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SOHE NEW DEVEUIPXENTS ON TRANSITION R4DIATION DETECTORS * 
FOR HIGH-ENERGY PARTICLES 

Luke C.L. Yuan 

Brookhaven Nat ional  Laboratory,  Upton, New York. USA 

and 

CERN, Geneva, Switzerland 

1. REVlEW OF' SOME PRINCIPAL CHARACTERISTICS OF TlLZSSITION RADIATION 
AND IWORTANT ACHIEVE?E?;TS I X  RECEhT IINVESTIGATIOSS 

It would be h e l p f u l  t o  review b r i e f l y  some of t h e  b a s i c  characteristics of  

t r a n s i t i o n  r a d i a t i o n  i n  o rde r  t o  apprec ia te  f u l l y  t h e  reasons fo r  i t s  importance 

i n  i t s , a p p l i c a t i o n  t o  t h e  d e t e c t i o n  and i d e n t i f i c a t i o n  of high-energy p a r t i c l e s  

i n  t h e  r e l a t i v i s t i c  region.  Now l e t  u s  consider a  r e l a t i v i s t i c  charged p a r t i c l e ,  

moving uniformly i n  vacuum and t r a v e r s i n g  i n t o  a  medium of d i e l e c t r i c  constant  E 

(assuming i t s  magnetic permeabi l i ty  U - 1) .  Energy i s  l o s t  by t h e  p a r t i c l e  a t  

t h e  i n t e r f a c e  between t h e  two media (vacuum and the  medium with  d i e l e c t r i c  con- 

s t a n t  E) and t h i s  energy l o s s  i s  emitted i n  t h e  form of  electromagnetic r a d i a t i o n  

known a s  the  t r a n s i t i o n  r a d i a t i o n ' ) .  The energy of t h e  t r a n s i t i o n  r a d i a t i o n  

emitted per  u n i t  s o l i d  angle  and per u n i t  of frequency i n t e r v a l  from the  i n t e r -  

f ace ,  a t  an  angle 0 from t h e  d i r e c t i o n  of t h e  t r avers ing  p a r t i c l e ,  is given by 

d2w e2 62 s i n 2  0 cos2 0 ---- I ( E  - 1 ) ( 1  - 8' 5 ~ J E  - s i n  9) , (1) 
*Q& nZc (1 - B~ cos2 0)'  (r cos e + JE - sin '  e ) ( l  + BJE - s i n -  0) 

vhere 6 - v l c  i s  t h e  v e l o c i t y  of t h e  p a r t i c l e  and E i s  genera l ly  a  complex quan t i ty  

given by 

c(w) - 1 - [ w 2 / w ( w  + i s ) ]  , 
P 

and where w i s  t h e  plasma frequency of t h e  medium given by 
P  

and 6 i s  r e l a t e d  t o  t h e  inverse  of r e l a x a t i o n  time which i s  q u i t e  small (h6 % 0.2 eV). 

For aluminum ( l i ~ , , ) ~ ~  1 34 eV. The + sign refe?a  tb t h e  backward emission and the  

- s ign  r e f e r s  t o  the  forward emission. 

* 
Work performed under the auspices of the U.S. Energy Research and Development 
Administrat ion i n  co l l abora t ion  with the National Aeronautic8 and Space Ad- 
minis t ra t ion.  



The frequency of t h e  t r a n s i t i o n  r a d i a t i o n  extends from below t h e  r a d i o  f re -  

quency region upward through t h e  o p t i c a l  region and t o  an upper l i m i t  given by 

Y " ~ g  
where y  is t h e  Lorentz f a c t o r  (Y - 1/-). For a  p a r t i c l e  wi th  y  - 1000, 

t h i s  upper frequency l i m i t  is * 34 keV f o r  alumintlm, which i s  we l l  i n  the  x-ray 

region.  

