,  poZIO, ~ a ~ ~ ~ ,  N ~ ~ ~ ~ ,  and pu2390 T h e  - 
244 grea t  majori ty  was conducted with the Cm source ,  however, and the 

curves  showing the resu l t s  (Figs.  6 through 9) a r e  a l l  based on i t s  use. 

The ~m~~~ was electroplated on an aluminum disc  0 8  inch in d iameter  

and 5 m i l s  thick, and placed at  the bottom of the chamber a s  shown in 

Fig. 1,  approximately 1 i n c h f r o m  the quar tz  window of the chamber.  

The original data obtained fo r  argon-helium mixtures  were  in- 

conclusive, p r imar i ly  because of inconsistent degrees  of mixing of these  

two gases .  F o r  almost  a l l  mixtures  i t  was found that excessively long 

periods of tilile were  required fo r  complete mlxing to take place. F o r  

this reason,  a diaphragm pump was designed and built for  thls  system. 

Its u se  great ly  expedited the mixing of argon and helium and mater ia l ly  

reduced the t ime required for  scintillation conditions to  stabilize. 



PULSE HEIGHT (VOLTS) 
MU-15,277 

Fig. 6. Pulse hei ht spectra for increasing pressure in argon 
at 2Z0 C. ~ r n  544 source. 



PULSE HEIGHT (VOLTS) 
MU-15,275 

Fig. 7. Pulse height spectra for decreasing temperature in 
argon at 75 psi. ~ r n ~ ~ ~  source. . 



PULSE HEIGHT (VOLTS) 
MU-15,273 

Fig. 8. Comparison of ulse height spect ra  in argon at 75 psi.. g Both curves at -151 C.  



Fig. 9. Maximum ulse height vs. tempera ture .  P u r e  argon 
a t  75 psi. ~ r n  f44 source.  
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. . RESULTS 

General 

Analysis was made  of m o r e  than 1450 runs conducted within the 

following range of conditions in the scintillation chamber:  

tempera ture :  + Z Z O  c to - 168O C ;  

pressu re :  vacuum to 150 psi ;  

gas  composition: pure  argon, pu re  helium, and binary ~nixtui-es .  

The  expcrimentai curves obtained i n  this  work represen1 llris 

analysis  and, in g e ~ l e r a l ,  a r e  consistent will1 expected resu l t s  and with 

publishcd resu l t s .  This  i s  particli larly t r u e  of analyses  of runs made  

with pure  a rgon and pure  helium, resu l t s  of which a r e  shown in Figs .  6 

through 9. Considerably m o r e  work has  been done previously with the 

pure  gases ,  8 9  99  and although much t ime  was consumed in analyzing 

the i r  scintillation response charac ter i s t ics ,  the work reported h e r e  was 

largely f o r  development of the basic  sys tem,  and served  pr imar i ly  to  

aid in refinement of the system and to substantiate previously known 

data. It i s  considered, therefore,  that the a r e a  of leas t  conclusive evi- 

dence in this  repor t  and hence the most  logical subject of future investi- 

gations is analysis  of the charac ter i s t jcs  of argon-helium mixtures .  

RIITP. Gases 

The curves  in Figs.  6 and 7 a r e  representat ive of the work done 

on the pure  gases ,  and show resul t s  obtained f o r  pure  argon. F igure  6 

represents  the change in relative pulse height with change in p r e s s u r e  

a t  a constant tempera ture ,  and para l le l s  the resu l t s  and conclusions 

obtained by other  workers .  7 a  The curves  show essentially that once 

the distance f r o m  the source  to  the phototube exceeds the range of the 

alpha part ic le  in  that gas,  the inc rease  in pulse height with inc rease  in 

p r e s s u r e  i s  ve ry  gradual, but the resolution improves markedly. This 

effect- -once a p r e s s u r e  i s  reached assur ing  al l  the alpha part ic les ' .  

being stopped in  the gas- - i s  probably due to  the concentration of the 

alpha t r acks  in the  center  of the chamber a s  the p r e s s u r e  increases .  9 



Since the distance f r o m t h e  ~m~~~ s;urce to  the phototube in  the geom- 

e t ry  under investigation wa's approximately 1 inch, it can be seen f r o m  

T.able I that the distance f rom source  to  phototube exceeds the range of 

. the alpha par t ic les  in ar,gon for  a l l  the p r e s s u r e s  represented in Fig.  6. 

