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• CBM experiment: physics case and challenges. 
• Event based physics observable performance: 

- strange particles; 
- dileptons; 
- open charm; 
- collective effects. 

• Full event topology reconstruction. 
• Time-based reconstruction: 

- time-based track reconstruction; 
- time-based track fit; 
- time-based short-lived particle reconstruction.
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Tasks of the CBM experiments
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The Compressed Baryonic Matter Experiment at FAIR

The CBM Collaboration, January 2015

Substantial experimental and theoretical e↵orts worldwide are devoted to explore the phase di-
agram of strongly interacting matter. At top RHIC and LHC energies, QCD matter is studied at
very high temperatures and very low net-baryon densities. For larger net-baryon densities and lower
temperatures, it is expected that the QCD phase diagram exhibits a rich structure such as a criti-
cal point, a first order phase transition between hadronic and partonic matter, or new phases like
quarkyonic matter. The discovery of these landmarks would be a breakthrough in our understanding
of the strong interaction, and, therefore, is in the focus of various high-energy heavy-ion research
programs. The Compressed Baryonic Matter (CBM) experiment at FAIR will play a unique role in
the exploration of the QCD phase diagram in the region of neutron star core densities, because it is
designed to run at unprecedented interaction rates. High rate operation is the key prerequisite to
measure rare diagnostic probes which are sensitive to the dense phase of the nuclear fireball, such
as multi-strange hyperons, lepton pairs, and particles containing charm quarks, with high preci-
sion and statistics. Most of these observables will be studied for the first time in the FAIR energy
range. The start version of the CBM setup is very well suited to perform an internationally unri-
valed nuclear-matter research programme with a substantial discovery potential using beams from
SIS100. The experimental exploration of strongly interacting matter at ultra-high baryon densities
will be extended towards higher beam energies with the full version of the CBM detector system
using high-intensity beams from SIS300.

I. PROBING QCD MATTER WITH HEAVY-ION
COLLISIONS

High-energy heavy-ion collision experiments provide
the possibility to create and investigate extreme states
of strongly-interacting matter in the laboratory. Fig-
ure 1 illustrates the conjectured phases of nuclear matter
and their boundaries in a diagram of temperature versus
baryon chemical potential [1]. In experiments at LHC
and top RHIC energies, matter is produced at very high
energy densities with equal numbers of particles and an-
tiparticles, i.e. at almost zero baryon chemical poten-
tial. After hadronization, the fireball finally freezes out
chemically at a temperature of 155 - 165 MeV [2]. This
temperature coincides with the critical temperature pre-
dicted by Lattice QCD calculations for a chiral phase
transition [3, 4] which is found to be a smooth crossover
from partonic to hadronic matter [5]. Lattice QCD cal-
culations for finite baryon chemical potential are still in
their infancy, and are not yet able to make firm predic-
tions on possible phase transitions at high net-baryon
densities. On the other hand, model calculations predict
structures in the QCD phase diagram at large baryon
chemical potentials, like a critical endpoint followed by a
first order phase transition [6]. Moreover, new phases are
predicted, such as quarkyonic matter which can be con-
sidered as a Fermi gas of free quarks, with all thermal and
Fermi surface excitations permanently confined [7]. The
experimental discovery of these landmarks and regions in
the QCD phase diagram would be a major breakthrough
in our understanding of the properties of strongly inter-
acting matter at extreme conditions, with fundamental
consequences for our knowledge on the structure of neu-
tron stars, chiral symmetry restoration, and the origin of
hadron masses.

FIG. 1. Sketch of the phase diagram for nuclear matter.
Taken from [1].

II. EXPERIMENTS EXPLORING HIGH
NET-BARYON DENSITIES

Pioneering heavy-ion experiments have been per-
formed at AGS in Brookhaven [8] and at low CERN-SPS
beam energies [9] in order to explore the QCD phase
diagram at large baryon-chemical potentials. Due to
the available detector technologies at that time these
measurements were restricted to abundantly produced
hadrons. At the CERN-SPS, the NA61/SHINE experi-
ment continues to search for the first-order phase tran-
sition using light and medium size beams [10]. This de-
tector setup is limited to reaction rates of about 80 Hz.
The STAR collaboration at RHIC plans a second beam
energy scan to improve the statistical significance of the
data taken in the first series of measurements [11]. How-
ever, the reaction rates at RHIC drop down to a few Hz
when decreasing the beam energies below

p
sNN=8 GeV.

