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When a high energy electron is stopped in an absorber, an electron- 

photon cascade o r  shower is produced. 

the theory of showers. 

have been made using ionization chambers, scintillators, ’ photographic 
film, spark chambers, ’ cloud chambers, nuclear emulsions, Cerenkov 

 counter^,^ and bubble chambers.lo 
advantages, especially for measuring radial development of the showers. 

Some of these disadvantages are limited intensity range of the detector, 

Many authors have contributed to 

Experimental measurements of shower propzgation 

A l l  of these methods have some dis- 

large energy dependence, large physical size, laborious methods, and 

disturbance of the shower by the detector. ‘In addition, those methods 

which make measurements point by point require long machine time and 

careful monitoring and data normalization to correct f o r  variations in 

beam intensity. 

The recent development of thermoluminescent dosimeters (TLD) seemed 

to offer an excellent tool f o r  investigation of shower development.ll 
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The TLD using LiF o r  CaF, (Mn) powder have wide range (0.01 t o  lo5 rads 

= 1 t o  lo7 ergs/gm), small size (w 3 mg), and simple readout. The small 

s i z e  and low densi ty ,  e spec ia l ly  of LiF powder, means that there wil l  be 

negl ig ib le  disturbance of the shower i n  materials such as copper o r  lead.  

The bulk dens i ty  of LiF powder i s  approximately 0.8 @/cm3. 

A preliminary experiment was performed t o  examinethe f e a s i b i l i t y  of 

the TLD method. An i ron  block was prepared as shown i n  Fig. 1. The LiF 

powder was placed i n  thin-walled polyethylene tubing of inner  diameter 

0.023 inches and outer  diameter of 0.038 inches. 

t o  the amount of energy deposited i n  it, t h i s  geometry results i n  a 

s o l i d  state analog of the cavi ty  ion iza t ion  chamber.12 The energy depo- 

s i t i o n  of such a device i s  cha rac t e r i s t i c  of the  surrounding medium 

rather than the device i t se l f ;  hence energy dependence i s  not  a problem. 

Since the TLD responds 

The arrangement shown i n  Fig. 1 was  irradiated a t  the 660 foo t  po in t  

of the  Stanford two-mile l i n e a r  accelerator .  The beam energy was 1 GeV 

and the t a r g e t  w a s  irradiated with approximately lo1' e lectrons.  

beam diameter was unknown but  a t  higher currents  where it could be ob- 

served on an o p t i c a l  de tec tor  it was seen t o  be about 5 mm. !The tubing 

was c u t  i n t o  lengths  and the LiF was poured out  and weighed i n  a tors ion  

balance (Sartor ius  VDF). 

reader (Controls f o r  Radiation, Incorporated). 

block the tubing was  cu t  i n  sec t ions  5 mm long and f a r t h e r  ou t  i n  sect ions 

1 cm long. This amounted t o  LiF weights of about 1.5 and 3 mg respective- 

ly .  

sample. 

'Ihe 

The LiF was then read out  i n  a commercial 

I n  the center  of the 

Each reading had t o  be corrected f o r  the ac tua l  weight of LiF i n  the 

This i s  a l i n e a r  cor rec t ion  f o r  w e i g h t  up t o  about 80 mg. 

The results a re  shown i n  Fig. 2. Radial d i s t r i b u t i o n  o r  p r o f i l e  

curves are shown f o r  depths of 0.5, 1.5, 3.0, and 5.5 inches. The curve 
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f o r  1.5 inches i s  near the  shower maximum and w a s  exposed beyond the lo5 

rad l i m i t  of t he  TLD so t he re  i s  some uncer ta in ty  i n  i t s  height.  It a l s o  

appears t h a t  the  s p a t i a l  reso lu t ion  afforded by the 5 mm sec t ions  w a s  not 

good enough t o  r e a l l y  define the shower dimensions. 

A fur ther  experiment i s  i n  progress using more re f ined  techniques t o  

obta in  bet ter  s p a t i a l  reso lu t ion  (about 1.5 mm) t o  follow the  shower far- 

t h e r  both r a d i a l l y  and longi tudina l ly  and t o  extend the  measurement to 

copper and lead. 

%e authors wish t o  express t h e i r  thanks t o  V. Pr ice ,  V. Waithman, 

and J. Jasberg f o r  t h e i r  a s s i s t ance  i n  performing the  exposures f o r  t h i s  

experiment. 



FIGURE CAPTIONS 

1. An exploded view of the i ron  block showing the r e l a t i v e  pos i t ions  

of the  LiF detectors .  

Typical p r o f i l e  curves showing the shower build-up both longi tudi-  2. 

n a l l y  and r ad ia l ly .  h t a  poin ts  a r e  shown f o r  one curve only. 
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FIG. 2 - -  TYPICAL PROFILE CURVES SHOWING THE SHOWER BUILD-UP BOTH LONGITUDINALLY 
AND RADIALLY. DATA POINTS ARE SHOWN FOR ONE CURVE ONLY. ENERGY 
DEPOSITION ERRORS ARE OF THE ORDER OF i 5 O / o .  
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