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CBM: High Interaction Rate Challenge

2

Compressed Baryonic Matter @ FAIR: 
high net baryon density, moderate T

• investigation of the baryonic matter phase diagram 
• in the laboratory recreate compressed matter in A+A 

collisions at 2-14 AGeV 
• particle production is sensitive to different stages of 

the collision and states of the baryonic matter

program 
complementary  

to RHIC, LHC, NICA

Status of the CBM experiment at FAIR

P. Senger for the CBM Collaboration
GSI Darmstadt

Observables
The Compressed Baryonic Matter (CBM) experiment is

designed to explore the QCD phase diagram in the region
of high net-baryon densities using rare diagnostic probes.
The layout of the CBM detectors is driven by the corre-
sponding experimental requirements concerning reaction
rates, radiation tolerance, particle densities, and selectiv-
ity. The experimental challenges are illustrated in Fig. 1,
which depicts the yield of various particle species produced
in central Au+Au collisions at 25A GeV. The yield is de-
fined as the product of particle multiplicity times branching
ratio for the decay products under consideration, e.g. the
di-leptonic decay of vector mesons (�, �, �, J/�) and the
hadronic decay of open charm (D mesons). Note that the
particle yield per collision spans 13 orders of magnitude
with leptons and hadrons in the exit channel, embedded in
about 800 charged particles. Multi-strange hyperons, vec-
tor mesons and charmed particles will be measured for the
first time at FAIR energies with CBM, which therefore has
a substantial discovery potential.

Figure 1: Particle multiplicities times branching ratio for
central Au+Au collisions at 25A GeV as calculated with
the HSD transport code and the statistical model. For the
vector mesons (�, �, �, J/�), the decay into lepton pairs
was assumed, for D mesons the hadronic decay into kaons
and pions.

Selected R&D activities for CBM
The CBM SC dipole magnet has a large aperture (gap

height 130 cm, gap width 160 cm) in order to host the Sil-

icon Tracking System (STS). The last STS station exhibits
a height of about 120 cm including its front-end boards and
the thermal enclosure. In beam direction, the magnet yoke
is very compact (length 100 cm) in order to achieve a polar
angle acceptance of ±25�. The engineering design of the
magnet is in progress.

The precise determination of the secondary decay ver-
tices of charmed particles requires a highly-granulated,
fast, radiation-hard, and low-mass detector system. The
CBM Micro-Vertex Detector (MVD) consists of silicon
pixel stations, which are based on ultra-thin Monolithic Ac-
tive Pixel Sensors (MAPS). In 2010, sensors could be pro-
duced with a high-resistivity CMOS process, resulting in
a high signal-to-noise value even after irradiation with an
integrated neutron dose of 1013neq/cm2. Further improve-
ments are expected with smaller feature size. A prototype
read-out-system and a mechanical detector design were de-
veloped.

The CBM Silicon Tracking System (STS) is based on
double-sided micro-strip sensors. Large-area prototype de-
tectors with outer dimensions of 6.2 cm by 6.2 cm and 1024
AC-coupled strips per side were produced. The front and
back side strips are inclined by a stereo angle of 15�. Short
strips in the sensor corners are interconnected to a strip in
the opposite corner via a second metallization layer. The
sensors will be used to build a demonstrator ladder. Fur-
ther double-sided micro-strip test sensors with new radia-
tion tolerant structures were designed.

The sensors are read out via low-mass cables of up to
50 cm length in order to keep the active area of the detec-
tor free of electronics. The cables consist of micro-line-
structured aluminium layers on polyimide carrier foils.

Two prototype Silicon tracking stations consisting of
double-sided silicon micro-strip sensors, ultra-thin readout
cables, and self-triggering readout electronics were suc-
cessfully tested at COSY with a 3 GeV proton beam. De-
tailed simulations were performed in order to understand
the expected radiation damage in the sensors. The layout of
the detector stations, i.e. the number and size of the sensors
mounted on the vertical ladder structures, was optimized
to reduce the number of spare parts while preserving the
tracking performance.

The RICH photo-detector exhibits an active area of
2.4 m2, which is covered by multi-anode photomultipliers
(MAPMTs). Beam tests at GSI and CERN and measure-
ments with LEDs in the laboratory demonstrated that the
Hamamatsu H8500 with 64 pixels is very well suited for
the detection of single Cherenkov photons. Properties like
the quantum efficiency (with and without wavelength shift-

CBM Progress Report 2010 Overview
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Рис. 6: Очiкувана за Au+Au зiткненнях за 25 АГеВ множиннiсть (multiplicity � M) розпаду
частинок помножена на iмовiрнiсть розпаду по каналу, що реєструється (branching ratio

� BR). Результати отриманi за допомогою HSD (Hadron-String Dynamics) та статистичнiй
моделi [11].