Neither STAR at RHIC nor NA61 at SPS will be able to
run at beam energies of 10 A GeV and less. At the Joint

Baryonic matter Water

CBM physics case: 
• hadronic-partonic and (or) chiral phase transition at 

high baryon chemical potential and search for the 
critical endpoint;  

• equation of state of nuclear matter and degrees of 
freedom at these densities;  

• hypernuclei and heavy multi-strange objects, if 
such objects exist;  

• properties of hadrons in dense baryonic matter and 
the possible modification of them;  

• charm production at threshold beam energies and 
charm properties in dense baryonic matter. 

Main physics observables: 
• the excitation function of yields, spectra, 

and collective flow of: 
- strange particles; 
- particles with charm quarks; 
- dileptons. 

• in-medium mass distribution of vector 
mesons; 

• event-by-event fluctuations of conserved 
quantities; 

• hypernuclei, strange dibaryons and heavy 
multi-strange short-lived objects. 
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Challenges in CBM
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MVD

STS

Magnet

MuChRICH

ToF

ECAL

PSD
TRD

Target

• CBM — future f ixed-target heavy-ion 
experiment at FAIR, Darmstadt, Germany. 

• 105-107 collisions per second. 

• Up to 1000 charged particles/collision. 

• Free streaming data. 

• No hardware triggers.  

• On-line time-based event reconstruction and 
selection is required in the first trigger level. 

• Triggering is required on extremely rare probes 
(like one Ω̅+ per 106 collisions).

• On-line reconstruction at the on-line 
farm with 60000 CPU equivalent cores. 

• High speed and efficiency of the 
reconstruction algorithms are required. 

• The algorithms have to be highly 
parallelised and scalable. 

• CBM event reconstruction: Kalman Filter  
and Cellular Automaton.

π+

Κ+

p

Ω+ Λ

Olga Bertini, HK 9.2 Mo 17:00 
Jörg Lehnert, HK 30.1 Mi 16:45



28 March 2017 Maksym Zyzak, DPG, Münster /22 

KF Particle Finder block-diagram

5

Dileptons

Charmonium 
J/ψ → e+ e-   
J/ψ  → µ+ µ-  

Low mass 
vector mesons 
ρ  → e+ e-   
ρ  → µ+ µ-   
ω  → e+ e-   
ω  → µ+ µ-   
ϕ → e+ e-    
ϕ → µ+ µ-   

