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Tracking 
detectors 

(STS + MVD)

PID detectors PID detectors PID detectors PID detectors PID detectors 
(RICH, MuCh, TRD, TOF, ECAL) 

~ 1 TB/s dataflow

Online Reconstruction in CBM
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FLES prototype: Loewe CSC Frankfurt

CBM Detector Setup

• Interaction rate up to 10 MHz     
• free-streaming data  
• self-triggered front-end electronics  
• no hardware trigger  

A+A collisions 
 at 10MHz

Mass  
storage

~ 1 GB/s dataflow

simulated AuAu UrQMD collision

CBM STS detector hits

Limited bandwidth of data storing leads to  
online event reconstruction and selection on a dedicated computer farm.

tracks reconstructed with 
4D CA Track Finder 
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Time-based 4D Reconstruction
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Hit time measurement in STS at iteration rate 10 MHzHit time measurement in STS at interaction rate 10 MHz

Events overlap on hit level

Track state vector: 
(x, y, tx, ty, q/p)   →  (x, y, tx, ty, q/p, t)

 Events 
 overlap

Events

tTime-slice

Events

Time-slice Time-sliceTime-slice
t

• Time-slices instead of event-based  reconstruction                     
• Time-based tracking: 4D measurements (x, y, z, t) 

No a-priori association of signals to physical events! 
Correct procedure of event building from time-slices is crucial for correct physics interpretation.

position slope momentum +time

n 
hi

ts

4D track reconstruction

• Interaction rate up to 10 MHz     
• free-streaming data  
• self-triggered front-end electronics  
• no hardware trigger  
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4D Cellular Automaton (CA) Track Finder
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Efficiency, % 3D 4D 0.1MHz 4D 1MHz 4D 10MHz

All tracks 92.5 % 93.8 % 93.5 % 91.7 %

Primary high-p 98.3 % 98.1 % 97.9 % 96.2 %

Primary low-p 93.9 % 95.4 % 95.5 % 94.3 %

Secondary high-p 90.8 % 94.6 % 93.5 % 90.2 %

Secondary low-p 62.2 % 68.5 % 67.6 % 64.3 %

Clone level 0.6 % 0.6 % 0.6 % 0.6 %

Ghost level 1.8 % 0.6 % 0.6 % 0.6 %

True hits per track 92% 93 % 93 % 93%

Hits per MC track 7.0 7.0 6.97 6.70

Timeslices from CBMROOT, time-based digitisation, cluster and hit finder in STS

100 AuAu  minimum bias events at 10 AGeV

Time-based tracking performance comparable with event-by-event.

Reconstructable track:≥ 4 consecutive mcPoints  

All set: p ≥ 0.1 GeV/c  
Ghost: purity < 70%  
Clone: tracks reconstructed more than once

* Algorithm version without search for short 3-hit tracks
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4D Kalman Filter Track Fitter
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 Track fit quality is high: parameters are unbiased, errors are correctly estimated.

100 AuAu UrQMD minimum bias events at 10 AGeV, 8 STS stations 

Residual - difference between simulated and reconstructed parameter 
Pull - residual normalised by fitting error position slope momentum

+time

Track state vector: 
(x, y, tx, ty, q/p, t) 
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4D Reconstruction Chain
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Event building as a part of the CBM reconstruction chain.

Reconstructed tracks are clearly clustered 
in groups representing original events

Reconstructed 
track time
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FLES
4D CA Track Finder

4D KF Track Fitter

Event building

KF Particle Finder

Event Selection

Quality Check

Realistic 
Event  

Builder

Ideal 
Event  
Builder

4D fitted tracks: 
time + error 

physical events

4D tracks + MC 
event number 

physical events

Track  
Finder

STS hits 10MHz STS hits + reco tracks 10MHz
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Track based Event Builder

Build events with isolated collisions from continuous time-stamped data.

High rate scenario: STS hits+tracks+ mcEvent vs time

10 MHz STS time resolution: 5ns 
Strip dead time: 800 ns 

Track-based EB with STS allows to resolve  ~ 80% of collisions at 10 MHz IR 

~ 99% of collisions at <= 1 MHz IR

Multi-vertex analysis

Global tracking (ToF)

Further analysis
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Short-lived Particle Reconstruction
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FLES

4D CA Track Finder

4D KF Track Fitter

Event building

KF Particle Finder

Event Selection

Quality Check

Multi-vertex analysis

300k mbias AuAu 10 AGeV events at 10 MHz, KF Particle Finder, ideal PID, realistic event builder

Full reconstruction chain from time-slices to physics analysis.

Particle
/Case

3D 4D 10 ΜHz 
Ideal EB

4D 10 ΜHz  
Real EB

  K0s 22.9% 21.2% 21.2%

Λ 21.9% 19.8% 19.6%

 Ξ- 7.8% 6.3% 6.3%

? 10 MHz

Extreme case of 10 MHz interaction 
rate requires further input from fast 
detectors (ToF) and multi-primary 
vertex analysis
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36 CHAPTER 2. THE CBM MUON DETECTOR SYSTEM

Figure 2.14: Normalized background for different segmentation angles. We have chosen 1-degree
uniform segmentation as our baseline option.