Для досягнення повноти картини будуть проведенi усi можливi спосте-
реження: будуть спостерiгатися протон-протонi, протон-йоннi та йон-йоннi
зiткнення при енергiях у всьому доступному для FAIR дiапазонi. Напри-
клад, вивчення колективного потоку чармонiю та мультидивних гiперонiв
може пролити свiтло на створення та розповсюдження цих рiдкiсних зразкiв
у густiй барiоннiй матерiї. Схожi вимiри рiзноманiтних частинок дозволя-
ють вивчати взаємнi кореляцiї. Сукупнiсть рiзноманiтних ефектiв вiдкриває
новi перспективи для експериментального дослiдження нуклонної матерiї за
екстремальних умов. Разом з експериментом CBM наступить нова ера дослi-
джень ядерної матерiї рахунок вимiрювання дуже рiдкiсних сигналiв, що не
були дослiдженi до FAIR, таким чином CBM має унiкальний потенцiал щодо
вiдкриття нових явищ.

Експериментальнi складнощi поставлених перед CBM задач проiлюстро-
ванi на Рис. 6, де показанi виходи рiзних типiв частинок за умов Au+Au
зiткнень за 25 АГеВ. Виходи визначаються як добуток множинностi на на
iмовiрнiсть розпаду по каналам, що реєструються. Наприклад для векторних
мезонiв (⇢, !, �, J/ ) розглядається розпад на e+e� або µ+µ�. Частинки з
виходами нижче 10�2 загальновизнано називаються рiдкими спостережува-
ними, за зiткнень важких йонiв в дiапазонi енергiй FAIR ще не має жоднiєї

18

Particle multiplicity x Branching ratio

HSD and thermal model minimum bias Au+Au collisions at 25 AGeV

Driving CBM experimental 
requirements in precision  
and rates

SPS  Pb+Pb 30 AGeV 
STAR Au+Au √SNN = 7.7 AGeV

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 ! 

UrQMD transport calculation

time

CBM observables include rare probes. 
Measurement of rare probes requires extreme interaction rates.
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~ 1 TB/s dataflow

Tracking 
detectors 

(STS + MVD)

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

Online Reconstruction in CBM

3

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 at 25 AGeV

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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0. Hits

1. Segments

1 2 3 4

2. Neighbours & Counters

3. Track Candidates

4. Tracks

0. Hits (CBM)

1000 Hits

4. Tracks (CBM)

1000 Tracks

Cellular Automaton (CA) Track Finder

4

Cellular Automaton: 
• efficient and fast 
• local w.r.t. data 
• intrinsically parallel

Perfect for many-core CPU/GPU !

FLES
CA Track Finder

Hits

KF Track Fitter

Event building

KF Particle Finder

Event Selection

Quality Check

Geometry

MC

Efficiencies Histograms

1. Build cells based on the track 
model. Switch from hits to cells. 

2. Find neighbouring cells. Connect 
cells based on the track model. 
Estimate cell position on a track.  

3. Bind cells into track candidates. 
4. Select the best track candidates.

Track finding: pattern recognition problem  
Which hits in detector belong to the same track?

CA solution: combine short 
track segments instead of hits.

combinatorial task: 
time-consuming!

The CA track finder benefits from combinatorics suppression by building up short track 
segments before starting the main combinatorial enumeration. 
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CBM CA Track Finder Stages

5

4.2 Track finding 99
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4.2 Track finding 103

will be investigated in the next chapter.
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Figure 4.21: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 70.4

Primary high-p 94.9

Primary low-p 56.8

Secondary high-p 49.7

Secondary low-p 13.0

Clone level 0.3

Ghost level 0.3

MC tracks found 103

Time, ms/ev 4

Table 4.1: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.
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Figure 4.22: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 87.8

Primary high-p 95.8

Primary low-p 91.4

Secondary high-p 84.5

Secondary low-p 54.2

Clone level 0.9

Ghost level 5.6

MC tracks found 129

Time, ms/ev 6

Table 4.2: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.

Figure 4.17: Track reconstruction e�ciency as a function of track momentum and track

finder performance after the search for primary tracks with low momentum.

is calculated for di↵erent sets of tracks. First of all, the tracks are divided into two

momentum sets: high momentum (0.1GeV/c p > 1GeV/c) and low momentum

(p > 1GeV/c) tracks. Secondly, the tracks are divided into primary tracks and

the tracks, originating from short-lived particles decay points.

