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The PANDA detector at FAIR
antiProton ANnihilation in DArmstadt

STT

p

Nearly 4π coverage
Event rates up to 20 MHz
Continuous p beam
Online reconstruction
Software-based event filtering
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the projection on the xy-axis and by the helix slope
in the perpendicular projection in the z-direction.
For the spatial reconstruction of the trajectory the
STT consists of a number of straws precisely aligned
parallel to the beam and magnetic field, which mea-
sure the helix circle. Additional straws which are
skewed by a few degrees to the axial direction pro-
vide a stereo view of the track and measure the z-
information of the track for reconstructing the helix
slope.

The PANDA-STT uses the technique of pressurized
straw tubes, closely packed and glued together to
planar multi-layer modules. As discussed in the
previous section such self-supporting straw mod-
ules show a high rigidity and mechanical precision
and allow to reduce the weight and size of the
mechanical frame structure to an absolute mini-
mum. In addition, the close-packaging yields the
highest straw density with a maximum number of
straws per cross-sectional area. Therefore, the pla-
nar layer modules are arranged in a hexagonal lay-
out which preserves the 60� position symmetry of
close-packed, parallel straws.

Each of the two semi-cylindrical PANDA-STT vol-
umes is filled by three sectors of straw tubes aligned
in the z-direction and arranged in stacks of planar
multi-layer modules. The hexagonal layout of both
volumes together has an almost cylindrical shape
with a 42mm gap for the target pipe (Fig. 2.7).

The arrangement of the straw layers in each of the
six hexagonal sectors is as follows. In radial direc-
tion and starting from the inner radius in a sector
there are 8 straw layers parallel to the beam axis,
followed by a block of 4 stereo double-layers, al-
ternately skewed by ±2.9� relative to the axially
aligned straw layers, and again a block of 4 layers
parallel to the beam axis. Then, there are another
7 layers aligned parallel to the beam with a decreas-
ing number of straws per layer to achieve the outer
cylindrical shape of the STT. The inner cylindrical
shape is reached by placing a few axially aligned
straws in the inner corner region of each hexagon
sector (see Fig. 2.7).

In total, there are 4636 straws in the layout. All
straws have the same inner diameter of 10 mm and
length of 1500 mm, except a few outer straws in the
border region of each skewed layer, which have dif-
ferent, reduced lengths (see Fig. 2.9). The film wall
thickness of all straws is 27 µm Mylar, aluminized
on the inner side and outer side of the tube.

The close-packaging of the straws with less than
20 µm gaps between adjacent tubes yields the high-
est straw density with up to 27 layers in radial direc-
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Figure 2.7: Layout of the straw tubes in the STT in
xy-view. The straws marked in green are parallel to the
beam axis. The blue and red marked straw layers are
skewed relative to the axially aligned straws in the same
sector by a small angle of +2.9� and �2.9�, respectively.

tion for the 3-dimensional track reconstruction. Up
to 19 layers with axial straws parallel to the beam
measure the helix circle in the xy-projection with
a single (mean) isochrone resolution of better than
150 µm (�r). The association of the isochrone hits
in the 8 stereo layers to the helix circle provides the
z-coordinates of the track with a single hit resolu-
tion of slightly better than 3 mm (�z), which is de-
termined by the isochrone resolution and the skew
angle (↵) of ±2.9� (�z = �r/sin(↵)). The track-
ing e�ciency for a single layer is 98.5 % and only
slightly reduced compared to the single tube radial
e�ciency (99.5 %) by the thin tube wall (27 µm)
and minimal spacing (20 µm gaps) between adja-
cent tubes.

Since the momentum resolution is dominated by the
transverse momentum reconstruction and the stereo
layers distort the close-packed cylindrical geometry
their skew angle should be kept as small as possible
to a few degrees. As can be seen in Fig. 2.7 the cho-
sen value of 2.9� creates only minor gaps between
two hexagon sectors.

Due to the technique of the self-supporting straw
modules no support or reinforcement structures in
the tracking volume are needed. Fig. 2.8 shows a
three-dimensional view of the STT including the
light-weight mechanical frame which consists of end
flange profiles with precision holes to attach and
support the straw modules. The inner and outer

4224 straws
19 axial layers (green)
8 stereo layers (±3◦ blue/red) for
z-reconstruction
10 mm tube diameter
150 µm isochrone resolution

isochrones
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Event mixing: Low and high intensity

Event 1 Event 2 Event 3event-based

Event 1
Event 2

Event 3
high intensity

Event 1 Event 2 Event 3low intensity

Low intensity
Events separated in time
Similar to event-based processing

High intensity
Events start to overlap
New reconstruction challenge: Associate data with correct event
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Event mixing: Low and high intensity

Collision rate ∼ 2MHz
Good spatial separation between
tracks

Collision rate ∼ 20MHz
Event mixing becomes more prominent
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Cellular Automaton
J. Schumann

A

C

B

D

A Tracks traverse detector
B Hits are marked as active cells
C Active cells are classified as

unambiguous: ≤ 2 active neighbours
ambiguous: > 2 active neighbours

D Ambiguities are resolved using track
fits
GPU version has been implemented

4 / 13



Cellular Automaton: Clustering with time information
J. Regina

Extend spatial clustering to
use time information

→ Hits are only combined if
∆t < 250ns
(based on detector response
time)
Small computational footprint
(∼ 1%)

0.0 0.2 0.4 0.6
run time / ms

event-based algorithm

time-based algorithm
 no event mixing

time-based algorithm
 with event mixing

Full (serial) event reconstruction ≈ 10ms (Intel
Core i7 3.4 GHz)
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Longitudinal reconstruction with stereo layers
W. Ikegami Andersson

Procedure
Obtain isochrone from stereo layer
Align isochrone with track fit by varying z-position
Transform locations to (z , φ) space

! Two solutions for each straw

How to solve ambiguity?
Three approaches

Combinatorial path finder
Hough transformation
Recursive annealing fit
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Reconstruction of longitudinal track component
Combinatorial approach

Determine all possible connections between
layers
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Reconstruction of longitudinal track component
Combinatorial approach

Determine all possible connections between
layers
Calculate angles between neighboring lines
Reject paths with θ < 90◦

8 / 13



Reconstruction of longitudinal track component
Combinatorial approach

Determine all possible connections between
layers
Calculate angles between neighboring lines
Reject paths with θ < 90◦

Select path by minimising
∑

(θi − 180◦)2
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Reconstruction of longitudinal track component
Hough transformation

Generate set of lines around point
Fill line parameters in accumulator
Repeat for all points
Select maximum in accumulator

→ Maximum selects track parameters
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Reconstruction of longitudinal track component
Recursive annealing fit

Fit line to all points
Remove point with largest residual
Calculate new line fit
Repeat until one point has been
rejected for each straw tube

reject
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Comparison

Efficiency = Ncorrectly found hits
NMC

all hits

Purity = Ncorrectly found hits
Nall found hits

Benchmark with reconstructed, prompt muons
Observables before using Kalman filter
Recursive annealing fit best in all categories
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Summary
Track and event reconstruction at PANDA challenging task
Cellular Automaton has been adapted to continuous data stream
Algorithms for longitudinal parameter extraction have been developed

Combinatorial path finding
Hough transformation
Recursive annealing fit (best performance)

Outlook
Apply recursive annealing fit to hit rejection in other detectors
Vectorise/parallelise algorithms
Port to hardware accelerators
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Thank you for your attention!

13 / 13