Gamma 
γ  → e+ e-  

Gamma-decays 
π0  → γ γ 
η → γ γ  

Charged particles: e±, µ±, π±, K±, p±, d±, 3He±, 4He±

Open-charm

Open-charm 
resonances 

D*0  → D+ π- 

D̅*0  → D- π+ 

D*+  → D0 π+  

D*-  → D̅0 π- 

Open-charm 
particles 

D0 → K- π+   

D0 → K- π+ π+ π-   

D̅0  → K+ π- 

D̅0 → K+ π+ π- π-   

D+ → K- π+ π+  

D- → K+ π- π-   

Ds
+ → K+ K- π+ 

Ds
- → K+ K- π- 

Λc
+ → p K- π+ 

Λ̅c
- → p̅ K- π+

Hypermatter

Heavy multi-
strange objects 

{ΛΛ} → Λ p π- 
  

{Ξ0Λ} → Λ Λ

Hypernuclei 
{Λn} → d+ π-  
{Λ̅n̅} → d- π+  
{Λnn} → t+ π- 

{Λ̅n̅n̅} → t- π+ 

3ΛH → 3He π-    
3ΛH̅ → 3He π+    
4ΛH → 4He π-    
4ΛH̅ → 4He π+    

4ΛHe → 3He p π-   
4ΛHe → 3He p̅ π+   
5ΛHe → 4He p π-   
5ΛHe → 4He p̅ π+  

Strange particles

K*+ → K+ π0  

K*- → K- π0   

K*0 → K0 π0   

Σ*0 → Λ π0    

Σ̅*0 → Λ̅ π0    

Ξ*- → Ξ- π0     

Ξ̅*+ → Ξ̅+ π0   

Ξ*0  → Ξ- π+  

Ξ̅*0  → Ξ̅+ π-  

Ω*-  → Ξ- K- π+  
Ω̅*+  → Ξ̅+ K+ π- 

K*+ → K0
s π+   

K*-  → K0
s π-   

Σ*+  → Λ π+   

Σ̅*-  → Λ̅ π-    

Σ*-  → Λ π-    

Σ̅*+  → Λ̅ π+   

Ξ*-  → Λ K-   

Ξ̅*+  → Λ̅ K+  

K*0  → K+ π- 

K̅*0  → K- π+ 

ϕ  → K+ K-    
Λ*  → p K-  
Λ̅*  → p̅ K+ 

K0
s → π+ π- 
 

K+
 → µ+ νµ 
  

K-
 → µ- ν̅µ 
   

K+
 → π+ π0 
  

K-
 → π- π0 
   

Λ  → p π-   
Λ̅ → p̅ π+    
Σ+

 → p π0 
   

Σ̅-
 → p̅ π0 
    

Σ+
 → n π+ 
   

Σ̅-
 → n̅ π- 
    

Σ-
 → n π- 
    

Σ̅+
 → n̅ π+
   

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+   

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+   

Ω-  → Λ K-  

Ω̅+ → Λ̅ K+  

Ω-  → Λ K-  

Ω̅+ → Λ̅ K+  

Ω-  → Ξ0 π-  

Ω̅+ → Ξ̅0 π+ 

Σ+ → p π0    

Σ̅- → p̅ π0     

Σ0 → Λ γ    

Σ̅0 → Λ̅ γ    

Ξ0 → Λ π0    

Ξ̅0 → Λ̅ π0   

Strange resonances
Double-Λ 

hypernuclei 
4ΛΛH → 4ΛHe π-   
4ΛΛH → 3ΛH p π-   
5ΛΛH → 5ΛHe π-   
4ΛΛHe → 5ΛHe p π+

π+ → µ+ νµ    
π- → µ- ν̅µ     
ρ → π+ π-      
Δ0  → p π-   
Δ̅0  → p̅ π+   
Δ++  → p π+ 

Δ̅--  → p̅ π- 

Neutral particles: νµ, ν̅µ, π0, n, n̅, Λ, Λ̅, Ξ0, Ξ̅0

Light mesons 
and baryons
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PID in CBM
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Combined ToF-TRD PID

PID detectors: 
• ToF (Time of Filght) — hadron identification; 
• RICH (Ring Imaging CHerenkov detector) — electron 

identification; 
• TRD (Transition Radiation detector) — electron and 

heavy fragments identification. 

PID detectors of CBM will allow a clear identification of 
charged tracks.

ToF: hadron identification

pp̅

K+K-

π+ (µ+,e+) (µ-,e-) π-

RICH: hadron identification

e

π

Viktor Klochkov, HK 2.3 Mo 17:30 
Etienne Bechtel, HK 2.6 Mo 18:15
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Reconstruction of strange particles
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εmethod, % 71.5 65.4 66.5 48.0 44.5 45.4
ε4π, % 24.9 27.0 17.0 12.8  6.7  5.5
S/B  2.5  8.2  4.1 16.4 21.8 91.9

Mathematically correct procedures allow to collect spectra with 
high efficiency and signal to background ratio.

AuAu, 10 AGeV, 5M central UrQMD events, realistic PID, event-based

Iouri Vassiliev, HK 47.2 Do 17:15 
Pavel Kisel, HK 58.3 Fr 14:45 
Hamda Cherif, HK 47.8 Do 18:45
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Dilepton reconstruction
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Dimuon spectra for low mass vector mesons Dielectron spectra for low mass vector mesons

Florian Seck, HK 40.5 Do 15:00 
Ievgenii Kres, HK 21.3 Di 14:45
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Open charm reconstruction
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D0+D0 D++D- Ds
+ Λc

