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OBSERVATION OF TRANSITION RADIATION 

FROn PIONS AT 100 - 250 G ~ v *  

Luke C.L. Yuan, P.M. Al ley ,  G.F. D e l l ,  R. K e l l e r ,  and R .  Uto 
Brookhaven National  Laboratory 

Upton, New York 

ABSTRACT 

We r e p o r t  on the observa t ion  of  t r a n s i t i o n  r a d i a t i o n  

from p ions  a t  100 - 250 GeV us ing  a  t r a n s i t i o n  r a d i a t i o n  

d e t e c t o r  (TRD). The d e t e c t o r  cons i s t ed  of mul t iwire  pro- 

p o r t i o n a l  chambers and f o i l  r a d i a t o r s .  'Ihe observed s p e c t r a  

and e f f i c i e n c i e s  f o r  s e p a r a t i n g  p ions  from protons  i n  t h i s  

energy region  a r e  presented .  

* 
Work performed under t he  auspices  of t he  U.S. Energy Research and Deve lop  
ment Adminis t ra t ion  i n  c o l l a b o r a t i o n  wi th  the  Nat ional  Aeronaut ics  and 
Space Adminis t ra t ion .  



A method t o  i d e n t i f y  and separa te  d i f f e r e n t  p a r t i c l e s  a t  very high 

energies  using t r a n s i t i o n  rad ia t ion  has been rqported i n  previous publica- 

t ions .  132 

I n  the  present  inves t iga t ion ,  we r e p o r t  the observation of t r a n s i t i o n  

rad ia t ion  from pions a t  energies  from 100 t o  250 GeV and the f e a s i b i l i t y  of 

separa t ing pions from protons using a t r a n s i t i o n  r a d i a t i o n  de tec to r  (TRD) a t  

these energies.  

The experiment was ca r r i ed  out  i n  the M I  meson beam a t  the Fermi 

National Accelerator Laboratory. 

A t r a n s i t i o n  rad ia t ion  de tec to r  consis ted  of a s e r i e s  of  mult iwire 

propor t ional  chambers in te r l aced  with t r a n s i t i o n  r a d i a t o r s  i n  a sandwich 

array.' The chambers were 2.2 cm th ick  and 6" x 6" i n  a rea .  The spacing of the 

sense wires were 1.0 cm. A l l  the sense wires of a chamber were joined together 

t o  give a s i n g l e  output from the chamber. Signals from the chambers were 

1 added to  g ive  e i t h e r  a geometric mean o r  an a r i thmet ic  mean value.  This added 

s i g n a l  was gated by a f a s t  coincidence s i g n a l  and s to red  i n  a pulse  height  

analyzer.  The f a s t  coincidence s igna l  was formed with a Cerenkov counter 

t o  i d e n t i f y  pions o r  protons ,  s c i n t i l l a t o r  S upstream of the d e t e c t o r ,  S2 
1 

and S downstream. S c i n t i l l a t o r  S was used a s  a veto  t o  r e j e c t  an event 3 3 

which has mul t ip le  par , t ic ies .  The chambers were f i l l e d  with a gas  mixture 

of 90% argon and 10% methane. The de tec to r  d e t e c t s  x-ray t r a n s i t i o n  radia-  

i 
t i o n  a s  well  as  the ion iza t ion  energy l o s s  hue to  the primary charged par- 

t i c l e .  

The beam consis ted  of pos i t ive  pions and protons,  o r  negative pions 

3 
and an t ip ro tons .  The Cerenkov counters were used t o  i d e n t i f y  pions o r  

protons. The range of momentum covered i n  the experiment was 50 t o  250 

4 
GeVlc. A typ ica l  i n t e n s i t y  of the beam was 5 X 10 /pulse.  The percentage 



of p ions  i n  the p o s i t i v e  beam at  100 Gevlc was 40%. The system w a s  c a l i b r a t e d  

109 
wi th  PeS5 and Cd sources .  

The p u l s e  he igh t  s p e c t r a  wi th  a  30-element system a r e  shown i n  Pig. 1. 

I n  Pig.  l ( a )  one can c l e a r l y  s e e  the  s e p a r a t i o n  of  the peaksfor  p ions  and 

pro tons  a t  100 GeV/c. A t y p i c a l  t r a n s i t i o n  r a d i a t o r  cons i s t ed  of  100 f o i l s  

of f m i l  Mylar spaced a t  30 m i l s .  In  another  measurement, i t  was found 

t h a t  u s ing  a  f i v e  element radiator-MJPC d e t e c t i o n  system the  sepa ra t ion  of  

p ions  and pro tons  a t  100 GeV/c is q u i t e  good wi th  100 f o i l s  of t m i l  Mylar 

as  each r a d i a t o r  element. The t m i l  r a d i a t o r  is b e t t e r  than the  f mil  rad ia-  

t o r  f o r  t h i s  low v value  (yn 700, v - 100).  Since the t m i l  Mylar i s  
P  

b e t t e r  than the  f m i l ,  i n  t he  measurement shown i n  Fig. l ( a ) ,  15  out  of 30 

chambers had a  r a d i a t o r  c o n s i s t i n g  o f  50 f o i l s  nf 5 m i l  and 50 f o i l s  of k 

m i l  ( a l l  the k m i l  f o i l s  a v a i l a b l e  on hand) in s t ead  o f  100 f o i l s  of f m i l .  

The s e p a r a t i o n  o f  t he  two peaks is due t o  the  combined e f f e c t s  of  t r a n s i -  

t i o n  r a d i a t i o n  and the r e l a t i v i s t i c  r i s e  of pions.  The background radia-  

t i o n  is n e g l i g i b l e .  The geometric  mean device  was used i n  these  measure- 

rpent8. 