By i n t e g r a t i n g  Eq. (1) over a l l  angles ,  assllming 0 a 1. Garibian obtained 

ve ry  simple expressions of t h e  t o t a l  energy of t h e  t r a n s i t i o n  r a d i a t i o n  emitted 

from a  s i n g l e  i n t e r f a c e ,  a)  f o r  t h e  o p t i c a l  r eg ion  

W - -  2e2 ( I n  2y - 3 / 2 ) h r ,  , opt c  

where hw i s  t h e  o p t i c a l  frequency range; and b) f o r  the  X-ray f requencies  

I n  both cases  (a) and (b ) ,  the t o t a l  energy of the  t r a n s i t i o n  r a d i a t i o n  i s  

a  func t ion  of y  ins tead  of funct ions  of the  p a r t i c l e  v e l o c i t y  6, a s  i n  the  case  

of ion iza t ion  energy l o s s  o r  of Eerenkov r a d i a t i o n .  Of p a r t i c u l a r  importance i n  

t h e  X-ray region,  the  t o t a l  energy of t h e  t r a n s i t i o n  r a d i a t i o n  i s  l i n e a r l y  pro- 

por t iona l  t o  y  of t h e  charged p a r t i c l e  involved. I t  i s  t o  be remembered, however, 

t h a t  the  p r o b a b i l i t y  of emi t t ing  a  s i n g l e  photon from an i n t e r f a c e  by a  charged 

p a r t i c l e  i s  % I,?, s o  t h a t  a l a r g e  number of i n t e r f a c e s  a r e  needed t o  obta in  a  suf- 

f i c i e n t  number of photons f o r  t h e  d e t e c t i o n  of a  s i n g l e  p a r t i c l e .  In  general  

p r a c t i c e ,  a  s t a c k  of t h i n  f o i l s ,  spaced shor t  d i s t ances  a p a r t ,  a r e  used a s  r ad ia to r s .  

, The angle  Om a t  which t h e  maximum i n t e n s i t y  of the  t r a n s i t i o n  r a d i a t i o n  i s  

emitted wi th  re fe rence  t o  t h e  d i r e c t i o n  of t h e  t r avers ing  p a r t i c l e  i s  1. l / y ,  and 

t h e r e  e x i s t s  a  minimum thickness  of t h e  medium (mater ia l  o r  vacuum) t h a t  the  

p a r t i c l e  must t r a v e r s e  before  the  t r a n s i t i o n  r a d i a t i o n  can be c rea ted ,  a l l  ac- 

cording t o  p red ic t ions  from theory. This l a t t e r  minimum thickness  i s  known aa  

t h e  formation zone 2 ,  and is given,  f o r  r e l a t i v i s t i c  p a r t i c l e s ,  by 

This i s  e s s e n t i a l l y  t h e  d i s t a n c e  i n  which t h e  p a r t i c l e  f i e l d  and the  photon f i e l d  

i n t e r a c t  coherent ly .  

I n  a  r e c e n t  v i s i t  t o  Erevan, I was happy t o  hear from Prof .  Garibian t h a t  he 

and h i s  col leagues  have worked out t h e  formula f o r  the  X-ray t r a n s i t i o n  r a d i a t i o n  

produced i n  an i r r e g u l a r  s t a c k  of p l a t e s ,  which has taken i n t o  account t h e  s e l f -  

absorpt ion and is presented iq  a  form convenient £07 numerical c a l c u l a t i o n 2 ) .  



Now I shall list s o w  of the major experimental achievements accomplished 

during the past few years, wh'ch are of considerable significance in the under- 

standing of the basic nature of transition radiation and in the application of 

such radiation to the detection and identification of charged particles in the 

relativistic region. These are as follows: 

i) Establishment of feasibility of measuring transition radiation from a single 

charged particle both in the optical and in the X-ray region by using multi- 

layered radiators with regular or irregular spacings. 

ii) Verification of the logarithm dependence of the optical transition radiation 

intensity on y of the charged particle. 

iii) Verification of the linear dependence characteristic of the X-ray transition 

radiation intensity on y. 

iv) Verification of the em l/y relationship hoth in the X-ray and in the op- 

tical region of the transition radiation. 

v) Measurement of the transition radiation energy spectra for different y's in 

the X-ray region is in reasonably good agreement with theoretical pre- 

dictions. This holds true for hoth regularly and irregularly spaced radiators. 

vi) Verification of the formation zone effect in the transition radiation in- 

tensity both in the X-ray and in the optical region for air and for material 

media. 

vii) Verification of the total transition radiation intensity emitted as pre- 

dicted by theory in both the X-ray and optical region. 

viii) Essential elimination of the Landau tail of the ionization loss spectrum by 

means of a simple computer device. 

