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A pellet tracking (PTR) system for PANDA is under devel-
opment in Uppsala. Tests and measurements at the Uppsala
pellet test station (UPTS) are an important component in this
work. A system [1] based on two line-scan (LS) cameras and
diode lasers has been used during the last years.
The pellets are generated with a constant frequency in the
range 40 to 80 kHz. Due to different kinds of losses, the pel-
let rate at the measurement levels is typically between a few
to twenty k pellets/s. Each camera measures the transverse
position and time of the pellets. As was shown in Ref. [2], the
time spectra are well understood. Making a cut on the time
difference between recorded pellets at two measurement lev-
els, one can select measurements from both levels, that with
high probability correspond to the same pellet. Then, the in-
formation about the measured pellet position is used to ex-
trapolate the pellet track back to the VIC (Vacuum Injection
Capillary, nominal pellet generation point).

Figure 1. Extrapolated transverse positions of pellet tracks
from experimental data taken at UPTS (upper plot), and a
slice taken at the nominal position of the VIC exit (lower
plot). In the upper plot the scale on the x-axis is in millime-
ters and on the y-axis in pixels (≈ 37 µm). In the lower plot
the scale on the x-axis is in pixels.

The upper plot in Fig. 1 shows the extrapolated transverse
position of pellet tracks in the direction of the VIC. Making a
slice in the plot at 1940 mm which is the nominal position of
the VIC exit (lower plot in Fig. 1), one obtains a resolution of
the reconstruction of σ ≈ 100 µm. The measurement levels
are at 0 and 427 mm. Taking into account the distance to
the measurement levels and the distance between them, the

Figure 2. Simulation of pellet tracking at the UPTS (see
Fig. 1). The scale on both axes is in millimeters.

detection resolution at the measurement levels is estimated
to be ≈ 20 µm. The results of the measurements are well
described by the MC simulation (Fig. 2). The deviation from
the experiment seen in the left part of the plot is due to
background pellets that are not included in the simulation.

The aim of the design simulation studies is to check how
the expected position resolution and tracking efficiency for
different design variants meets the goals and requirements
from the physics experiment and find out how they depend
on various parameters describing the pellet and pellet stream
properties and the detection process. The geometrical con-
ditions and tracking equipment configurations are based on
a conceptual design for PANDA where two 0.4 meter long
sections of the vertical pellet beam pipe are reserved for the
tracking system, one at the pellet generator and the other one
at the dump. At each section four measurement levels can be
accommodated.
In the design simulations we calculate the true position and
time of each pellet at the measurement levels. This informa-
tion is then used to simulate the measurements of pellet po-
sition and time. The simulation takes into account various
aspects of the measurement, as illumination, optical imper-
fections and electronics noise. Parameters in the simulations
are the pellet physical size, camera pixels size and structure
of the camera cycle (period and exposure time). Based on the
experimental results from the UPTS, we simulate the pellet
brightness using a realistic distribution.
Due to various optical effects, like the effect of the depth of
field or optical aberrations, pellets may appear bigger, than
they are in reality. Also, the position of the pellet center of
brightness, measured by the experiment, may differ from the
position of the center of mass. These two optical effects are
taken into account. To estimate the amount of light collected
by a camera pixel we first measure the integrated amount of
light. Here we take into account the pellet brightness, time of
flight in front of the camera, pellet and camera sensor over-
lap and camera dead time. The light is divided between every
pixel which saw the pellet, according to their overlap. Also,
the signal noise in pixels is taken into consideration. We can
also put thresholds on the minimum amount of light in a sin-
gle pixel and in the whole cluster. The pellet position is cal-



culated as a weighted average of positions of pixels, with
amount of collected light as the weight. The measured time
is taken as the middle of the exposure time of the cycle.
During the pellet tracking procedure we take each pellet
recorded at the first measurement level as a start and for
this pellet we want to collect all information needed to re-
construct the time and position of this pellet at the interac-
tion region. To reconstruct the track of the pellet we need
to know the position of the pellet at the following measure-
ment points. To select the correct measurement from among
all others, we use the mean velocity of the pellet stream and
distance to the second measurement level, to get the expected
pellet time. We look for measurements around this time, in a
certain time window, and the measurement closest to the ex-
pected time is assumed to be the measurement of the pellet
in the track. Its time is used to calculate a new, improved ve-
locity, which is then used to search for the pellet at the next
measurement levels. This is continued until the last measure-
ment level. The whole procedure is repeated for all pellets
recorded at the first measurement level.
Having information from all measurement levels, one can fit
pellet tracks. The pellet start position (VIC exit) may also be
used as an additional point in the track fitting.
One can obtain the tracking resolution in the simulations, by
comparing reconstructed and true pellet position at the inter-
action region. Example resolution plots are shown in Fig. 3.

Figure 3. Examples of pellet position resolution from track-
ing. The upper plot is for the Z (horizontal) coordinate and
the lower plot is for the Y (vertical) coordinate.

The resolution in the X and Z directions depends directly on
the position measurement resolution and on the distance be-

tween the measurement levels. A resolution of σ ≈ 250 µm
is obtained when using information from the upper tracking
section only. The resolution is good enough for accurate con-
sistency checking if a track could originate from the VIC exit
(situated about 700 mm above the tracking section). If this is
the case the pellet stream position at the VIC can be used as
an additional point on the track fit, substantially increasing
the lever arm. Then a position resolution of σ ≈ 70 µm at the
interaction region is obtained. For the reference conditions,
the resolution in the Y direction depends mainly on the accu-
racy in the velocity determination i.e. on the time resolution
from the cameras and the distance between first and last level
in the measurement section. The additional measurement lev-
els in between, improve the resolution slightly (≈ 30 %) and
results in a resolution of σ ≈ 0.8 mm.
The lower tracking section at the dump might improve the
resolution and can also be used for tuning and monitoring of
the tracking performance.
The tracking system should provide useful i.e. correct track-
ing information for as many as possible of hadronic events
(taken as the time when there are pellets in the beam region).
To evaluate the performance one compares the position and
time information for the true pellets with position and time
information from the tracks that are reconstructed from the
pellet measurements. For a certain target situation i.e. a cer-
tain number of pellets present in the interaction region, the
efficiency is defined as the probability that the number of
pellets found by the tracking is the right number. The cor-
rectness can similarly be defined as the probability that the
number of pellets expected from the tracking system is the
correct number.
From the results of these studies one can deduce that for the
reference conditions about 70% of the hadronic events would
have correct information from the tracking system and for
about 50% of the events there would be unambiguous posi-
tion information.
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