The s i g n i f i c a n c e  of these pre l iminary  r e s u l t s  is t h a t ,  f o r  the f i r s t  

t i m e ,  we a r e  a b l e  t o  measure the t r a n s i t i o n  r a d i a t i o n  emi t ted  by p ions  wi th  

a s  low a  v value of 700, i . e .  pv = 100 GeV/c. I t  is t o  be noted ,  however, 

t h a t  t he  a e p s r a t i o n  of the peaks would be apprec i ab ly  l a r g e r  i f  a Xenon gas 

4 
mixture were used a s  evidenced by our e a r l i e r  experiments .  Because o f  

economical reasons ,  we p l an  t o  use Xe gas mixtures i n  our  t r a n s i t i o n  r ad ia -  

t i o n  d e t e c t o r  system in  the f i n a l  run o f  our t e s t s  a t  FWAL. 

The r e l a t i v e  y i e l d  of t r a n s i t i o n  r a d i a t i o n  a s  a  func t ion  o f  p a r t i c l e  

energy i s  shown i n  F ig .  2 .  A 30-element system with r a d i a t o r s  of 100 f o i l s  

was used. The r e l a t i v e  y i e l d  was given by the d i f f e r e n c e  between TR a n d ,  

background peak channels  ( l e s s  pedes t a l  channel ) .  This  w a s  done a t  100,  



- 3 -  

200, and 250 CeV/c f o r  both geometric  mean ( c i r c l e s )  and a r i t h m e t i c  mean 

(dots )  va lues .  

The curves of  t h i s  f i g u r e  i n d i c a t e  e s s e n t i a l l y  l i n e a r  response of t he  

d e t e c t o r  t o  the p a r t i c l e  momentum i n  t h i s  energy region.  

One p o i n t  of  i n t e r e s t  i s  the - 40% r e l a t i v e  y i e l d  obta ined  a t  250 &V/C 

(y = 1800) f o r  pions.  This compares wi th  p rev ious ly  measured y i e l d  of - 25% 

made wi th  1 GeVlc e l e c t r o n s  (y = 2000) f o r  100 f o i l s  of 5 m i l  Mylar i n  

f i v e  chambers. 

I n  Fig. 3 the r e j e c t i o n  r a t i o s  f o r  pro tons  a s  a  func t ion  of  d e t e c t i o n  

e f f i c i e n c y  f o r  p ions  a t  t h r e e  d i f f e r e n t  momenta a r e  shown. The r e j e c t i o n  

r a t i o  is the  inve r se  of the f r a c t i o n  of t he  number o f  counts  of  p ro tons  

which t r i g g e r s  the d e t e c t o r  when the d e t e c t i o n  e f f i c i e n c y  f o r  p ions  is s e t  

a t  a c e r t a i n  v a l u e .  These curves a r e  f o r  a  30-chamber system w i t h  100 

f o i l s  of  k and # m i l  Mylar per  chamber us ing  a  geometric mean dev ice .  

F igure  3  shows t h a t  one can g e t  a  r e j e c t i o n  r a t i o  of  50 f o r  pro tons  wi th  

d e t e c t i o n  e f f i c i e n c y  of  50% f o r  p ions  in  a beam of 250 GeV/c, even wi th  

a r g o n - f i l l e d  c h b e r s  . 
In summary, t he  da t a  analyzed show a  good y i e l d  of  TR a s  a  funct ion  

of momntum and show good sepa ra t ion  of even t s  w i th  and without  TR a t  good 

d e t e c t i o n  e f f i c i e n c y  f o r  TR events .  

A t r a n s i t i o n  r a d i a t i o n  d e t e c t o r  w i l l  be e f f e c t i v e  i n  s e p a r a t i n g  p ions  

from p ro tons  o r  p ions  from kaons above 300 GeV wi th  A r .  The use  of  Xe 

in s t ead  o f  A r  w i l l  improve the  r e j e c t i o n  r a t i o  apprec iably .  
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FIGURE CAPTIONS 

Fig. 1 Pulse height spec t ra  with a  30-element system. A typical  

t r a n s i t i o n  r a d i a t o r  consis ted  of  100 f o i l s  of f m i l  Mylar 

spaced a t  30 m i l s .  In  t h i s  measurement 15  ou t  of 30 chambers 

had r a d i a t o r s  cons i s t ing  of 50 f o i l s  of  5 m i l  and 50 f o i l s  of 

.t m i l  i n s t ead  of 100 f o i l s  of $ m i l .  (a) Observed pulse 

height  s p e c t r a  with a  geometric mean device f o r  pions and 

protons a t  LOO GeV/c. (b) Observed pulse height  spec t ra  

wi th  a  geometric mean device fo r  pions and protons a t  250 

GeV/c. 

Fig.  2  Relative y ie ld  of  t r a n s i t i o n  rad ia t ion  a s  a  function of par- 

t i c l e  momentum f o r  both geometric mean ( c i r c l e s )  and a r i t h -  

metic mean (dots)  con£ igura t ions .  

Fig. 3 Refection r a t i o s  f o r  protons a s  a  function of detect ion e f f i -  

ciency fo r  pions a t  100, 200, and 250 GeV/c. A 30-chamber 

system is used with 100 f o i l s  o f  and 5 m i l  Mylar per chamber 

using a  geometric mean device.  
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DETECTION EFFICIENCY FOR PIONS (OA) 