2. PRESENT OBJECTNES IN THE APPLICATION OF 
TRANSITION RADIATION DETECTORS 

As the investigations in particle physics and cosmic rays go into higher and 

higher energies, the identification and discrimination of the particles involved 

become more and more difficult with conventional detector systems, whose resolving 

power is a function of the velocity B of the particle and thus goes down with the 
particle energy, whereas the resolving power of a transition radiation detector 

increases with y, i.e. with the energy of the particle. In many experiments now 

existing in high-energy accelerators and in cosmic rays, one often finds the need 

to separate high-energy electrons from protons from pions and muons, etc. 

It is with applications such as these that we try 1) to devise a practical 

transition radiation detector system with present techniques, and 2) to further 

investigate new approaches to such methods. 



2.1 I n v e s t i g a t i o n s  wi th  present  techniques  

2.1.1 To measure the  t o t a l  X-ray t r a n s i t i o n  r a d i a t i o n  
without the  presence of  the  charged p a r t i c l e  

I n  t h i s  case  a  s t a c k  of 1000-2000 t h i n  f o i l s  of l i g h t  m a t e r i a l  a r e  used a s  

r a d i a t o r s ,  together  with a  magnet t o  d e f l e c t  away the  charged p a r t i c l e  from en- 

t e r i n g  t h e  X-ray d e t e c t o r .  A s e r i e s  of such d e t e c t o r  systems (1-5) can be e a s i l y  

r e a l i z e d  i n  the  beam t r a n s p o r t  system of a  high-energy a c c e l e r a t o r .  Good accuracy 

on y of a  charged p a r t i c l e  can be expected from such measurements. The energy 

spectrum of 10  GeV e l e c t r o n s  measured with a  Ge(Li) d e t e c t o r  i n  a  s i n g l e  s t ack  

system i s  shown i n  Fig. 1. 

2.1.2 To mensure~heJ-ray t r a n s i t i o n  r a d i a t i o n  with, the  
presence of the  a s soc ia ted  charged p a r t i c l e  

When s tudying high-energy r e a c t i o n s  o r  cosmic r ays ,  p a r t i c l e s  under i n v e s t i -  

ga t ion  can e n t e r  t h e  d e t e c t o r  system from any d i r e c t i o n ;  thus  the  d e t e c t o r  system 

employing a  magnet a s  described i n  Sect ion  2.1.1 above i s  no longer app l i cab le .  

We a r e  obl iged to  r e s o r t  t o  a  d e t e c t o r  system which should be a b l e  t o  measure t h e  

i o n i z a t i o n  l o s s  of the  charged p a r t i c l e  a s  wel l  a s  t h e  a s soc ia ted  t r a n s i t i o n  

r a d i a t i o n  i n  comparable magnitudes. A workable "sandwich" system 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  was devised i n  our  l abora to ry  some t en  y e a r s  ago a s  a  compro- 

mise measure. Today, such a  system s t i l l  seems t o  be the  genera l ly  accepted 

p r a c t i c a l  method. The system c o n s i s t s  of  a  success ive  s e r i e s  of s t acks  of  radia-  

t o r s  in terposed wi th  t h i n  X-ray d e t e c t o r s  such a s  mul t iwire  propor t ional  chambers. 

The number of r a d i a t o r  f o i l s  i n  each sandwich s t ack  should be such t h a t  a  detec-  

t a b l e  low-energy photon emit ted  from the  f i r s t  f o i l  should be a b l e  t o  t r a v e r s e  

t h e  r e s t  of t h e  f o i l s  i n  t h i s  s t ack  without being absorbed,  and reach the  d e t e c t o r .  

