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This note discusses some preliminary work on the sensitivity of the source calibration to the 
distance between the source tube and the scintillating tile. A simple model was developed. 
This was compared to GEANT calculations and to a measurement on a disc-shaped source. 

We find that at a distance of around 4 mm, the source calibration c:lumges by about 
10% for a 1 mm change in the source tube to tile distance. 

2 Simple Model 
We assume that the photona emitted by the source have a very long attentuation length in 
the scintillator (for the 662 ke V gammas from CI"T, the attentuation length is of the order 
of 40 em). Furthermore, we assume that the electrona created by the photOlll have a very 
short range (it is roughly 1 mm at the relevant energies). Under these ulUDlptionl, the 
contribution to the current from a IIIlIIll volume of lcintillator il proportional to the flUl[ of 
photons through that volume,leading to the following integral for the current I: 

(1) 

where r is the distance from the source to a point in the volume. 

3 Calculations 
We have numerically integrated equation 1 for the case where the source is various distances 
from the face of a 10 em x 10 cm x 0.4 em tile (see figure 1). We were able to analytically 
integrate equation 1 for a source along the axis of a cylindrical disk of radius 5 em and 
thickness 0.4 em. Also, we wrote a simple Monte Carlo based on the assumptions above for 
the 10 em x 10 em x 0.4 em tile. The three results are shown in figure 2 and are seen to be 
very close to each other. In addition, we used GEANT to simulate the interaction of 662 
keY gammas with the 10 em x 10 em x 0.4 em tile. This gave results similar to the simple 
model (see figure 2). All of these indicate that the source calibration changes by about 10% 
for every 1 mm change in source position for source positions near 4 mm from the face of 
the tile. 

1 

IN II 



Figure 3 showl the current as a function o( the source pOlition along the lOurce 
tube (or three distances of the IOUJ'ce tube (21 direction in figure 1) from the tile. These 
points were cakulated from the limple Monte Carlo described above. These curves look 
very similar to ones obtained from actual lource calibrationz. This again emphasizes the 
Benzitivity of the current to the distance between the IOUJ'ce tube and tile. 

We wizhed to experimentally check this model but did not have a point IOUJ'ce of 
gamma raYI available. We did have a diU-shaped IOUJ'ce emittiq several photon lines 
from 88 keV to 1.836 MeV. We placed the dilk paralJel to the tile and centered (figure 4) 
and measured the current (or various separationz of the lOurce and tile. Thil is plotted in 
figure 5 along with a GEANT simulation of a the tame geometry and diltribution ofphoton 
energies. The agieement is reasonable. The slope near separationz of 4 mm il around 4-
5%/mm, which is somewhat smaller than the previous calculation due to the disk shape of 
the source. 

The lenzitivity to the source tube position parallel to the tile (ace (the x direction 
in figure 1) is much leBs than (or the transvene (I) position. Figure 6 thow the current as 
a function o( the x position (or x = 0 and 21 = 4 mm. The senzitivity near x = 0 is about 
O.I%/mm. 

We have also calculated the pOlition senzitivity (or lourCe tubes that run along 
the edge of tiles, that is, transverse to the (ace (figure 7). Figure 8 thowl the current as 
a function of the distance between the source tube and the edge o( the tile. Again, the 
variation is about 10%/mm. 

4 Conclusions 
We have calculated from a simple model, and verified by a GEANT Iimulation and mea-
surements in the lab, that if 10vee tubes run paralJel to the (ace and over the center o( 
the tile, then the current out of the phototube changes by 10% per 1 mm change in the 
separation of the source tube and tile. 
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2. Source current as a function 01 the distance normal to the face 01 the tile. 
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T. Geometry for lOurce tube running tranverle to the face of the tile. 



1 
!i 
~ 

~ 
~ -

1 ... 

Ii 0.8 
_0 

t: 
d 

o 0 

0.6 - 0 0 

o 0 
o 0 

0.4 I- 000 

0.2 I-

o Simple Monte Carlo 

I I • I 
00 0.6 0.4 0.2 

I 
0.8 

I 
1 

Distance (em) 

8. Source current as a function or the diatance Crom the edge or the tile. 