Let us briefly go throw the list of four CA track finder iterations, outlining the

initialization parameters used and the performance achieved after each of them.

In the very first stage the algorithm searches for high momentum primary

tracks. Since searching for almost straight tracks origination from primary vertex

is relatively easy due to smaller extrapolation errors and, thus, less combinatorics,

this iteration is relatively fast and supposed to suppers combinatorics for later

search.

The parameters, used in the stage for track estimate initialization, are re-

flecting the desired track category. The initial track position and errors in the

covariance matrix for the propagation in the magnetic field are defining the tar-

get area: x = 0, y = 0 , � x = 0.01 cm, � y = 0.01 cm, which corresponds to

a primary track. The initialization of q/p track parameter is set to zero, since

one does not know in advance the sign of particle charge, while the � q/p in

the covariance matrix is set to the value, which corresponds to the track with

momenta of about 0.75 GeV/c making the propagation errors relatively small.
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will be investigated in the next chapter.

Momentum [GeV/c]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ef
fic

ie
nc

y 
[%

]

0

20

40

60

80

100

Figure 4.21: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 70.4

Primary high-p 94.9

Primary low-p 56.8

Secondary high-p 49.7

Secondary low-p 13.0

Clone level 0.3

Ghost level 0.3

MC tracks found 103

Time, ms/ev 4

Table 4.1: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.
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Figure 4.22: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 87.8

Primary high-p 95.8

Primary low-p 91.4

Secondary high-p 84.5

Secondary low-p 54.2

Clone level 0.9

Ghost level 5.6

MC tracks found 129

Time, ms/ev 6

Table 4.2: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.

Figure 4.16: Track reconstruction e�ciency as a function of track momentum and track

finder performance after the search for primary tracks with high momentum.

where N
12

is the number of tracks reconstructed by both track finders. These

equations allow to determine the unknown e�ciencies of both track finders.

However, since the CBM experiment is not operating yet, it works with simu-

lated data and uses the Monte Carlo data the hit matching version for definition

of reconstructed track. A reconstructed track is assigned to a generated particle,

if at least 70% of its hits have been produced by this Monte Carlo particle. If

the particle is found more than once, all additionally reconstructed tracks are re-

garded as clones. A reconstructed track is called a ghost, if it can not be assigned

to any generated particle according to the 70% criterion.

The probability to reconstruct a certain particle strongly depends on its pa-

rameters, mostly momentum and the point of origin. Fast particles with large

momentum usually have straight trajectories and are almost not influenced by

the multiple scattering. On the other hand, low momentum particles not only

have more curved tracks and get randomly scattered in the detector material, but

also often leave the detector volume after few stations. Thus, small number of

hits also complicates the task of track reconstruction in this case. As far as the

point of origin is concerned, primary tracks have the advantage of the additional

measurement over secondary tracks — the target.

In order to better analyze the performance of the CA track finder, the e�ciency

4.2 Track finding 101
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Figure 4.23: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 89.2

Primary high-p 97.5

Primary low-p 92.4

Secondary high-p 86.6

Secondary low-p 54.7

Clone level 1.0

Ghost level 5.5

MC tracks found 131

Time, ms/ev 7

Table 4.3: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.
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Figure 4.24: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 90.9

Primary high-p 97.5

Primary low-p 92.6

Secondary high-p 91.1

Secondary low-p 63.8

Clone level 1.0

Ghost level 5.9

MC tracks found 134

Time, ms/ev 8

Table 4.4:

Figure 4.19: Track reconstruction e�ciency as a function of track momentum and track

finder performance after the search for tracks with missing hits due to detector ine�ciency.

second iteration the algorithm is able to reconstruct tracks with momenta till

about 0.1 GeV/c.

The third iteration is targeted to the search for secondary tracks. In order to

include the secondary tracks in the consideration the initial parameter initializa-

tion of position errors in the covariance matrix in this case is 10 times larger:

� x = 0.1 cm, � y = 0.1 cm. If one compares the track finder performance

after the iterations with the search for primary tracks with performance after the

third iteration (Fig. 4.18), one can notice the improved reconstruction e�ciency

of secondary tracks: from 84.5% to 86.6% for low momenta tracks, and from

54.2% to 54.7% for high momenta tracks.

In the last iteration the search for the track with hits not registered in the

STS due detector ine�ciency. The resulting performance is presented in the

table in Fig. 4.19. The overall reconstruction e�ciency after the last iteration

has improved by about 2%.