!
Figure 2.15: Schematic representation of the signal generation process in GEM

randomly along the track. Parameters of the Landau distribution are determined with the
HEED [5] package.

• Determination of the number of secondary electrons emitted in the avalanche region for
each primary electron. Exponential gas gain distribution with a default mean gas gain of
104 is used in this step.

• Intersection of secondary electron spots with the pad structure of a module and determina-
tion of the charge arrived at each pad. The default spot radius is set to 0.6 mm as measured
for the triple-GEM detectors during beam tests. Charge arrival time is calculated from
the Monte-Carlo point time plus the primary electron drift time: t = d/v (d -distance
travelled by the primary electron towards the avalanche region, v - drift velocity, v = 100
micro-m/ns by default).

• Time-dependent summation have been performed for charges from all Monte-Carlo points
pad-by-pad and conversion of the charge-vs-time distribution has beed done to get the
timing response of the foreseen MUCH readout electronics. Timing response on a delta-
function-like charge from secondary electrons is simulated by the linear peaking period of 20
ns and the falling edge described as an exponential decrease with 40 ns slope. Response to
several delta-function-like charge signals is described as a convolution in time of responses
from several delta-functions. Random noise of the readout electronics is also added at this
step.

• Application of the threshold to the readout response and determination of the time stamp
(a moment when the response exceeds the threshold value): The charge information is

Much  setup (SIS100/300(??)) 

60 (C+Pb) + 20 Fe + 20 Fe + 30 Fe + 35 Fe + 100 Fe (cm) 
30 cm gap between 2 absorbers 

LMVM @ SIS100 + ToF 
LMVM @ SIS300 + ToF 

J/ψ @ SIS100-300 + ToF 

STS 

ToF 

4 AGeV 8 AGeV 

60 (C +Pb) + 20 Fe + 20 Fe + 30 Fe + 35 Fe + 100 Fe (cm)
                                                         TOF                                                    

A B

Muon Chamber (MUCH)

9

Towards Global CA Track Reconstruction
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Track Propagation: MuCh Absorber Material

• Material map for MuCh detector 
• Multiple scattering: adding process noise in thick material with 

Highland-Lynch-Dahl formula  
• Energy loss due to ionization (Bethe-Bloch formula)

Time-based tracking performance comparable with event-by-event.

v15c_SIS100-C_gemtrd: 12 layers of MuCh, carbon and iron absorbers

layer layer

MUCH Material Budget Map

Muon Detector Setup

• Extend existing fast and parallel CA track finder 

to other detector systems for online 

reconstruction 

• mCBM needs tracking algorithm for complete 

mCBM detector system 

• Easier alignment procedure due to independent 

reconstruction in detector sub-systems

• Straight line track propagation  

• Thick absorber material 

• No straightforward momentum 
estimate

Motivation

Algorithm adaptation
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CA Global Track reconstruction: STS+TRD
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AllSet Efficiency vs Momentum

STS + TRD STS

All tracks 
efficiency 83.4 % 91.9 %

Clone level 2.3 % 2.8 %

Ghost level 8.5 % 6.0 %

True hits per 
track 70.5 % 85.5 %

mcPoints per 
mcTrack 9.50 6.93

Hits per 
mcTrack 9.23 7.10

Tracks per 
event 383.5 374.6

mbias UrQMD AuAu 10 AGeV events

CA Global Track Finder Performance Preliminary:

On the way to include TRD and ToF detectors to 4D track reconstruction

• MC momentum is used in the area of no 
magnetic field 

• to be replaced with realistic estimate from the 
deflection angle in the magnetic field
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Reconstructable track:≥ 4 consecutive mcPoints  

All set: p ≥ 0.1 GeV/c  
Ghost: purity < 70%  
Clone: tracks reconstructed more than once

STS + TRD

STS
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CA Global Track Reconstruction: STS+MuCh
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Kalman Filter Track fit quality at the 1st hit position (STS + MuCh)

On the way to include MuCh and ToF detectors to 4D track reconstruction
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Summary and Outlook
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• Time-based reconstruction chain for CBM has been developed 

• It includes CA track finder, KF track fit, event builder and KF Particle Finder 

• The CA and KF track reconstruction is being extended to all detector sub-systems for 
global track reconstruction 

• Adding of time information from other detector systems to 4D analysis is in progress 

Outlook: 

• Switch to realistic momentum estimate for global track reconstruction in zero magnetic 
field area 

• Add ToF detector to the global track reconstruction and event building 

• Include ToF information and switch to realistic PID 

• Multi-vertex analysis 
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Momentum Estimate in MUCH
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Momentum based on  
the slope of a straight track: *

* estimate used in HERA-B

(assuming primary track)

target

magnet

no field

triplet slope

field integral track slopes

triplets in MUCH can be binned based on the momentum estimate

to be implemented…


