
Time-based particle reconstruction and 
event selection in the CBM experiment

First Level Event Selection Package (FLES)

Highly parallelized package with online 
reconstruction components.

Highly parallelized  library to evaluate parameters 
with a high resolution.

4D Cellular Automaton Track Finder 

Parallel and SIMD-ised algorithm allows to 
reconstruct tracks in time-slices.

4D Kalman Filter Track Fit 

Event Building Short-lived Particle Reconstruction

Reconstruction chain for free-streaming data 
processing in CBM is established.

Conclusions

Event builder reconstructs individual collisions 
out of time-sliced data.

Novel Data-processing Concept for CBM

Rare prob measurements require novel data-processing concept.

8 CHAPTER 1. THE COMPRESSED BARYONIC MATTER EXPERIMENT

The experimental challenge is to measure multi-di�erential observables and particles with very
low production cross sections such as multi-strange (anti-) hyperons, particles with charm and
lepton pairs with unprecedented precision. The situation is illustrated in Fig. 1.4 which depicts
the product of multiplicity times branching ratio for various particle species produced in central
Au+Au collisions at 25 AGeV. The data points are calculated using either the HSD transport
code [12] or the thermal model based on the corresponding temperature and baryon-chemical
potential [14]. Mesons containing charm quarks are about 9 orders of magnitude less abundant
than pions (except for the Â’ meson which is even more suppressed). The dilepton decay of
vector mesons is suppressed by the square of the electromagnetic coupling constant (1/137)2,
resulting in a dilepton yield which is 6 orders of magnitude below the pion yield, similar to the
multiplicity of multi-strange anti-hyperons.
In order to produce high statistics data even for the particles with the lowest production cross
sections, the CBM experiment is designed to run at reaction rates of 100 kHz up to 1 MHz.
For charmonium measurements - where a trigger on high-energy lepton pairs can be generated -
reaction rates up to 10 MHz are envisaged.

Figure 1.4: Particle multiplicities times branching ratio for central Au+Au collisions at 25 AGeV
as calculated with the HSD transport code [12] and the statistical model [14]. For the vector
mesons (fl, Ê, „, J/Â, ÂÕ) the decay into lepton pairs was assumed, for D mesons the hadronic
decay into kaons and pions.

1.3 CBM physics cases and observables
The CBM research program is focused on the following physics cases:
The equation-of-state of baryonic matter at neutron star densities.
The relevant measurements are:

• The excitation function of the collective flow of hadrons which is driven by the pressure
created in the early fireball (SIS100);

• The excitation functions of multi-strange hyperon yields in Au+Au and C+C collisions at
energies from 2 to 11 AGeV (SIS100). At subthreshold energies, � and � hyperons are

Experiments exploring dense QCD matter  
high 

 net-baryon 
densities 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 

CBM: 
world record 
rate capability 
 
• identification of leptons and 
hadrons  
• high speed data acquisition and  
online event selection  
• fast and radiation hard 
detectors 
• self-triggered readout 
electronics  
• determination of (displaced) 
vertices with high resolution 
 (≈ 50 µm) 
• powerful computing farm 4-d 
tracking*  
• software triggers   

• CBM key observables include rare probes; 
• unprecedented interaction rates of 105-107 collisions per second; 
• complex observable signatures: no hardware trigger; 
• free streaming data;
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• continuous time-slices instead of individual collisions; 
• time-based reconstruction online on a parallel FLES farm; 
• need for highly parallelised algorithms;

CBM STS detector hits reconstructed tracks

CA Track Finder 

• efficient and stable track reconstruction; 
• vectorised and parallel algorithm; 
• leaner scalability on parallel computer systems; 
• time-based performance comparable with event-based analysis; 

• unbiased 
track 
parameters; 

• high 
resolution; 

• correctly 
estimated 
errors;

Local Item Size
0 20 40 60 80 100 120

s
µ

Tr
ac

ks
/

0

50

100

150

200

250

300

350

400

AMD Radeon HD 7970, 925 MHz

Number of Logical Cores
0 50 100 150 200 250

s
µ

Tr
ac

ks
/

0

20

40

60

80

100

120

140

160

Intel Xeon Phi 5110P, 1 Ghz

Local Item Size
0 20 40 60 80 100 120

s
µ

Tr
ac

ks
/

0

20

40

60

80

100

120

Nvidia GTX 480, 700 MHz

Number of Logical Cores
0 10 20 30 40 50 60 70 80

s
µ

Tr
ac

ks
/

0

10

20

30

40

50

60

70

80

90

Intel Xeon E7-4860, 2.27 GHz

a) b)

c) d)

Intel Xeon  
E7- 4860

Intel Xeon 
Phi 5110P

• strong 
scalability on 
various 
computer 
systems;
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Case 3D 10 ΜHz 
  K0s, % 22.9 21.2
Λ, % 21.9 19.6
 Ξ-, %  7.8 6.3

• short-lived particles are of 
particular physics interest; 

• particles are reconstructed 
via decay products; 

• time-based particle 
reconstruction performance 
is comparable to the event-
based procedure; 

• work in progress: multi-
vertex analysis and all 
detector sub-systems.

• the CBM FLES package is capable of free-streaming data processing; 
• FLES is efficient, fast and highly parallelized;

Efficiency, % 3D 0.1 MHz 10 MHz
All tracks 92.5 93.8 91.7

Ghost level 1.8 0.6 0.6
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Event 
Building

• tracks are split into events 
according to fitted track time; 

• 83 % event reconstruction 
efficiency; 

• no event splitting; 
• further input from other detector 

systems;

Geometry


