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This project aims at developing a system 
for optical tracking of pellets (PTR). 
Tracking 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 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 2011, a prototype system based 
on two line-scan (LS) cameras and diode 
lasers that allows tracking of individual 
pellets was put into operation at the 
Uppsala pellet test station (UPTS) at 
TSL (Fig. 1). Two pellet detection levels 
separated by 80 mm for up to four LS-
cameras per level are placed after a 
collimator in this system.  

 
Figure 1. Pellet tracking prototype setup 
with line-scan cameras and lasers at two 
levels. The pellet beam enters from the 
top and a collimator ( skimmer) is seen 
in the upper vacuum chamber window. 

A hydrogen pellet beam with a diameter 
≈ 2.5 mm and an intensity in the range of 
1-20 k/s can be provided at this position. 

Compared to earlier measurements [1], 
lower pellet rates, shorter distance 
between the detection levels and better 
illumination conditions reduce strongly 
the background in the measurements of 
individual pellets (Fig.2).  
 

 
 
Figure 2.  Examples of measurements at 
the prototype setup. The upper plot 
shows the distribution of time differences 
in units of lines (12.5 μs) between 
signals in the upper and lower detection 
level. The peak is due to the signals from 
the same pellet at both levels. Its width 
corresponds to a small velocity spread in 
the pellet beam. The lower plot shows 
the pixel position correlation between 
signals in the upper and lower level (≈ 
37 μm/pixel). The dark line is due to 
straight pellet tracks pointing to the 
pellet generator (1.5 m above the 
tracking chamber). 



 
The spike in the time correlation 
spectrum (upper graph) and the line in 
the position correlation plot (lower 
graph) are due to measurement signals 
from the same pellet at both detection 
levels. From the pellet positions at the 
two levels a track can be reconstructed 
and extrapolated. The position 
distribution at the skimmer of 
extrapolated tracks is shown in Fig. 3. 
The width of the distribution agrees well 
with the skimmer opening (2 mm). 
 

 
 
Figure 3. Position distribution of 
extrapolated pellet tracks at the skimmer 
(black curve). The dotted lines indicate 
the size of the skimmer opening. The red 
curve shows the pellet distribution 
recorded by the camera at the lower 
detection level. The horizontal scale is 
given in units of pixels (≈ 37 μm/pixel). 
 
At UPTS, pellet signal correlations can 
now be measured under a variety of 
beam intensities and distances between 
detection levels. An analysis of such 
measurements is presented in another 
contribution to this Annual report [2]. 
Continued development work includes 
improvements in basic performance of 
the LS-camera system and pellet 
detection efficiency. The latter is 
particularly important if one wants to go 
to smaller pellets. For recording and 
processing of the data from the LS-
cameras a development of a multi-
camera read-out hardware has started 
[3]. It includes primary data selection by 

means of FPGAs and some higher level 
data processing.  
 
Based on the experience from this 
prototype system, tracking systems 
based on 8-16 LS-cameras will be 
designed for WASA and for PANDA. 
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