+ 

decay channel K-π+ K-π+ π+ K-K+ π+ p K-π+ 

MSM (J.Cleymans) 4.5·10-6 2.2·10-6 1.1·10-6 3.6·10-6 

BR(%) 3.8 9.5 5.3 5.0 
geo. acc.(%) 30 40 33 70 

z-resolution (µm) 40  48  50 60  

total eff. (%) 1.8 2.3  0.5 0.05  
σm (MeV/c2) 12 ~12 ~12 ~12 

S/B2σ 0.8/0.4 - - - 
Yield/10 weeks, 0.3 MHz IR 1620 2620 160 50 

Open charm reconstruction: 
• Fast tracking (STS) + decay daughter identification (ToF) 
• Displaced vertex reconstruction (MVD) 
• Topology reconstruction algorithm (KF Particle Finder) 

Physics case at SIS100 energy: 
Proton beams up to 30 GeV 
• Excitation function of charm (production mechanism) 
• Charm propagation in cold nuclear matter 
Light nuclei (Ni) beams up to 15 GeV 
• Charm production & propagation in hot nuclear matter 

In 10 weeks: 1620 D0 at 0.3 MHz IR
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Extraction of the signal spectra
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Background subtraction Multi-differential analysis

Signal (by MC info)

- Signal 
- BG subtraction 
- Multi-differential

- Signal 
- BG subtraction 
- Multi-differential

- Signal 
- BG subtraction

- Signal 
- BG subtraction

Extracted spectra for Λ hyperon in 5M central AuAu UrQMD events at 10 AGeV

• Several independent methods for the signal spectra extraction are implemented. 

• Methods show similar results. 

• The signal distributions are nicely described by the extracting spectra.

Iouri Vassiliev, HK 47.2 Do 17:15 
Pavel Kisel, HK 58.3 Fr 14:45
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Reconstruction of collective effects
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3
Blinov / Selyuzhenkov    CBM performance for charged hadron �ow measurements
29/09/2016                     CBM Collaboration Meeting 3

● Initial spatial asymmetry leads to asymmetry in momenta

● Reaction plane has to be estimated via measured angular distributions

→ spectators and produced particles can be used for the RP estimates

Collision geometry and the transverse anisotropic flow

Impact parameter

beam

Flow coefficients

φ - azimuthal angle

Ψ
RP

 reaction plane angle

Projectile spectator detector 27

, GeV/c
T

p
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{EP PSD}2v

=10 AGeV  b=6-8 fmbAu+Au E
UrQMD 3.3

<0.2
projectile

y/yprotons: 

Fig. 17: Proton v2 versus pT reconstructed with the PSD event plane for one million Au+Au collisions gener-
ated with the UrQMD model. The proton v2 calculated using the reaction plane orientation from Monte-Carlo,
v2 {YRP}, is compared with its estimate, v2 {EP PSD}, based on the blind (real-data-like) analysis using only
simulated detector signals and the PSD event plane. Protons were selected around midrapidity: |y/yprojectile|< 0.2.

W� vs. pT and rapidity. Figure 19(left) compares the shape of the pT yield of proton, L, and W�

reconstructed using CBM sub-detectors for
��y/yprojectile

�� < 0.2. Within statistical errors the shapes are
rather similar except of pT < 0.5 GeV/c. For the v2 error projections we can assume a common shape of
the pT yield and use the scaling factors shown in the legend of Fig. 19(left) as an estimate of the relative
yields between proton, L, and W�.
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Fig. 18: Proton (L and W�) double differential yield per event vs. pT and center of mass rapidity normalized to
yprojectile =1.57 (lab rapidity, ylab). Panels (from left to right) show yield of proton, L, and W�. Results are for
Au+Au collisions at Eb = 10 AGeV with b = 6�8 fm simulated with the UrQMD v3.3 event generator.

We used the following equation for error projections based on proton v2 simulations with one million
Au+Au collisions shown in Fig. 17 (projected relative error vs. pT is denoted as rDv2,X(pT)):

rDv2,X(pT) =
Dv2,p(pT)

vp
2(pT)

⇥

s
YX(pT)⇥NX

ev
Yp(pT)⇥N p

ev
. (8)

Here:

– Dv2,p/vp
2(pT) is the relative statistical error of the proton v2 at a given pT (taken from Fig. 17);

11.10.2016 ICPPA 2016, Moscow 18

Extract model parameters with MC-Glauber

Impact parameter distribution 
in different centrality classes

Average impact parameter vs centrality

Extracted model parameters with MC-Glauber (both width and mean) are consistent with 
simulated DCM-QGSM values using multiplicity for centrality classes determination. 
For peripheral (>50%) collisions small difference for mean is observed.

bars indicate σ
b

Reconstructed impact parameter 
is consistent with simulated values

Reconstructed proton v2 is 
consistent with simulated values

Correlation of the simulated impact parameter (bMC) 
and track multiplicity allow reconstruction of b
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Reconstruction quality
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AuAu, 10 AGeV, 5M central UrQMD events, realistic PID

• The fit quality is demonstrated at Λ hyperon. 
• Y and Z components are similar to X. 
• Correct mathematics, as a result, correct pulls 

(unbiased, width about 1), χ2 and flat prob (p-
value) distributions. 