The th ickness  of each d e t e c t o r  (inultiwire propor t ional  chamber) should be t h i n  

enough t o  g ive  an  i o n i z a t i o n  l o s s  s igna l  comparable t o  t h a t  given by t r a n s i t i o n  

r a d i a t i o n  photons. Optimization of such a  system f o r  s p e c i f i c  a p p l i c a t i o n s  has 

been ex tens ive ly  studied" by varying the  f a c t o r s  such a s  t h e  r a d i a t o r  m a t e r i a l  

and th ickness ,  t he  f o i l  spacing,  t h e  number of f o i l s ,  the  th ickness  and gas mix- 

t u r e  i n  the  wire  chambers, and t h e  number of sandwich s t acks ,  e t c .  

Some of t h e  e a r l i e r  r e s u l t s  showing t h e  sepa ra t ion  of e l e c t r o n s  and pions a t  

2  GeV/c wi th  a  10-chamber sandwich (argon-methane MWPC) and t h e  e f f e c t  of t ran-  

s i t i o n  r a d i a t i o n  caused by 10 GeV e l e c t r o n s  i n  comparison wi th  the  i o n i z a t i o n  l o s s  

i n  a  20-chamber sandwich system, a r e  shown i n  Figs.  2  and 3. The l a t t e r  r e s u l t  

made use  of t h e  geometrical  mean computing device to  e l imina te  the  Landau t a i l  

e f f e c t .  A b r i e f  d e s c r i p t i o n  of the  computing device i s  shown i n  Fig. 4 .  



2.1.3 Trans i t ion  r a d i a t i o n  from l i th ium radia tors ' )  

The 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  i s  expected t o  be higher from r a d i a t o r s  of 

ma te r i a l  having a  low Z, owing t o  t h e  low sel f -absorpt ion i n  t h e  r a d i a t o r  m a t e r i a l .  

Yie lds  of t r a n s i t i o n  r a d i a t i o n  from l i th ium f o i l s  have been measured using W P C  aa 

w e l l  a s  using a  t h i n  NaI 0.5 mm t h i c k  de tec to r  wi th  e l e c t r o n s  of a  momentum from 

0.5 t o  3.5 GeV/c, i . e .  a  y va lue  of from 1000 t o  7000. The rad ia to r s* )  used con- 

s i s t e d  of 1000 f o i l s  of 50 p t h i c k  l i th ium f o i l s  spaced a t  0.5 mm. These measure- 

ments were c a r r i e d  ou t  by our group a t  the  Brookhaven AGS. Members of our group 

are:  P. Alley,  F. D e l l ,  H. Uto, and L.C.L.  Yuan. 

The r e s u l t s  obta ined using t h e  NaI de tec to r  a r e  shown i n  Figs.  5a and 5b. 

Figure 5a shows t h e  energy spec t ra  of the t r a n s i t i o n  r a d i a t i o n  from l i th ium,  mylar,  

and background r a d i a t o r s ,  r e spec t ive ly .  In  Fig.  5b, t h e  average detected energy 

including background i s  p lo t t ed  a s  a  funct ion of e l ec t ron  energy. The NaI d e t e c t s  

80 keV of t r a n s i t i o n  r a d i a t i o n  a t  2 GeV/c. However, the  ion iza t ion  l o s s  i s  

'L 250 keV. A th inner  NaI d e t e c t o r  of % 75 U th ick  would y ie ld  a  much b e t t e r  s ignal -  

to-background r a t i o .  

I n  Fig. 6  t h e  average detected energy 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  

of e l e c t r o n  energy i s  shown. Figure 6a gives  t h e  observed values of t r a n s i t i o n  

r a d i a t i o n  detected by th ree  d i f f e r e n t  MWPC 1 . 3 ,  2.1. and 4 . 2  cm) f i l l e d  with 902 

argon and 10% methane. There i s  good energy dependence. I n  Fig. bb, ca lcula ted  

va lues  using a  theory a r e  shown. The experimental values  a r e  lower, probably be- 

cause 1) experimental r e s u l t s  a r e  usua l ly  % 707. of t h e o r e t i c a l  p r e d i c t i o n s ,  and 

27 the re  i s  a  d e t e r i o r a t i o n  of t h e  l i th ium r a d i a t o r s  ( transmission of 6  keV X-rays 

decreased not iceably  with t ime) .  