There is a special procedure implemented in the algorithm to suppress clones,

which merges together potentially double reconstructed tracks. Also, there is a

special extender option, which tries to extend tracks in both direction via search

for unused hits, which can be attached to the already reconstructed track. The

reconstruction performance after switching on merger and extender options is

(iteration 1) high-momentum primary tracks (iteration 2) low-momentum primary tracks

(iteration 4) broken tracks

reconstructable particle: crosses at least 4 consecutive detector stations, p > 100 MeV 
reconstructed particle: 70% hits produced by the same and only particle 
clone: particle reconstructed two times

ε = 
n reconstructed particles
n reconstructable particles
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Figure 4.23: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 89.2

Primary high-p 97.5

Primary low-p 92.4

Secondary high-p 86.6

Secondary low-p 54.7

Clone level 1.0

Ghost level 5.5

MC tracks found 131

Time, ms/ev 7

Table 4.3: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.
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Figure 4.24: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 90.9

Primary high-p 97.5

Primary low-p 92.6

Secondary high-p 91.1

Secondary low-p 63.8

Clone level 1.0

Ghost level 5.9

MC tracks found 134

Time, ms/ev 8

Table 4.4:

Figure 4.18: Track reconstruction e�ciency as a function of track momentum and track

finder performance after the search for secondary tracks.

As a result, the track finding performance after the first iteration is presented

in the table in Fig. 4.16. As one can see, since the parameter initialization is

tailored to reconstruct primary tracks with high momentum, the e�ciency for

the reconstruction of this category of tracks is of a high value – 95.8% already

after the first iteration, while the reconstruction of low momenta and secondary

tracks is not su�cient. In Fig. 4.16 the track reconstruction e�ciency dependence

as a function of track momentum is illustrating that the first iteration, due to

parameter initialization used, is able to reconstruct tracks with momentum above

0.5 GeV/c.

The main aim of the second iteration is to include the search for low momenta

primary tracks as well. That is the reason why � q/p in the covariance matrix

is initialized with 10 times higher value during this iteration. It corresponds to

the track with momenta till about 0.15 GeV/c, making the propagation errors

larger. All other parameters are used with no change at this point. The resulting

performance one can find in the table in Fig. 4.17. After the second iteration,

the reconstruction e�ciency for the low momenta primary tracks has increased

from 56.8% to 91.4%. However, the ghost and clone rate get increased as well

due to increased combinatorics. Also, one can notice the e↵ect on the reconstruc-

tion e�ciency as a function of momenta dependence in Fig. 4.17, since after the

(iteration 3) secondary tracks

Efficient and fast track reconstruction achieved due to iterative algorithm.

primary high-p 95 %

time, 4 ms/ev

primary low-p 91%

time, 6 ms/ev

secondary high-p 87 %

time, 7 ms/ev

secondary high-p 91 %

time, 8 ms/ev
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CBM CA Track Finder Efficiency

6

770 TracksTop view Front view
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Figure 4.25: Track reconstruction e�ciency as a func-

tion of track momentum after the search for tracks with

missing hits due to detector ine�ciency.

Track category E↵, %

All tracks 90.9

Primary high-p 97.5

Primary low-p 92.6

Secondary high-p 91.1

Secondary low-p 63.8

Clone level 0.4

Ghost level 5.9

MC tracks found 134

Time, ms/ev 10

Table 4.5: Track finder

performance after the search

for tracks with missing hits

due to detector ine�ciency.

Figure 4.20: Track reconstruction e�ciency as a function of track momentum and track

finder performance after merging clones.

presented in the table in Fig. 4.20. The clone level has decreased in more than

two times from 1.0% to 0.4% after switching the merger option on.

The results of the CBM CA track finding performance test for the minimum

bias (random value of impact parameter) and central events (zero impact param-

eter) at 25A GeV are summarized in the table in Fig. 4.20.

The majority of signal tracks (decay products of D-mesons, charmonium, light

vector mesons) are particles with momentum higher than 1 GeV/c originating

from the region very close to the collision point. Their reconstruction e�ciency is,

therefore, similar to the e�ciency of high-momentum primary tracks that is equal

to 97.5%. The high-momentum secondary particles, e.g. in decays of K0

s

and ⇤

particles and cascade decays of ⌅ and ⌦, are created far from the primary vertex,

therefore their reconstruction e�ciency is lower – 91.1%. Significant multiple

scattering of low-momentum tracks in the material of the detector system and

large curvature of their trajectories lead to lower reconstruction e�ciencies of

92.6% for primary tracks and of 63.8% for secondary low-momentum tracks. The

total e�ciency for all tracks is 90.9% with a large fraction of low-momentum

secondary tracks. The levels of clones and of ghost tracks are 0.4% and 5.9%

respectively.