• High quality of the reconstruction allow to 
perform the detector tomography. 

• The vertices on the stations are due to the 
interaction of the primary particles with the 
material.
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Physics coverage
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Dileptons

Charmonium 
J/ψ → e+ e-   
J/ψ  → µ+ µ-  

Low mass 
vector mesons 
ρ  → e+ e-   
ρ  → µ+ µ-   
ω  → e+ e-   
ω  → µ+ µ-   
ϕ → e+ e-    
ϕ → µ+ µ-   

Gamma 
γ  → e+ e-  

Gamma-decays 
π0  → γ γ 
η → γ γ  

Charged particles: e±, µ±, π±, K±, p±, d±, 3He±, 4He±

Open-charm

Open-charm 
resonances 

D*0  → D+ π- 

D̅*0  → D- π+ 

D*+  → D0 π+  

D*-  → D̅0 π- 

Open-charm 
particles 

D0 → K- π+   

D0 → K- π+ π+ π-   

D̅0  → K+ π- 

D̅0 → K+ π+ π- π-   

D+ → K- π+ π+  

D- → K+ π- π-   

Ds
+ → K+ K- π+ 

Ds
- → K+ K- π- 

Λc
+ → p K- π+ 

Λ̅c
- → p̅ K- π+

Hypermatter

Heavy multi-
strange objects 

{ΛΛ} → Λ p π- 
  

{Ξ0Λ} → Λ Λ

Hypernuclei 
{Λn} → d+ π-  
{Λ̅n̅} → d- π+  
{Λnn} → t+ π- 

{Λ̅n̅n̅} → t- π+ 

3ΛH → 3He π-    
3ΛH̅ → 3He π+    
4ΛH → 4He π-    
4ΛH̅ → 4He π+    

4ΛHe → 3He p π-   
4ΛHe → 3He p̅ π+   
5ΛHe → 4He p π-   
5ΛHe → 4He p̅ π+  

Strange particles

K*+ → K+ π0  
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Σ̅*0 → Λ̅ π0    

Ξ*- → Ξ- π0     

Ξ̅*+ → Ξ̅+ π0   

Ξ*0  → Ξ- π+  
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Ω̅*+  → Ξ̅+ K+ π- 
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Σ̅*-  → Λ̅ π-    

Σ*-  → Λ π-    

Σ̅*+  → Λ̅ π+   

Ξ*-  → Λ K-   

Ξ̅*+  → Λ̅ K+  

K*0  → K+ π- 

K̅*0  → K- π+ 

ϕ  → K+ K-    
Λ*  → p K-  
Λ̅*  → p̅ K+ 

K0
s → π+ π- 
 

K+
 → µ+ νµ 
  

K-
 → µ- ν̅µ 
   

K+
 → π+ π0 
  

K-
 → π- π0 
   

Λ  → p π-   
Λ̅ → p̅ π+    
Σ+

 → p π0 
   

Σ̅-
 → p̅ π0 
    

Σ+
 → n π+ 
   

Σ̅-
 → n̅ π- 
    

Σ-
 → n π- 
    

Σ̅+
 → n̅ π+
   

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+   

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+   

Ω-  → Λ K-  

Ω̅+ → Λ̅ K+  

Ω-  → Λ K-  

Ω̅+ → Λ̅ K+  

Ω-  → Ξ0 π-  

Ω̅+ → Ξ̅0 π+ 

Σ+ → p π0    

Σ̅- → p̅ π0     

Σ0 → Λ γ    

Σ̅0 → Λ̅ γ    

Ξ0 → Λ π0    

Ξ̅0 → Λ̅ π0   

Strange resonances
Double-Λ 

hypernuclei 
4ΛΛH → 4ΛHe π-   
4ΛΛH → 3ΛH p π-   
5ΛΛH → 5ΛHe π-   
4ΛΛHe → 5ΛHe p π+