Figures 7a and 7b show t h e  pion-electron separa t ion e f f e c t e d  by a  l i th ium 

radia tors /argon chamber an4 a l i t t ~ i u m  radia tors lcenon ('152 Xe, 55% He, 10% methane) 

chamber, r e spec t ive ly .  A good pion t o  e l e c t r o n  r e j e c t i o n  r a t i o  i s  c l e a r l y  evident.  

2.1.4 Experimental s t u d i e s  of t h e  separa t ion  of ro tons  
--+I---- and pions i n  the  100 GeV to  250 GeV region 

These experiments were c a r r i e d  ou t  by our group a t  Brookhaven a t  t h e  Fermi 

National  Accelera tor  Laboratory i n  Batavia,  I l l i n o i s .  One of our o b j e c t i v e s  was 

t o  study the separa t ion of t h e  hadrons and le tpons  with a  var ied  number of r ad ia to r -  

MWPC elements (from one up t o  30 elements) ,  s o  as  t o  ob ta in  t h e  optimum design of 

a  p r a c t i c a l  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 .  

The experiments a r e  s t i l l  i n  progress and only some i n i t i a l  r e s u l t s  a r e  shown 

(Figs.  8-10). I t  can be seen t h a t  t h e  separa t ion  of pions from protons increases  

*) The l i th ium r a d i a t o r s  were loaned t o  us by Drs. W .  W i l l i s  and V .  Kadica. 



with energy, and t h a t  a t  250 GeVfc, pions and protons can be completely separa ted 

even wi th  argon MWPC. The MlPC f i l l e d  wi th  xenon o r  a  xenon mixture would give  

f a r  b e t t e r  separa t ion  than t h a t  ind ica ted  by t h e  present  r e s u l t s .  

A 15-element radiator-MJPC sandwich de tec to r  system i s  being s e t  up a t  M t .  

Climax, i n  co l l abora t ion  wi th  t h e  Louisiana S t a t e  Univers i ty  group and using t h e i r  

energy spectrometer.  A 3-element radiator-MWPC sandwich d e t e c t o r  system has been 

s e t  up a t  M t .  Aragats i n  Armenia by t h e  Erevan Physics I n s t i t u t e  group. A b r i e f  

d iscuss ion of t h e i r  prel iminary r e s u l t s  w i l l  be presented.  

2 .2  Inves t iga t ion  of novel methods of t r a n s i t i o n  r a d i a t i o n  de tec t ion  

2 . 2 . 1  U t i l i z a t i o n  of sup..rhe.?ced superronducti ng g ra ins  
f o r  t h e  d e t e c t i ~ n  ot  t r a n s i t i a n  rad ia t ion  

I n  the  present  methods of t r a n s i t i o n  r a d i a t i o n  de tec t ion ,  t h e r e  e x i s t  two 

major e f f e c t s  which l i m i t  d e t e c t i o n  e f f i c i e n c y .  These are:  

i )  t h e  se l f -absorpt ion of t h e  r a d i a t o r  f o i l s ,  which absorb most of t h e  low 

energy t r a n s i t i o n  r a d i a t i o n  photons; 

i i )  t h e  t h i n  chambers used t o  maximize t r a n s i t i o n  radiat ionl(dE1dx) do not d e t e c t  

a l l  X-rays. 

The method of t r a n s i t i o n  r a d i a t i o n  de tec t ion6)  described below i s  a  very 

novel one i n  which the  r a d i a t o r s  serve  a l s o  as d e t e c t o r s  wi th  100% e f f i c i e n c y  f o r  

d e t e c t i n g  t h e  more abundantly produced low-energy X-ray photons. 