The behavior of the CA track finder in the case of higher track multiplicity

Efficient and stable track reconstruction.

primary high-p 97.5 %

time, 10 ms/ev
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Time-based Reconstruction in CBM

7

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

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-slice rather than 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 right physics interpretation.

position slope momentum +time

n 
hi

ts

4D tracking
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Master 
thread

Sequential parts

Parallel regions
A nested 
parallel 
region

8

0. Hits

1. Segments

2. Track Candidates

3. Tracks

Parallel within Time-slice CA Track Finder

Each stage of the algorithm is both vectorized (using SIMD instructions)  
and parallelized (between CPU cores). 

 Header files 
Vc

triplets

0. Hits

1. Segments

2. Track Candidates

3. Tracks

candidates

tracks

hit  
portion

OMP 
Pthreads

OMP 
Pthreads

hit  
portion

hit  
portion

hit  
portion

triplets triplets triplets

candidates candidates candidates

tracks tracks tracks

thread 1 thread … thread n
n threads

synchronisation synchronisation
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CPU (16GB RAM)

L3 (24MB)

L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB) L2 (256KB)

L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB) L1 (32KB)

core #1 core #2 core #3 core #4 core #5 core #6 core #7 core #8 core #9 core #10

PU P#0

PU P#32

PU P#4

PU P#36

PU P#8

PU P#40

PU P#12

PU P#44 PU P#48

PU P#16 PU P#20

PU P#52

PU P#24

PU P#56

PU P#28

PU P#60

PU P#64

PU P#72

PU P#68

PU P#76

Socket 

9

CA Track Finder Scalability

The CA Track Finder shows strong scalability on many-core machines. 
Speed-up factor 10,1   Theoretically estimated  factor: 13

Sp
ee
d-
up

10 physical cores  
with Intel hyper-threading 

Intel Xeon E7-4860 CPU 

Total CA time = 84 ms
100 minimum bias events in a time-slice

Total CA time = 849 ms

(0) initialisation

(3)

(1) triplets construction

(2) tracks construction

(3) final stage

CA Track Finder   

Estimated Speed-up = (1 + HT) * N cores  
      lxir075@gsi          = (1 + 0.3) * 10  = 13 
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4D Track Fit

10

Time is added to the track fit: 
• The vector of parameters and its covariance matrix are extended. 
• Propagation and Kalman filter are extended. 
• Fit shows correct results: high resolution and pulls close to 1.

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

P =

ρt
√

Ctt
ρt = treco − tmc

Time coordinate has been fully added to the fitting procedure.
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4D Track Finder in CBMROOT

11

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

100 AuAu  minimum bias events at 10 AGeV

• Triplets from the hits with the same time measurement within 3σ of detector precision 
• Fast access to the hits: data re-organisation 2D grid to 3D grid structure 
• 4D Fit: time has been fully added to the fitting procedure

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

4D Track Finder Modifications:

3D CA time/event = 8.2 ms 4D CA time/event = 8.5 ms
comparable speed 
(standalone version) 
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4D Reconstruction Chain
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Time [ns]
4300 4350 4400 4450 4500 4550 4600

En
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s

1

10

210

Event building as a part of the CBM reconstruction chain.

Reconstructed tracks are clearly clustered 
in groups representing original events

Reconstructed 
track time

Input: Hit time measurement in STS at 10 MHz

Time [ns]
0 2000 4000 6000 8000 10000

En
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s

1

10

210

Reconstructed track time

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
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4D Reconstruction of Short-lived Particles

13
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]2 [GeV/c}-πΛ {invm
1.3 1.4
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100 -πΛ→-Ξ

2 = 2.6 MeV/cσ -Ξ
S/B = 11.7

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

4D track finder provides high track quality sufficient for short-lived particle reconstruction.

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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Summary

14

Parallel track finder algorithm capable of time-slice based reconstruction have been developed.  

• The parallel CA track finder shows linear scalability with speed-up factor of 10.1 out of 13 
theoretically estimated factor within the Intel Xeon E7-4860 CPU. 

• 4D CA track finder allows to reconstruct time-slices with speed and efficiency comparable to 
event-based approach. 

• The first version of event builder algorithm based on 4D CA track finder has been implemented. It 
allows to perform physics analysis with KF Particle Finder. 

Future Plans 

• Multiple primary vertices analysis. 

• Add TOF information. 

• Add realistic PID.


