
Me.surementr of index of refraction as a function of gas 

prersure ara reported for several gases which are suitable for  

Cerenkov counter u6e. Smplee of coamercially marketed carbon 

aioxide, ethane, methaae, sulfur hexaflwride, Freon 13 (CClP3). 

Freon 14 ( c P ~ )  md Prcon 23 (CHF3) hare been studied. The data 

r + C  ~ummarited by Pigubs 1 .md  2, Thesa gases do not react wi th  

aluminum or r i lver  mirror coatings, or other materials used i n  such 

counterr, and have indices of refraction which are large enough to 

permit the use of the gases a t  reasonable pressures. Methane and 

cthrne are both toxic and highly explosive; the remainder of the group 

l i t~ t ed  are noktoxic urd very stable. 

An intcrferoretric method was used i n  which a Fabrry Parot devic 

was enclosed by a pteesute vesael maintained a t  constant temperature, 

When oeided w i t h  8 suf table optical syrtea the Fabrj Perot displays 

a pattern of concentric circular fringes. Very sharp Wight fringes 

appear a t  angle8 5 measured 

interferometer mirror surfaces whenever the relation nk + coo 
- 
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is s a t i s f i e d .  The index of r e f r ac t i on  of the  mater ia l  between 

the interferometer mirrors is thus obtained from a knowledge of 

t h e  wave length h of the l i g h t  incident  upon the mirrors ,  the 

separat ion $ between the tVrFo mirrors ,  and the  order g of the 

in ter ference pat tern .  In our applicat ion the f r inge  pat tern  is 

v;i.ewed . a t  a f ixed  angle 2 which is defined by the cross  h a i r  

of a telescope focused,at  i n f i n i t y .  A change i n  caused byvary- 

ing the pressure (density)  of the ga s  between the mirrors leads t o  a 

change i n  2, which is observed a s  a movement of the f r inge  pa t t e rn  
. . 

i n  the f i e l d  of v i e w  of the telescope. O u r  measurement of the index 

of re f rac t ion  thus consis ts  of a record of the gas pressure changes 

associated w i t h  the movement of an i n t eg ra l  number o f  f r i n g e s  An 

past  the cross ha i r  of a telescope.  When An r e f e r s  to the"'number 

/of of f r i nges  counted during the f i l l i n g  an i n i t i a l l y  evacuated pressure 

vessel ,  the index of ref ract ion u, may be calcula ted f roa  the r e l a t i on  

A 1 1  measurements were performed at 22,O f .roc, and began with 

the pressure vesse l  evacuated. Gas .pressure was adjusted u n t i l  a 

given f r inge  was made t o  coincide w i t h  the telescope cross hai r .  

Inasmuch as the compression o r  expansion of a . ga s  i n  the vessel  is 

secompanied by a temperature change, i t  is messary  to albw adequate 

time f o r  the gas system to reach the temperature maintained on the 

vessel  walls before taking pressure readings. Pressures"were measured 



by a  pa i r  of  prec is ion  Bourdon gauges manufactured by t he  Heise-Bourdon 

Company, each of which had been c a l i b r a t e d  aga ins t  t h e i r  s tandards  t o  a  

s t a t e d  accuracy of f .I%, o r  f .3 p s i  a t  f u l l  s ca le .  Two gauges were 

used i n  p a r a l l e l  to minimize meter hys te res i s  and f r i c t i o n  e r r o r s ,  and 

t o  check the  consistency of  the  ca l ib ra t ions .  'On a  given sample of gas,  

successive t r i a l s  f o r  a f ixed  An reproduced pressure v a l u e s  cons i s t en t ly  

t o  wi th in  f .2 psi.  The number of f r inges  hn could be obtained to wi th in  

b e t t e r  than f 1/10 f r i n g e .  Because -. d . and - A a re  both precgsely known, 
, .: , 

.. . . . , \. .* 
t h i s  method y ie lds  pressure  versus index of  r e f r a c t i o n  ' r g s u l t s  which a r e  

e s s e n t i a l l y  a s  r e l i a b l e  a s  the pressure  gauge readings, 

Commercial, presumably high pur i ty  samples of gases  obtained from 

the  Hatheson Company, were s tudied .  No f u r t h e r  p u r i f i c a t i o n  w a s  at- 

tempted. Table I ,  reproduced from Matheson Company data: lists the  

commercial s p e c i f i c a t i o n s  of  the  p a r t i c u l a r  gases  considered here. Gases 

o f  comparable s tandards may be obtained from other  d i s t r i b u t o r s  a s  w e l l .  

Samples drawn from d i f f e r e n t  conta iners  o f  each type of  gas were measured 

i n  severa l  cases t o  learn  what degree o f  r ep roduc ib i l i ty  might be e x p e c  

ted i n  p r a c t i c a l  usage o f  these  gases. Table I1 summarizes our r e s u l t s  

f o r  the  index o f  r e f r a c t i o n  expressed as  w - 1  a t  a  f i x e d  pressure f o r  the 

severa l  samples o f  each gas t e s t ed .  The spread of  index values among 

these  samples is noted t o  be cons i s t en t  with the  s p e c i f i c a t i o n s  of gas 

pur i ty  . Considered i n  t e r  IIE o f  reproducibi l i ty  o f  r e f r a c t i v e  index 

values ,  carbon dioxide would appear t o  be the most s u i t a b l e  gas of t h i s  

J 1 

group f o r  a p rec i se  determination of  high energy p a r t i c l e  ve loc i ty  i n  a 
> 



Cerenkov counter  from p res su re - r e f r ac t ive  index c a l i b r a t i o n  d a t a .  