Cer ta in  Type I superconducting m a t e r i a l s  such a s  indium and mercury, when 

broken up i n t o  small granules  of a  few t o  100 microns i n  s i z e ,  can remain i n  a  

superconducting s t a t e  even when brought above t h e  c r i t i c a l  temperature and f i e l d .  

This  s t a t e  is c a l l e d  t h e  superheated superconducting s t a t e ,  and remains s t a b l e  

(but a c t u a l l y  i n  a  metas table  s t a t e )  u n t i l  some ex te rna l  energy pe r tu rba t ion  

causes it t o  become normal. The  Orsay group" has succeeded i n  making a  c o l l o i d  

conta ining such m e t a l l i c  granules  embedded i n  a  medium of polyethylene.  Since t h e  

granules  and the  surrounding medium have d i f f e r e n t  d i e l e c t r i c  cons tan t s ,  a  high- 

energy charged p a r t i c l e  t r a v e r s i n g  through t h e  i n t e r f a c e  between the  polyethylene 

medium and t h e  metal g ra in  would emit  t r a n s i t i o n  r a d i a t i o n  X-rays which a r e  i m -  

mediately absorbed by t h e  high-density granules .  The absorbed energy could be 

s u f f i c i e n t  t o  change the superheated superconducting s t a t e  of these  granules  t o  

the  normal s t a t e .  Since the  energy spectrum of t h e  t r a n s i t i o n  r a d i a t i o n  X-rays 

as  we l l  a s  t h e  p r o b a b i l i t y  of photon emission i s  a  funct ion of t h e  y of the  charged 

p a r t i c l e  i n  ques t ion ,  t h e  number of granules  i n  t h e  path of the  p a r t i c l e  t h a t  would 



be  converted from t h e  superheated superconducting s t a t e  t o  t h e  normal s t a t e  would 

a l s o  be  a function*) of y.  Thus i t  would only  be necessary t o  measure the  number 

of granules An, changing s t a t e  i n  order  t o  determine the  y of t h e  p a r t i c l e .  The 

An can b e  determined a )  by measuring t h e  change i n  t h e  resonance frequency of an  

U: c i r c u i t ,  L being t h e  inductance of a pick-up c o i l  surrounding t h e  c o l l o i d ;  

o r  b)  by measuring t h e  d$/dt  caused by t h e  "Meissner" e f f e c t ,  i . e .  the exclus ion 

of the  magnetic f i e l d  from the superconducting granules .  The frequency of t h e  LC 

c i r c u i t  i s  higher when t h e  granules a r e  i n  t h e  superconducting s t a t e  than i n  t h e  

normal s t a t e ,  a l s o  because of t h e  '%eissner" e f f e c t .  

A c o l l a b o r a t i o n  has been e f fec ted  between our group a t  Brookhaven and a so l id -  

s t a t e  group a t  Orsay t o  i n v e s t i g a t e  j o i n t l y  the  p r a c t i c a l  a p p l i c a t i o n  bf t h i s  

novel method f o r  t h e  d e t e c t i o n  and the  measurement of  y of high-energy p a r t i c l e s .  

Some preliminary t e s t s  have been made a t  Orsay and t h e  r e s u l t s  a r e  very en- 

couraging. Figure 11 shows the  resonance frequency of an LC c i r c u i t  of t h e  pick- 

up c o i l  surrounding an indium granule/polyethylene c o l l o i d  a s  a func t ion  of a 

magnetic f i e l d  (measured i n  terms of the  c u r r e n t  i n  amperes i n  the  c o i l  of a 

solenoid) which envelopes the  c o l l o i d  sample. One can see  t h a t  t h e  loop,  s i m i l a r  

t o  t h a t  of a h y s t e r e s i s  loop, s i g n i f i e s  t h e  superheated superconducting s t a t e  on 

t h e  upper por t ion  and the  supercooled normal s t a t e  on t h e  lower por t ion .  I n  

Fig. 12 t h e  s o l i d  l i n e s  show t h e  resonance f requencies  of the  LC c i r c u i t  a s  a 

func t ion  of  time f o r  d i f f e r e n t  s t a t e s  of superheated superconduct iv i ty  and of 

supercooled normal conduct iv i ty .  The resonance f requencies  a r e  i n  the  region of 