π+ → µ+ νµ    
π- → µ- ν̅µ     
ρ → π+ π-      
Δ0  → p π-   
Δ̅0  → p̅ π+   
Δ++  → p π+ 

Δ̅--  → p̅ π- 

Neutral particles: νµ, ν̅µ, π0, n, n̅, Λ, Λ̅, Ξ0, Ξ̅0

Light mesons 
and baryons
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Main physics observables are covered by the  
event based CBM reconstruction
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Competition between particle candidates

14

K0s

K0s

γ

γ

Λ

Λ

γ

K0s Λ

AuAu, 10 AGeV, 10k mbias UrQMD events, realistic PID

secondary + primary

primaryprimary

• Idea: full event topology reconstruction in CBM. 
• Primary particles are of the main physics interest. 
• For reduction of the background a competition between Κ0s and Λ candidates is organized 

based on the topology reconstruction and mass hypothesis.
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Competition between Κ0s and Λ: Λ spectrum

15
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- Primary and secondary particles 
- Primary particles 
- Primary after competition 
- Physics background (K0s + γ)

S/B = 11.7

S/B = 120
S/B = 175

Λ → p π-

σ = 1.5 MeV/c2

AuAu, 10 AGeV, 10k mbias UrQMD events, realistic PID

• Topological cut allow to decrease the combinatorial background several times.  
• Dominant background — misidentified Κ0s and γ. 
• Competition between Κ0s and Λ candidates is organized: if both candidates are constructed and 

at least one lies within 3σ from the corresponding peak, only the closest candidate is stored.
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Full event topology reconstruction for physics analysis

16

Full event topology reconstruction → clean probes of collision stages.
Ivan Kisel, Uni-Frankfurt, FIAS, GSI Conf12, Thessaloniki, Greece, 01.09.2016      /20 

Clean Probes of Collision Stages

17

AuAu, 10 AGeV, 5M central UrQMD events, realistic PID
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Messengers from the dense fireball: 
CBM at SIS100  

 

UrQMD transport calculation  Au+Au 10.7 A GeV 

Ξ-, Ω-, φ 

e+e-, μ+μ- 

p, Λ, Ξ+, Ω+, J/ψ π, K, Λ, ... 

resonance decays 
e+e-, μ+μ- e+e-, μ+μ- 

The measurement of very low production rates  
requires extremely high reaction rates ! 

Full event topology  
reconstruction

M. Zyzak

AuAu, 10 AGeV, 10K mbias UrQMD events, realistic PID

02 September 2016 Maksym Zyzak, GSI Group Meeting /10 
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Competition between Κ0s and Λ: Κ0s spectrum, with PID

8

- Primary and secondary particles 
- Primary particles 
- Primary after competition 
- Physical background (Λ + γ)

S/B = 4.0

S/B = 22.5
S/B = 89.3

K0s → π+ π-

σ = 3.5 MeV/c2

• PID allows to decrease biased background from Λ. 
• Pion channel — final S/B ratio is similar to the case without PID.

1%

AuAu, 10 AGeV, 10k mbias UrQMD events, RICH, TRD and TOF PID

02 September 2016 Maksym Zyzak, GSI Group Meeting /10 
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Competition between Κ0s and Λ: Λ spectrum, with PID

9

- Primary and secondary particles 
- Primary particles 
- Primary after competition 
- Physical background (K0s + γ)

S/B = 11.7

S/B = 120
S/B = 175

Λ → p π-

σ = 1.5 MeV/c2

AuAu, 10 AGeV, 10k mbias UrQMD events, RICH, TRD and TOF PID

• No biased background within the current statistics. 
• Proton PID allow to increase S/B ratio: without PID — 104, with PID — 175.

Topology

Topology
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Time-based event reconstruction

17

• The beam will have no bunch structure, but 
continuous. 

• Free streaming data. 
• Measurements in this case will be 4D (x,y,z,t). 
• Reconstruction of time slices rather than events 

will be needed.

