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• QCD equation of states (EOS)
at high net-baryon densities

• Exotic phases and order of chiral phase transition

• Location of the QCD critical point

• Near free NN threshold production and propagation 
of charm

• Multi-strange objects

Major physics searches at CBM :

Challenges :

Introduction
• Compressed Baryonic Matter (CBM) experiment at FAIR aims to explore the QCD phase diagram at high net-

baryon densities

• Till date, no dilepton data have been collected in heavy-ion collisions at beam energies between 2A and 40A 
GeV

• CBM at SIS100 aims to perform measurements of lepton pairs in nuclear collisions, employing both di-electron 
(e+e−) and di-muon (µ+µ−) channels, in the energy domain of s√ NN = 2.7-4.9 GeV, using an unprecedented 
heavy-ion reaction rates up to 10 MHz
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• Production cross sections are dramatically small => Requires 
accelerators with unprecedentedly high beam intensities

• Radiation hard detectors with good resolutions and high rate 
capabilities

• On-line event selection CBM detector sub-systems (CATIA design) 
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GEANT simulated MuCh setup

Muon simulation

• MuCh comprises of several detector stations & segmented hadron absorbers 
• Different hadron absorber configurations for LMVM (µ+µ−) and 

J/  detection depending of the beam energyψ
• Angular coverage ~ 5.7o to 25o

• Gas Electron Multiplier (GEM) chambers in the first two stations facing high particle flux (~ 
1MHz/cm2 for central Au+Au collisions at 12 A GeV/c) and Resistive Plate Chamber (RPC) for the 
last two stations for muon identification

Muon Chamber (MuCh) detector at CBM

Low energy version with 3 absorbers and 2 stations 
(Eb < 4 A GeV) for LMVM (µ+µ−) detection

LMVM (µ+µ−) detection setup with 4 
absorbers and 4 stations for Eb > 4 A GeV 

J/ψ detection setup with 5 absorbers 
and 4 stations + TRD 

• Event generators: UrQMD (Background) & Pluto (LMVM cocktail & J/ )ψ

• Transport engine: GEANT3  Beam momenta: 30 (p+Au), 12, 10, 8, 3.42 A GeV/c 

• Collision systems: p+Au & Au+Au central collisions Simulation framework: CBMROOT software

• Mode of simulation: Event-by-Event mode 

Simulation details:
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Measurement of freezeout cocktail via di-muon channel

Uniqueness & Opportunities :
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• Di-lepton can be used as chronometer, thermometer, barometer and polarimeter

• No di-lepton data in heavy-ion sector between s√ NN = 2.7 - 4.9 GeV

• Multi-differential and high precision measurements

• With di-leptons: signal of the 1st order phase transition

μ+μ- invariant mass spectra (top) and signal to background (S/B) ratio (bottom) at different collision energies 

-> Signal input from PLUTO & background from UrQMD
-> Combinatorial background estimation is crucial as the S/B value is low
-> Efficiency correction is performed and the reconstructed spectra matches  
  with the input spectra within the statistical errors

Rapidity (y) and transverse momenta (p
T
) spectra
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Uniqueness & Opportunities :

J/ψ measurement via di-muon channel

-> Good mid-rapidity coverage
-> Reconstructed spectra can be fitted with symmetric Gaussian with a good mass resolution (~ 35 MeV), thanks to low material    
  budget of Silicon Tracking Station (STS)
-> Efficiency � Acceptance correction is performed and the reconstructed spectra matches well with the accepted spectra

• No data in heavy-ion sector below the top SPS energies ( s√
NN
=17.3 GeV) 

are available

• The effect of Cold Nuclear Matter on J/  yields in p+A collisions ψ

• Test of pQCD inspired models at low energies   

• Possibility to investigate the sub-threshold charm production with heavy 
ion beams

# of events: 5 million

# of events: 5 million

Rapidity (y)
Rapidity (y) and transverse momenta (p

T
) spectra J/ψ invariant mass spectra for p+Au collision

Rapidity (y) and transverse momenta (p
T
) spectra J/ψ invariant mass spectra for Au+Au collision
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Summary & Outlook

Summary:

Acknowledgment:

• The performance of LMVM detection at three different SIS-100 energies ( s√ NN = 4.9, 4.1 & 2.9 GeV) are investigated with Au+Au collisions of 0-5% 

centrality 

• The performance of J/  detection at FAIR SIS-100 energies is investigated with realistic detector sub-system for Au+Au (ψ s√
NN
 = 4.54 GeV) and p+Au ( s√

NN
 

= 7.6 GeV) collisions and with predicted charmonium yields, the measurement of J/  is found to be feasible with MuCh subsystemψ

• The reconstructed spectra can be fitted with a symmetric Gaussian distribution with good mass resolution (~ 35 MeV), thanks to low material budget of STS

• Efficiency � acceptance correction is performed and the corrected spectra matches well with the input spectra 
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Outlook:
• Input signal from different event generators and comparison with the existing results

• Estimation of di-muon combinatorial background using different techniques and calculation of the systematics

• Investigation of the different analysis techniques (e.g. Artifical Neural Network) to improve the signal to background ratios

• Simulation of thermal di-muon excess and extraction of fireball temperature

• Time based simulation


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5