Table I 
-. 

. Ranges of 5.8-Mev alpha par t ic les  ( ~ m ' ~ ~ )  in a r g o n  and helium 

P r e s s u r e  Range in  argon Range in helium . 

-..-. .. .., - (in. ) (in. ,) 

-20 in.. Hg . 4.96 . .26.4 . 

-15 in. Hg 3.31 17.6 

- 10 in. Hg 2.48 13.2 

0 
. . 

1.65 8.83 

20 p s i  

25 ps i  

50 p s i  

75 p s i  0.2 8 .1.50 

100 p s i  0.24 1.26 

The curves in  Fig. 7 represent  the  change in relative pulse 
. height with .change in . tempera ture  a t  constant p r e s s u r e ,  and the resu l t s  

a r e  qui'ckly seen to  be totally different f r o m  those shown in. Fig.. 6. By 

comparison.of.  the two se t s  of ;curves, one. immediately concludes that 

improvement in resolution is closely related to  a n  inc rease  in .pressure .  

Tempera ture  change, on the other  hand, ,  appears  to  have l i t t le effect 

upon resolution. (In .comparing Figs.  6 and 7, one should note that the 

voltage .scale.s a re ' no t  the same;  ) 

It is .  of interest  to  note, in  analyzing the curves in Fig.. 7, that 
0 

careful plotting of 'data obtained as tempera ture  was  decreased  to  -151 C 

showed that they var ied  slightly. f r o m  data obtained.du'ring the r e tu rn  to 

room temperature.  This variation, .shown.in:Fig. 8, was .not grea t ,  but , 
significa,rit enough to note,. and occur red .eve ry  t i m e  the procedure was 



repeated. Since the direction of temperatur,e change (i. e. , increasing 

o r  decreasing)  should in itself be of no significance, it must  be assumed 

that this  slight but consistent variation resulted f r o m  differing thermal  

charac ter i s t ics  of the gas and of the phototube itself. A description of 

the technique involved may  make  this c learer .  

To obtain the data for .F ig ,  7, argon- at  75 ps iswas  introduced. 

into the counter chamber a t  room tempera tureb  . ~ i ~ u i d  nitrogen was 
. . 

then introduced j.nto the  volume surrounding the chamber ,(Fig.  11, and '  

. data were  tZk.en..as the tempera ture  in the chamber was. lowered to 
0 

approximat ely . -  160 C. The thermocouple used to  determine the tem-  

pera ture  inside the volume was on the cente'rline of the  v6lulne and 

approximately 1 inch f rom the ,  quartz  window (Fig. 1). It was nccessary  

to ca . r e fu l1~  control the  input of argon as Lhe tempera ture  decreased  in 

o rde r .  to maintain the p r e s s u r e  at .  75 ps i ,  and s imilar ly,  upon warming 
0 

of the  chamber a s  the tempera ture  returned to  t 1 8  C p  it was necessary  

to r e l ease  argon f r o m  the chamber to  maintain the p r e s s u r e  constant. 

