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ABSTRACT 

An i n v e s t i g a t i o n  t o  sepa ra t e  e l e c t r o n s  from pions a t  

50 GeV using 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) is 

presented.  The pulse  he ight  d i s t r i b u t i o n  from such a  de- 

t e c t o r  shows two peaks which correspond to  p ions  and elec-  

t rons  r e spec t ive ly .  The d e t e c t o r  cons i s t ed  of a  l a r g e  num- 

ber  of  sandwich elements each of which was composed of a  

mult iwire propor t ional  chamber f i l l e d  wi th  argon gas and a  

s t a c k  of Mylar f o i l  r a d i a t o r s .  Ethafoam and styrofoam were 

a l s o  used a s  r a d i a t o r s .  The observed energy s p e c t r a  and 

app l i ca t ion  of the d e t e c t o r  a r e  discussed.  

* 
Work performed under the auspices of the  U.S. Energy Research and De- 
velopment Administrat ion i n  co l l abora t ion  with the National Aeronautics 
and Space Administrat ion.  



We had repor ted  e a r l i e r  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 

1 pions a t  energ ies  from 100 t o  250 GeV. I n  the present  i n v e s t i g a t i o n ,  we 

s tud ied  the  s e p a r a t i o n  of e l e c t r o n s  from pions a t  50 GeV using a  TRD. The 

experiment was c a r r i e d  out  i n  the M 1  meson beam a t  the  Fermi National  Ac- 

c e l e r a t o r  Laboratory. 

The TRD cons i s t ed  of  a  s e r i e s  of multiwire propor t ional  chambers i n t e r -  

2  
laced with t r a n s i t i o n  r a d i a t o r s .  The chambers were 2.2-cm t h i c k  and 

6" X 6" i n  a rea .  The spacing of  sense  wires  were 1.0 cm. A l l  the sense 

wires  of a  chamber were connected toge the r  t o  give a  s i n g l e  output  from 

t h e  chamber. m e  s i g n a l s  from the  chambers were added i n  such a  way s o  as  

t o  g ive  e i t h e r  a  geometric mean o r  an a r i t h m e t i c  mean va lue .  This added 

s i g n a l  was ga ted  by a  f a s t  coincidence s i g n a l  and s t o r e d  i n  a  pulse height  

analyzer .  The f a s t  coincidence s i g n a l  was formed from Cerenkov countersJ  

t o  i d e n t i f y  pions o r  pro tons ,  a  s c i n t i l l a t o r  S1 upstream of the de tec to r  

and s c i n t i l l a t o r s  S2 and S3 downstream, and a shower counter4 which iden t i -  

f i e s  e l e c t r o n s  i n  t h e  beam. The s c i n t i l l a t o r  S was used a s  a  ve to  counter 3 

t o  r e j e c t  mu l t ip l e  p a r t i c l e  events .  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  t h e  x-ray t r a n s i -  

t i o n  r a d i a t i o n  a s  wel l  a s  t h e  i o n i z a t i o n  energy l o s s  due t o  the primary 

charged p a r t i c l e .  The system was c a l i b r a t e d  with and Cd 
109 sources.  

I n  Fig. 1 (a) ,  an over lap  of two s p e c t r a  with a  30-element system is 

shown. The system was gated by p ion  s i g n a l s  from Cerenkov counters  and 

s c i n t i l l a t o r s  bu t  without a  shower counter  s o  t h a t  the beam contained both 

pions and e l e c t r o n s .  The percentage of e l e c t r o n s  was 8%. The curve with 

the h ighes t  pion peak was taken wi th  background r a d i a t o r s .  The o t h e r  curve 

was taken wi th  t r a n s i t i o n  r a d i a t o r s  of Mylar f o i l s ,  which shows two peaks: 



a reduced pion peak and a broad e l e c t r ~ n  peak. The t r a n s i t i o n  r a d i a t o r  

cons is ted  of 100 f o i l s  of + m i l  Mylar f o r  15  chambers, and 50 f o i l s  of 

5 m i l  and 50 f o i l s  of .4 m i l  with 30 m i l  spacing f o r  the  o t h e r  15 chambers. 

For comparison, two o t h e r  kinds of r a d i a t o r s  were used: a  4"-thick 

ethafoam polyethylene and a 4If-thick styrofoam. Yie lds  of t r a n s i t i o n  

r a d i a t i o n  f o r  Mylar, ethafoam and styrofoam a r e  r e spec t ive ly  0.91, 0.65 

and 0.55 compared wi th  the  i o n i z a t i o n  l o s s  s i g n a l  of pions a t  50 GeV. The 

3 
d e n s i t i e s  of t h e  r a d i a t o r s  a r e  0.023, 0.020 and 0.025 g/cm respec t ive ly .  

Ethafoam i s  a  b e t t e r  r a d i a t o r  than styrofoam and can be conveniently used 

f o r  Ia rge  a r e a  a p p l i c a t i o n s ,  f o r  example, t o  measure the energy spectrum 

of cosmic r ay  e l e c t r o n s  where the  protons produce the background e l e c t r o n s .  

Other inves t iga t ions5  on t r a n s i t i o n  r a d i a t i o n  us ing  an e l e c t r o n  beam only 

a t  lower energ ies  and employing ethafoam, styrofoam and Mylar r a d i a t o r s  

have a l s o  been made. 

The pulse he igh t  spectrum f o r  a  shower counter  i s  shown i n  Fig. 1 (b) .  

The e l e c t r o n  peak appears a t  the  h igh  energy end of the spectrum. A shower 

counter4 cons is ted  of 16 u n i t s  of  2- radia t ion  l eng th  Pb and ?*-thick scin-  

t i l l a t o r  which were viewed by two 60 AVP phototubes through l i g h t  guides. 

I n  Fig. 2  (a) ,  a  spectrum s i m i l a r  t o  F ig .  1 (a) but  f o r  pions only using 

background r a d i a t o r s  i s  shown. A t  50 GeV pions do not  produce de tec t ab le  

t r a n s i t i o n  r ad ia t ion .  A shower counter  was used here  which served to  ve to  

the  e l ec t rons .  

A spectrum of  t r a n s i t i o n  r a d i a t i o n  from e l e c t r o n s  us ing  the shower 

counter  i s  shown i n  Fig.  2  (b). The pion contamination i n  the spectrum 

i s  11%. The Mylar r a d i a t o r s  were used a s  i n  Fig. 1 (a). The r a t i o  of 

average pulse  he igh t s  of  e l e c t r o n s  t o  pions i s  1.90. It is seen t h a t  the 



e l e c t r o n s  thus  de tec ted  show a c lean  peak which i s  well separa ted  from t h a t  

of the  pions. Fur ther  work t o  improve the  de tec t ion  system i s  i n  progress .  
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FIGIJRE CAPTIONS 

Fig.  1 (a) Overlap of  two s p e c t r a  wi th  and without  t r a n s i t i o n  r a d i a t o r s .  

Beam contained both pions anrl e l e c t r o n s .  The spectrum with 

t r a n s i t i o n  r a d i a t o r s  shows an e l e c t r o n  peak a t  a higher  channel. 

(b) Pulse he igh t  spectrum of  the  shower counter .  

Fig. 2 (a) Pulse  he ight  spectrum f o r  t h e  pions us ing  background radia-  

t o r s .  (b) Pulse  he ight  spectrum f o r  the  e l e c t r o n s  using t r a n s i -  

t i o n  r a d i a t o r s  of Mylar f o i l s .  A small  peak a t  a lower channel 

i s  due t o  p ions  of  11%. 








