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ABSTRACT 

We describe the design of a combination colliniator- 

monitor used with the SIAC Compton-scattered photon 

beam facility. The beam is collimated to a half angle of 
( 

radians and the monitor is sensitive to changes in 

-6 beam steering of 10 radians. 
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I. INTRODUCTION 

1 A laser induced, Compton-backscattered photon beam facility for the 

LRL-SLAC 82" bubble chamber has been installed and operated at the Stanford 

Linear Accelerator Center. The instrument described here was  designed to 

monitor and control the photon beam in conjunction with the electronic instru- 

mentation described by A. Barna et -- al. 

the steering and flux without intercepting the central  portion, which passes  un- 

disturbed into the bubble chamber. 

The shape of the beam permits monitoring 

11. THE PHOTON BEAM 

The photon beam is produced by Compton scattering of light from a ruby 

laser  (quantum energy Ki = 1.8 eV) clashing nearly head-on with the SLAC electron 

beam (energy E). The energy of a photon scattered at  an angle 8 from the electron 

beam direction is 
E(1-  a) K(0) = 

1 + 

where Y = E/m, m = electron mass ,  and a = [1+(4yK./rn)l-! The backscattered 

photons ( 8= 0) have the maximum energy ICmax = E ( l  - a). When the maximum 

scattering angle is limited by collimation, the energy spread of the collimated beam 

1 

-5 is correspondingly limited. With E = 16 GeV and Omax= 10 radians, for examl~lc,  

the maximum energy is 4.87 GeV with an energy spread extending down to 4 . 5 3  GcV. 

Thc maximum scattering angle is defined by a holc of radius r = 1 mm through 

the collimator, 100 meters  from the scattering region. The electron beam must be 

steercd to c c i i t c ~  the photon beam onto this holc within 10 
-6 radians. 

The relative flux through an annulus n t  the monitor, as n Punction of the radius 

r from the axis of thc pliotoii bc:iiu, is shown in Fig. 1 (pi*iniary elcictron energy 
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. 
equals 1 C  GcV). For  optimum steering sensitivity, i t  is desirable to detect the 

photons a t  n radius corrcspondjng to the niasiinum rate of cliangc of flux with 

position (r = 3 min). Tilc flux exhibits fourfold symmetry about the axis of the 

beam. The fiinc Ional form is: 

2 I(e, @) = A(@ -I- B(0) s in  @, where I = intensity 

6' = polar angle with respect to 
beam direction 

@ = azimuthal angle with respect 
to the vertical 

The scintillators described below are at @ = O o ,  90°, 180°, 270' . 

III. THE SHOWER PROCESS 

High energy photons striking a material  produce a shower of lower energy 

electrons,  positrons and photons. The number of shower particles increases  

with depth, reaches a maxiinurn, and then slowly decreases.  The depth of the 

shower maxiinurn in tungsten, as a function of the incident photon energy, is 

shown in Fig. 2. 

IV. THE MONITOR 

The beam is monitored by four Pilot B scintillators embedded 2.5 cm from 

the front surface (near the position of the shower maximum for 5 GeV photons) 

and 3 mm from the axis i n  a sintered tungstcm* collimator. The tungsten hllowiiig 

the scintillators coniplctes the collimntioii o l  tlic bemi  to 2 inm (Fig. 3) .  

light pmducc>d in each scintillator is collectcd by a singlcl p l~otomul t i~~l ic r  (RCA 776'7) . 

Tlic inclividual ljght pulscs arc iwt countctl I)ut thc cl1ai~g;c (-10 

each of the piiotomultiplic~rs is integrated over the length of one photon pulse (-50 1 1 ~ ) .  

The 

-9 Coulombs) froiii 

* 
M:illoi-y 1000 (0. 9 \V, 0. 04 Cu, 0. 06  Ni  11). weight). 1~:iclhlioii Icligth 0. 1 C ~ I .  
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. 
The balance of the photomultipler gains is checked by rotating the detector 

180' about the beam axis. 

electronics. The beam is centered by minimizing the left-right and up-down 

differences, a method sensitive to changes in beam direction of lom6 radians. 

Once balanced, tlic signals a r e  analyzed by the 

The bcam intensity is monitored by summing the individual signals. 

The sum of the individual photomultiplier outputs appears digitally on the 

bubble chamber iilm as well as at the beam control console. 

analog le€t-right and up-down differences are displayed on meters  at the control 

In addition, the 

2 

console. 

For  each pulse, a bubble chamber picture is permittcd only if the left-right 

a n d  i q ) - ( ~ o \ v n  c~ i~ fe rcnces  are sufficiently srna11~ n n t ~  t ~ i c  1o1 n l  jnirnsity l i c>s  witllin 

a predetermined range. 
* 

6 The entire system has per€ormed well for over 10 pulses. 
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LIST 017 FIGIJIIES 

1. R:idial distribution of :L 5 GcV photon bc:lm :It the monitor. Thc scintillator 

is embcddcd in the tungstcn nc:ir tlic position of innxiinurn rate of c1i:uigc in 

intensity with respcct to  the radial position. 

Depth of the shower maximum in tungstc.n. 2. Rcsults are from n Monte Carlo 

computer calculation. 

Sc1iem:ltic of thc mcc1i:mical asscinhly . 
varying the effective dcpth of the scirili1l:Ltors. 

3 .  'I'hc tungsten d iscs  c:in be W : L I T : L I I ~ V ~ ~ ,  
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