9:8  MHz, whereas t h e  frequency measuring device  i s  a b l e  t o  d e t e c t  a frequency 

change of a few cycles/second (Hz). I t  i s  seen t h a t  both  t h e  superheated and t h e  

supercooled s t a t e s  remain extremely s t a b l e  a s  a funct ion of  time. However, when 

an X-ray source (19@Ir) was brought near t h e  c o l l o i d  sample t o  s imulate  t h e  

t r a n s i t i o n  r a d i a t i o n  X-rays, the  resonance frequency dropped very  sharply i n  time, 

as  shown by t h e  do t t ed  l i n e s .  These r e s u l t s  serve  to  demonstrate t h e  p o t e n t i a l  

f e a s i b i l i t y  of such a method fo r  the  d e t e c t i o n  of t r a n s i t i o n  r a d i a t i o n  produced 

by a charged p a r t i c l e .  Furthermore, a c o l l o i d  sample con ta in ing  a s i n g l e  granule 

of mercury has been t e s t e d  r e c e n t l y  a t  Orsay and a t  CERU with  a s p e c i a l  low-noise 

ampl i f i e r ,  and the  f l i p p i n g  of a s i n g l e  granule  from i t s  superheated supercon- 

duct ing s t a t e  gave a highly dg tec tab le  s i g n a l .  

Prepara t ions  a r e  being made j o i n t l y  wi th  t h e  Orsay group t o  make d i r e c t  t e s t s  

wi th  high-energy e l e c t r o n s  (y va lues  from 1000 tp 19,000) a t  t h e  e l e c t r o n  synchro- 

t r o n  DESY, Germany. 

*) I n  a d i scuss ion  wi th  Prof.  Garibian of t h e  Erevan I n s t i t u t e  of Physics ,  he 
pointed out t h a t  f o r  y > wrlc ,  where r i s  the  rad ius  of the  granule ,  t h i s  con- 
d i t i o n  may no longer hold t rue .  



2 .2 .2  I n v e s t i g a t i o n  on t h e  use of t h i n  scintillation f o i l n  
a s  b o t h r a d i a t o r s  and d e t e c t o r s  

A s  s t a t e d  above, an i d e a l  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  vould c o n s i s t  of  a  

system i n  which each r a d i a t o r  se rves  bo th  a s  r a d i a t o r  and d e t e c t o r .  The r a d i a t o r -  

d e t e c t o r  f o i l s  must be e f f i c i e n t  i n  d e t e c t i n g  X-rays and y e t  must be t h i n  enough 

t o  y i e l d  comparatively low i o n i z a t i o n  s i g n a l s  from t h e  primary p a r t i c l e .  We had 

used e a r l i e r  a  t h i n  (500 micron) NaI c r y s t a l  d e t e c t o r ,  t h e  th innes t  a v a i l a b l e  a t  

t h e  time, but it i s  too th ick  f o r  t h i s  purpose. Recently,  t h e  Space Physics 

group, headed by Mme L i l y  Koch, a t  t h e  Centre  d 'Etudes Nuc l t a i res  de Saclay,  has 

succeeded i n  f a b r i c a t i n g  extremely t h i n  p l a s t i c  s c i n t i l l a t o r  f o i l s  of 1 u th ick .  

I n  a  c o l l a b o r a t i v e  e f f o r t ,  they made f o r  us  a  sample s t a c k  of 10 such f o i l s ,  each 

1 !.I t h i c k ,  and spaced a t  0.9 m. We made a  preliminary t e s t  i n  t h e  50 GeV pion 

beam a t  t h e  ~ e r m i  National  Accelerator Laboratory a t  Batavia and found t h a t  good 

d e t e c t a b l e  s i g n a l s  were ob ta inab le  from t h e  i o n i z a t i o n  l o s s  of the  primary par- 

t i c l e s .  I n v e s t i g a t i o n  i s  s t i l l  continuing.  
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