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The pellet target concept not only allows 
for high hydrogen target thicknesses in 
storage rings but also gives the possibility 
to have very well defined spatial 
parameters of individual target particles by 
using optical position measurements. 
Work on pellet detection using lasers and 
fast line-scan (LS) (linear CCD) cameras 
for this purpose was done at TSL [1] and 
at FZJ [2]. An operating system for optical 
tracking of pellets (PTR) has however still 
not been realized. Our project aims to a 
PTR that could be used in the future 
PANDA experiment at FAIR and in 
WASA at COSY. 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.  
 
In November 2008 the Uppsala pellet test 
station (UPTS) was brought into operation 
again after three years of shut down and 
earlier measurements of pellet 
distributions using a single camera were 
repeated. Then during 2009 the emphasis 
has been on development of a 
synchronized system of two cameras and 
on improving the efficiency of pellet 
detection. Hydrogen pellets of Φ ≈ 25 μm 
were used. 
For detailed investigation of the operation 
and performance of the cameras a tabletop 
test stand was prepared (Fig. 1). Thin 
wires were used as objects. By using a 
LED powered by a pulse generator as light 
source it was possible to check basic 

camera parameters like exposure time, 
dead time and other effects for different 
camera settings. In these studies, a set of 
different LED pulse lengths, amplitudes, 
frequency settings was used and the 
camera response was then compared with 
expectations/simulations. The test stand 
setup was also used in the development of 
synchronized read-out of the cameras. 
 

 
 
Figure 1.  Tabletop camera test setup. 
 

 
 
Figure 2.  Two-camera setup at the UPTS. 
 
The first synchronized measurements of x 
and z positions of individual pellets were 
done at the UPTS in November 2009. The 
pellet stream was illuminated by a laser 



beam directed 135 degrees with respect to 
the cameras (Fig. 2).  
 

 
 
Figure 3.  Camera synchronization with 
pellets. 
 
An impression of the performance of the 
synchronization system can be obtained 
from Fig. 3 which shows the number of 
lines between signals in camera 1 and 
camera 2 versus time (in units of lines). 
Zero means that there was a “pellet signal” 
in both cameras at the same time and a 
number greater than zero means that one 
signal was missing e g due to inefficiency, 
noise or that camera synchronization was 
lost. At time = 500×103 lines the 
synchronization was switched off and a 
more random distribution is seen. Fig. 4 
shows the cross section of the pellet beam 
seen by the two-camera system. The width 
agrees fairly well with what was obtained 
from other diagnostics at the same run. 
 

 
 
Figure 4.  Two-dimensional profile of the 
pellet beam  
 
The next steps in the development work 
include improvements in basic 
performance of the LS-camera system and 
pellet detection efficiency. The line scan 
rate should be increased and dead times in 
the camera cycle must be handled. The 
light signal from pellets must also be 
increased, in particular if one wants to go 
to smaller pellets. The plan for 2010 is to 
get a “toy” system in operation at UPTS 
and to start to prepare a simple tracking 
system based on 3-4 LS-cameras for 
WASA. 
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