The general effect then, a s  shown in.Fig.  7, i s  a shifting of the 

curve to the  right a s  tempe,rature decreases .  This  can be 'attributed to  

a co.mbination of two effects a s  the tempera ture  changes--a change in  

, 
the sdintillation charac ter i s t ics  of the argon, and a change in  the r e -  

sponse charac ter i s t ics  of the pho.totube. Th'e var iat ion in r e su l t s  -with 
0 . . ' .  . .  direction. of tempera ture  change i s  shown in Fig. 8 f o r  -131 C and indi- 

0 
cates  that the peak of the curve a s  the tempera ture  re turns  toward 418 C 

i s  displaced slightly to  the right: of the peak ~:ecorded .when thc tempera ture  

i s  decreasing. . The relations between the  pos i t ions  S ~ U W I I  10r - 15 lo C 
0 

corresponds almost  exactly to those fo r  a l l  t empera tures  between t.20 C 

and - 1 6u0 C o  This  variation is not completely understood, but i s  prob- 

-ably due to  a difference in r a t e  of chang,e of tempera ture  between the 

a rgon and the phototube. . That i s ,  since the thermocouple measuring the 

tempera ture  i s  in the gas -volume, i t  s eems  likely (from the relative 

positions of the two peaks in Fig. .8)  that:the r a t e  of change of tempera ture  

of the phototube i s  l e s s  than that of . the gas., and that in  the ease  presented,  
0 

the tempera ture  of the  phototube itself i s  somewhat lower than - 151 C. 



This variation may not be an important one in certain. applications, but 

should be. considered for, investigations involving temperature changes 

and the resultant change's in  gas and.phototube character is t ics .  

Figure 9 i s  a c,ompilation of the resul ts  obtained for  numerous 

runs s imi lar  to those of Fig. 7. Because liquefaction of argon at  75 ps i  
0 

occurs  at -.I67 C, and.a change in scintillation character is t ics  would 

likely accompany the change in physical state,  it cannot be assumed that 

the maximum pulse height continues upward and to the right with de- 

creasing temperature,  a s  the curve' in Fig. 9 might infer. I n ~ e ~ t i g a t i o n  

of scintilla.t.icrn character is t ics  of liquid argon was not the purpose of 

this work, therefore investigation was limited to tempera tures  higher 

than - 167O C. . Hdwever, this would'be an appropriate  extension of the 

studies reported herein, and it  is pLanned t o  investigate these'  charac- 

te r i s t ics  in the future, 

Argon- Helium Mixfur e s 

Although other workers  have conducted investigations of mixtures 

.of X e  in .Kr, Kr  in A, and Xe in He without highly .promising resul t s ,  
7 

i t  was decided to investigate the scintillation character is t ics  of argon- 

helium mixtures.  Control and qualitative problems immediately p re -  

sented themselves,  but only the problem of complete and consistent de- 

g rees  of mixing of the two gases turned out to be a difficult one. The 

importance of complete and adequate mixing of constituent gases for  

valid resul ts  cannot be overemphasized, and it  follows naturally that 

substantiation alld statistical strength of resul ts  a r e  direct  functions of 

consistent mixing. 

The problem of complete mixing was f i r s t  approached by allowing 

the constituent gases to stand in the scintillation chamber until such t ime 

a s  scintillation response stabilized. This proved to be an  impract ical  

length of t ime in almost al l  cases ,  however, and a diaphragm pump 

designed and built by Leo Leidy and T. M. Jenkins of the Radiation 

Laboratory was incorporated into the system (Fig. 4). The use  of this 

pump permitted the mixing t ime of the gases to be cut down considerably 

and facilitated the making of many runs in periods of t ime that had 



previously permit ted v e r y  few to  be conducted. In spite of this  improve-  

ment  in technique, the total number of valid mixture  runs is considered 

to be inadequate f o r  conclusive r e su l t s  because a great  many of the ear ly 

mixture  runs made  were  invalidated a s  experience and operating t ime  

indicated that they had been in the "shady a rea"  of incomplete mixing. 

Consequently, it should be pointed out that the mixture data originating 

in th is  report  suffer f rom this  numerical  inadequacy, and need statist ical  

strengthening before valid conclusions m a y  be drawn. 

