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This project aims at developing a system 
for optical tracking of pellets (PTR). It 
requires efficient detection and 
identification of individual pellets in a 
pellet stream of high intensity, typically 
10k-20k pellets/second. The final goal is 
to be able to reconstruct the position (3d 
xyz) for pellets that are in the accelerator 
beam region at the time of a hadron 
reaction event with an accuracy of a few 
tenths of a millimeter.  

During the last years the emphasis has 
been on development of a synchronized 
system of two cameras and on improving 
the efficiency of pellet detection [1]. 
Hydrogen pellets with φ ≈ 25 µm at the 
Uppsala pellet test station (UPTS) were 
used. 

The most important measurements during 
2010 concerned pellet signal time 
correlations and velocity estimates. For 
these studies the 2 cameras were placed at 
different vertical positions, one just below 
the vacuum injection capillary (VIC) and 
the second at the observation chamber 27 
cm below (Fig.1). The large distance 
between the observation points, the 
velocity spread and the known 
inefficiencies were expected to make it 
difficult to observe a clear correlation. 
Never the less a correlation peak could be 
observed in the time difference 
distributions (Fig. 2) in agreement with 
simulation results. This peak corresponds 
to a pellet velocity of about 80 m/s and a 
velocity spread σv/v ≈ 1%. This velocity 
spread is small enough to allow for  
 

 
 
Figure 1.  Two-camera setup at the UPTS. 
 

 
 
Figure 2.  Time correlation measurement. 
 

efficient pellet tracking in a future tracking 
system. Some similar measurements were 
also done with slightly varied conditions 
for the pellet generation. By changing the 
driving pressure, i.e. the pressure in/above 



the liquid H2 nozzle, and the nozzle 
vibration frequency the droplet size and 
velocity were varied. The droplet velocity 
was fairly independent of frequency and 
increased almost linearly with driving 
pressure (Fig.3 upper graph). Lower 
pressure or higher frequency was seen to 
result in smaller droplets as expected. 
Smaller droplets result in faster pellets 
(Fig.3 lower graph). 
 

 
 
Figure 3.  Droplet and pellet velocity  
 
At these conditions (e.g. with estimated 
pellet sizes of 25-35 µm) a relative change 
in diameter, ∆φ/φ ≈1% gives a change in 
velocity of ∆v/v ≈ 1.5%.  
 
A minimal velocity spread is necessary for 
reaching an optimal pellet target 
performance. The presented measurement 
result gives important information on the 
uniformity required to reach this goal. 
 

Continued development work including 
improvements in basic performance of the 
LS-camera system and pellet detection 
efficiency, the latter in particular if one 
wants to go to smaller pellets, are needed. 
To record and process the data from the 
LS-cameras a multi-camera read-out hard-
ware with primary data selection by 
FPGAs and higher level processing will be 
developed.  
 
In 2011 a prototype system that will allow 
tracking of individual pellets will be put in 
operation at UPTS (Fig. 4). In this system 
two pellet detection levels separated by 80 
mm for 2-4 LS-cameras are placed after a 
collimator. Based on the experience from 
this system, the next step is to design a 
tracking system based on 6-8 LS-cameras 
for WASA. 
 

 
 
Figure 4. Prototype pellet tracking setup. 
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