The index o f  r e f r ac t ion -p re s su re  d a t a  a r e  presented i n  Tables  

111 and IV, and a l s o  F igures  1 and 2. The va lues  given a r e  averages 

which inc lude  r e s u l t s  from two t r i a l s  f o r  each o f  t h e  samples noted 

i n  Table 11. The green l i n e ,  X = 5461 A, of  t he  mercury spectrum was 

used f o r  a l l  of these  measurements, Except f o r  t he  ca se  of carbon 

d iox ide ,  t h e  d i f f e r e n c e s  i n  p u r i t y  among the  s e v e r a l  samples t e s t e d  

a r e  such t h a t  t h e  f i g u r e - t o  t h e  r i g h t  of  t he  decimal is not  s i g n i f i -  

c a n t  i n  the  average pressure  quoted f o r  a given r e f r a c t i v e  index. 

This  f i g u r e  is c a r r i e d  i n  the t a b l e s  because i t  is s t i l l  s i g n i f i c a n t  

i n  t h e  d i f f e r e n c e s  between success ive  readings  i n  t he  p re s su re  reg ions  

i n  which Cerenkov coun te r s  a r e  normally opera ted .  . . 

An a d d i t i o n a l  s e r i e s  of measurements was taken with X = 4358 A 

t o  s tudy  t h e  r e l a t i v e  d i s p e r s i o n  p r o p e r t i e s  of t h e s e  gases.  The r e  

s u l t s  a r e  expressed i n  Table V i n  terms o f  t h e  r a t i o  R = (\:.-I) A d 3 5 8  A 

The va lues  of R i n  Table V were obta ined  from success ive  measurements 

a t  the  d i f f e r e n t  wave l eng ths  made upon the  same gas samples only ; 

the  v a r i a t i o n s  i n  index due t o  dispersion a r e  o f  approximately the  same 

magnitude a s  t h o s e  due t o  d i f f e r i n g  p u r i t i e s '  among t h e  gas samples. The 

r a t i o s  were computed by comparing the d i f f e r e n c e s  i n  the  tw i n d i c e s  be- 

tween success ive  p a i r s  o f  pre8sure va lues .  A t  l e a s t  200 f r i n g e s  were 

included i n  each d i f f e r e n c e  taken,  w i t h  t h e  except ion  of 120 f r i n g e s  



f o r  CF4. An unce r t a in ty  of approximately .1 .1 p s i  is t o  b e  expected 

i n  each of thc averaged pressure  readings.  TIIPS f i gure  is rtawii- 

s i b l e  f o r  t h e  quoted probable e r r o r ,  which is based upon r e s i d u a l s  

which a r e  encountered du r ing  t h e  averaging of t h e  succes s ive  d i f -  

f e r ences  of C p - l ) .  Our r e s u l t  o f  R n 1.00123 k.00004 f o r  C02 agrees  

w i th in  t h e  e r r o r s  wi th  a  s i m i l a r  measurement by Howell of 1.00118 

5 
(i.00003) . 

The d a t a  presented i n d i c a t e  t h a t  methane and e thane  have the  

h ighes t  d i s p e r s i o n  of t he  gases  of t h i s  group; Freon 23 (cHF3) hap 

th.e lowest d i s p e r s i o n .  For a l l  of these  gases ,  d i s p e r s i o n  is a  more 

s e r i o u s  l i m i t a t i o n  t o  u l t ima te  Cerenkov counter  r e s o l u t i o n  a t  very 

high ene rg i e s  t han  is m u l t i p l e  s c a t t e r i n g .  In some Cerenkov counter  

a p p l i c a t i o n s  a  minimum of p a r t i c l e  a t t e n u a t i o n  might be d e s i r a b l e ;  

methane c . lear ly o f f e r s  t h e  s m a l l e s t  nuc lea r  c ros s  s e c t i o n  of t hese  

gases .  The d i s p e r s i o n  of methane is approximately t h e  same a s  t h a t  

5 of hydrogen , however, s o  hydrogen might be a more s u i t a b l e  cand ida t e  

f o r  a  gas wi.th low nuclear  a t t enua t ion .  These cons ide ra t ions  must 

u sua l ly  be compromised i n  p r a c t i c e  because of the  p re s su res  requi red  

t o  achieve t h e  d e s i r e d  operati 'ng range of the  coun te r s .  Experience 

t o  da t e  i n  t h i s  labora tory  has i n d i c a t e d  t h a t  carbon d iox ide  does no t  

present  major d i f f i c u l t i e s  i n  a t t e n u a t i o n  o r  mul ' t iple s c a t t e r i n g ,  and 

i ts  d i s p e r s i o n  appears t o  permit acceptab le  Cerenkov angular  resolu- 

t i o n  w i t h i n  t h e  range o f  p a r t i c l e  ene rg i e s  encountered i n  AGS ope ra t ion .  
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CQH, (.CP) (1) (1) . (1) 
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Index of  Refraction f o r  Various Gas SampL s at  150 ps ig  

Sample 
1 2 3 4 

C2H6 . 86 -32 85.89 
(CP) ( Tech) 



TABLE I I I 

Index of Refraction - Pressure 

P- 1 Carbon ~ i o x i d e  Methane . Freon 14 and Freon 23 

* 0 ' -ps ig  corresponds to  14.7 psi atmospheric pressure, 



T.4BL.E IV 

Index o f  Refraction - Pressure 

.Ethane Sulfur Hexafluoride Freon 1.3 

22-0 & .loci A = 5461 A 

* 0 p s i g  corresponds to  14.7 p s i  atmospheric pressure. 
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