F igure  10 i s  the basic representation of  characteristic^ of argon- 

helium mixtures ,  and m a y  be compared with the charac ter i s t ics  of other 
6 

binary mixtures  in  Fig. 11. The  direction of mixture  change indicated 

by the a r rows  on Fig. 10 i s  important in analyzing this curve,  and indi- 

ca te  two reglons that d r e  not understood. That I S ,  in Regions A and I3 of 

t l ~ e  curve in Fig. 10, the peak pulse-height values recorded in  this  in- 

yestigation consistently depended ent i rely upon which gas was introduced 

f i r s t .  As can be seen by the curve,  when helium is being added t o  pure  

a rgon (solid curve) ,  the pcak pulse height in Region A was consistently 

higher than the value recorded in this  region when the mixture  was ap- 

proached f r o m  pure  helium (dashed curve).  Conversely,  in Region B, 
the  value recorded  when the ~r i ix ture  was approached f r o m  pure  argon 

was consistently lower than that recorded when the mixture  was ap-  

proached f r o m  pure  helium. 

The procedure used in obtaining values for  the solid line of Fig. 

10 was to introduce into the evacuated cou~ltei- chamber the amount of 

a rgon required fo r  the des i red  rat io  in a 40-psl mixture.  Then hcliurn 

would be introduced to complete the mixture,  and the mixture  circulated 

by the diaphragm pump. With a sys tem volume of approximately 250 cc,  

a flow r a t e  of 900 cc /min  was used to  expedite mixing. The procedure 

employed to obtain the  dotted line was to  r e v e r s e  the p rocess  above and 

introduce the helium f i r s t ,  then proceed to  obtain a 40-psi mixture  in 

the  rat io  desired.  This  immediately leads one to  suspect complete 

mixing as the solution to  these  apparent inconsistencies,  but extremely 

long periods of mixing t ime  made  no significant change in r e su l t s  

obtained af te r  scintillation conditions appeared to  stabilize. 
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The conclusion a t  which one a r r i v e s  (af ter  it must  be assumed 

that complete mixing has  taken place) i s  that a physical reaction i s  taking 

place in the evacuated counter chamber upon introduction of a gas. This  

reaction, not known a t  the moment,  may  va ry  with gas  being introduced, 

o r  m a y  be fair ly  independent of the specific gas being introduced and 

hence be roughly the s a m e  for  argon as fo r  helium. Whether this  r eac -  

tion takes  place between the initial gas  and the walls of the chamber,  o r  

between the  gas and some other  pa r t  of the filling system, i s  not known, 

but the resul t  i s  consistent and readily reproducible, F r o m  the point of 

view of obtaining an  argon-helitim rnixturc wit11 ilriproved scintillation- 

response charac ter i s t ics ,  the problem appears  to  be an  academic one, 

because the pure  argon ancl pure  helium each appears  to  have better 

scintillation charac ter i s t ics  than any intermediate  mixture.  To this  

point, resu l t s  a r e  virtually paral le l  to  those of other  workers ,  which 

show only the mixture  of 1070 xenon with 9070 helium to be an improve- 
6 

ment  upon the pure  gas. The problem i s  an interest ing one, however, 

f r o m  the point of view of determining just what does take place in the 

evacuated chamber when a gas is illlroduced, and what happens when 

argon enters  that m a y  be different f r o m  that which takes place when 

helium enters .  F r o m  this point of view, this problem and i t s  solution 

may  well prove to be of considerable pract ical  value toward refinement 

of sys tems s imi lar  to the one reported herein.  

It i s  the opinion of the wr i t e r  that a s t a r t  towards this  solution 

i s  (a )  that t he re  i s  a definite absorption into the aluminized walls of the 

chamber of a cer ta in  number of the molecules of the gas  introduced into 

the chamber,  and (b) that, in fact,  the points along the lower of the two 

lines in both problem regions (the dotted line in Region A and the solid 

l ine in Region B) should actually be in Region C. 