Events

tTime Slice

Reconstructed tracks clearly represent groups, which correspond to the original events

100 AuAu mbias events at 10 AGeV at 107 Hz

Reconstructed tracks

Input hits

Reconstructed tracks - zoom

HitsTracks
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4D Track reconstruction with the CA Track Finder

18

Efficiency 3D 4D, 10 MHz

All tracks 92.5 91.7

Primary, high p 98.3 96.2

Primary, low p 93.9 94.3

Secondary, high p 90.8 90.2

Secondary, low p 62.2 64.3

Clone level 0.6 0.6

Ghost level 1.8 0.6

Parallelism inside a time-slice, 100 mbias events 
in a time-slice

Total time - 849 ms

Total time - 84 ms

Intel E7-4860 @ 2.27 GHz with 
Hyper-Threading technology

• The full chain for the time-based simulation and reconstruction is implemented for the STS detector. 

• The 4D CA track finder is developed. 

• The 4D CA track finder shows practically the same efficiency as the 3D track finder. 

• It is fast and scalable.

Valentina Akishina, HK 12.5 Di 12:15
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4D track fit

19

(x, y, tx, ty, q/p)   →  (x, y, tx, ty, q/p, t)

Time is added to the track fit: 
• The vector of parameters and its covariance matrix are extended with time. 
• Propagation and Kalman filter are extended to take time into account. 
• Fit shows correct results: high resolution and pulls close to 1.
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Sigma     0.004± 1.135 

Valentina Akishina, HK 12.5 Di 12:15
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4D physics analysis

20
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• 4D reconstruction chain from hit production to physics analysis level is established. 
• Ideal (Monte Carlo) PID is used for track identification.  
• Particle reconstruction performance is stable up to 1 MHz interaction rate. 
• Investigation of the events overlapping in time is in progress. 
• Extreme case of 10 MHz interaction rate will require further include of the information from fast 

detectors (ToF) and multi primary vertex analysis.
Valentina Akishina, HK 12.5 Di 12:15
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Summary and outlook

21

• Reconstruction on the event-by-event level in CBM is fully established. 

• Main physics observables are covered, reconstruction procedures demonstrate high 
quality. 

• Full event topology reconstruction is under development. 

• Time-based 4D track finder, track fitter and event builder are further developed. 

• 4D reconstruction is efficient, fast and scalable. 

• Time-based physics analysis is under development. 

• Time-based PID and multi primary vertex analysis are in progress.
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Reconstruction related talks

22

Talks: 
• HK 2.3 Mo 17:30 Viktor Klochkov, “Performance of charged pions, kaons, protons and their anti-particles identification 

 in the CBM experiment”  
• HK 2.6 Mo 18:15 Etienne Bechtel, “Performance studies for electron measurement with the CBM-TRD”  
• HK 9.5 Mo 18:00 Hanna Malygina, “Hit position error estimation for the CBM Silicon Tracking System”  

• HK 12.2 Di 11:30 Artemiy Belousov, “Geometry independent Kalman filter based track fit” 
• HK 12.5 Di 12:15 Valentina Akishina, “Performance of 4-Dimensional Cellular Automaton Track Finder in CBM” 
• HK 21.3 Di 14:45 Ievgenii Kres, “Reconstruction of neutral pions at CBM-RICH detector via conversion” 
• HK 33.3 Mi 17:30 Timur Ablyazimov, “Time based track reconstruction in the CBM experiment” 
• HK 33.4 Mi 17:45 Grigory Kozlov, “Speed up approaches in the Cellular Automaton (CA) track finder”  
• HK 40.5 Do 15:00 Florian Seck, “Thermal dilepton emission as a fireball probe” 
• HK 47.2 Do 17:15 Iouri Vassiliev, “Multi-strange Hyperons and Hypernuclei reconstruction at the CBM experiment” 
• HK 47.8 Do 18:45 Hamda Cherif, “Online reconstruction of multi-strange hyperons with the CBM experiment” 
• HK 58.3 Fr 14:45 Pavel Kisel, “Reconstruction of short-lived particles with neutral daughter by the missing mass  

 method”  

Posters: 
• HK 27.24 Di 16:45 Daniel Giang, Frankfurt University, “Performance studies for J/Psi measurements in p+A collisions  

 with CBM” 
• HK 27.24 Di 16:45 Susovan Das, Tübingen University, “Track-based Misalignment Corrections for the CBM Silicon  

 Tracking Detector”