Another way of making this  statement (presently theoret ical)  i s  

to consider a given point in Region A--say, that point marked  "X" 

(5% He-95% A)  on the dotted curve,  the curve  of values plotted when 

helium i s  the gas  introduced f i r s t  into the evacuated chamber.  It i s  

submitted that when the helium is introduced into the evacuated 



chamber,  s o m e  of the molecules a r e  adso-rbed by the walls,and a r e  not 

included in those that indicate. 2 p s i  of helium (5% of 40 psi) ;  then when 

the argon enters  the chamber and the circulation.of gas to  facil i tate 
I 

mixing commendes, certdin of the adsorbed molecules a r e  displaced 

by argon molecules and re-enter  the gas volume proper .  This .  would 

have the effect of increasing the percentage of .helium and moving point 

"X?' t o  the right. If moved sufficiently f a r  in that direction, the resul t  

obtained would then be a consistent one, not inconsistent a s  i L  present ly 

seems.  

Similar analysis  of the resu l t s  obtai.ned for  Region B .would se rve  ' 

to move those points on the lower line in that region to the left ,  and hence 

make  these values appear m o r e  reasonable.  Natural extension of this 

analysis leads to the conclusion (conjecture a t  this writing) that the  final 

shape of the curve in Fig. 10 would be one continuous.line of the 'general  

shape present ly shown, except that t he re  would not be the lower l ines in . 

Regions A and B. The problem associated with -Fig. 10, then, appears  

. t o  resolve itself into one OX quality control--i. e . ,  a n  accura te  determina-  

tion of the final argon-helium mixtures  in Regions A and B. Solutj.on of 

' this  quality- control problem may  -not, in f a c t ,  resolve the inconsistencies 

now associated with these regions,  but this  is the direction of effort now 

planned in the s tat is t ical  refinement of the curve in Fig. 10. 

Much .wurk has bcon done and .is  continuing on the scintillation 

proper t ies  of the pure  noble gases.    ow ever, it appears  to the wr i t e r ,  

notwithstanding the generally. unprornlisiilg rcsul t  s of work with mixtures  

of gases  heretofore,  "hat reduction of data f r o m  this  mixture  work has  

presented interest ing !P roblems s imi lar  to  that posed in Fig. 10, and that 

continuing investigation of mixtures  i s  accordingly justified. Three  

problems associated with this  work immediately present  themselves 

and can be stated broadly a s  follows: 

(1)  finding a method of accura te  determination of the rat io  of 

gases ;  

( 2 )  a m o r e  thorough investigation of the proper t ies  of accurately 

defined argon-helium mixtures ,  par t icular ly in the range 



near pure argon and pure helium (Regions A and B in Fig. 

10); 

(3) extension of this basic work into the other physical states. 

Although the immediate direction of effort is toward number (1) 

above, it is hoped that all three of the broad areas  of interest stated can 

be investigated; present plans now provide for such investigation, 







Fig. 14. Calibrating puleer for 1000-scaler Model 11. 



Fig. 15. Pulse shaper and timing-pulse generator, Model 11. 



BIBLIOGRAPHY 

C. 0. Muewhausa Some Neutron Detection Investigations, BNL-242 

(T-38), 1953. 

Ernilio Segr\e and Clyde Wiegand, Light Emitted from Argon Under 

 particle Bombardment, in Physics Division Quarterly Report, 

UCRL-2152, March 1953. 

E .  Eggler and 6. M, Huddleaton, Nucleonics - 14, 34-36, (1956). 

Robert WI Dickieoan, is Wobie Gas Scintillation Cnnnttsr (Thesis), 

UCRL-3794, May 1957, 

Cibbs, Svec, and Harrington, Ind, Eng. . C h m .  - 48, 289 (1 956). 

J .  A. Horll~rcsp, J, M. Gursky, -4 A, E, Jahnsrud, Paper 1-2, 

Sixth Scintillatian C ~ u n t e r  Symprrr~ium, January 1958. 

3, A, Northrop and R. Nobles, Nucleanics - 14, 36-37 .(April 1956). 

We Bennett and 6. S: Wu, Bull. Am, Phys. Soc. - 2, No. 1, 1 (1956). 

A, Sayres and C. S. Wu, Rev. Sci, Instr. - 28% 758 (1957). 

R. A. Nobles, Rev. Sci. Instr. - 27, 280 (1956). 




