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Overview

The CBM experiment 
Observables 
The Experiment 

Physics cases of the TRD 
Dilepton channels 
Fragment ID 

New generation of performance simulations 
TRD features 
4D simulations
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Probing the QCD phase diagram with CBM 
High net-baryon densities 
Moderate temperatures 

Phase transitions: deconfinement + chiral symmetry  

Critical end point 

New phases (quarkyonic matter, …)

QCD Phase Diagram
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Heavy-Ion collisions 
Di-leptons originate from all stages of the fireball development 
They especially provide access to the early stages 
They do not interact strongly and therefore carry information out of the fireball 

Observables
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Hypernuclei  
Nuclei which contain at least 
one hyperon  

Very exotic and rare probes 

Useful to study hyperon-
nucleon interaction and  
behaviour of strangeness in 
nuclear matter

* (A. Andronic et al., Phys. Lett. B697 (2011) 203-207)

Observables CBM energy



Etienne Bechtel - DPG 2019 - Munich  6

TRDRICHMUCHSTS+MVD TOF PSD

Acceptance 
Forward rapidity 
    > 0pT

<latexit sha1_base64="kLnX2CPc7YPwX2gbpkcnb4+rJms=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKTVtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udR1SaJ7JlpikGMR1JHnFGjZX8dJC3ZoNqza27C5C/xCtIDQo0B9XP/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkzCpDEiXKljRkof6cyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9+S9pX9S9y7r3cFVr3BZxlOEETuEcPLiGBtxDE3xgwOEJXuDVkc6z8+a8L1tLTjFzDL/gfHwD+jGOyg==</latexit>

Two experimental setups 
• Electron setup with RICH 
• Muon setup with MUCH  

Hadron ID with TOF 
Event characterisation with PSD 
Tracking with STS and MVD 

The CBM experiment
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Working principle 
• Charged particles deposit energy in 

the detector gas 
• Electrons create transition radiation 

in the radiator, which deposit 
additional energy

Requirements 
• Very fast detector system 

• Thin chambers 
• Continuous read-out and trigger 

scheme 

The TRD
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Simulation information

Central (10%) Au+Au at 5 GeV   
5 × 106  UrQMD background events  

LMVM cocktail, yields according to HSD prediction 
(W. Cassing et al., Nucl. Phys. A691 (2001) 753)  

Thermal radiation  
(T. Galatyuk et al., Eur. Phys. J. A52 (2016) 131) 

Electron identification 
RICH: ANN output, e-efficiency (~ 90%) 

TRD: Likelihood method, e-efficiency (80%) 

TOF: Cut on βmeas - βe (± 1.65 σ)  
⇒ ~ 90% e-efficiency

sNN
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RICH+TOF

The selected unlike sign pairs 
contain a large amount of hadronic 
contributions 

Access to the thermal dielectron 
pairs above 1 GeV/c would not be 
possible

Invariant mass distribution 
without TRD PID
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The RICH provides it’s PID 
capabilities only up to 6 GeV/c 
Above electrons will be identified 
by the TRD

Pion suppression
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The hadronic background 
contributions are strongly 
suppressed

Invariant mass distributions 
with TRD PID
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Clear access to low mass vector 
mesons and thermal radiation 

Thermal radiation is scaled to 
expected yield at 4 weeks runtime

Invariant mass distributions 
with TRD PID
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The TOF measurement 
cannot distinguish 
charge states 

The energy loss 
measurement of the 
TRD can separate those 
fragments

Hypernuclei identification

⇤
6
⇤He ! 5

⇤He + p+ ⇡�
<latexit sha1_base64="H6q9ED7UwMkN3yqAwWiTTyDiU64="></latexit>

5
⇤He ! 4

He + p+ ⇡�
<latexit sha1_base64="PlO0yYhdUpfLzP8SFv+ABprRsjo="></latexit>

3
⇤He ! d+ p+ ⇡�

<latexit sha1_base64="gltg88EbnzvogUvd3e9ojFOQZ2c="></latexit>
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The TOF measurement 
can not distinguish 
charge states 

The energy loss 
measurement of the 
TRD can separate those 
fragments
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Deuterium and         embedded + 
UrQMD background events

3
⇤He
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*simulation done by Susanne Glaessel

Invariant mass distributions 
with TDR PID
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D =
1

< Nprim > ·f(��)
<latexit sha1_base64="fg8cPlXN/eFFs7GMMb0fL5PPJi8=">AAACFXicbZBNS8NAEIY3ftb6VfXoZbEICiKJCHpQKerBk1SwVWhKmWw3deluEnYnQgn5E178K148KOJV8Oa/cftx0OoLCw/vzDA7b5BIYdB1v5yJyanpmdnCXHF+YXFpubSyWjdxqhmvsVjG+jYAw6WIeA0FSn6baA4qkPwm6J716zf3XBsRR9fYS3hTQScSoWCA1mqVds7pMfVDDSzz8uzospUlWqj8xGftGGm45Qccwe+AUrCdt0pld9cdiP4FbwRlMlK1Vfr02zFLFY+QSTCm4bkJNjPQKJjkedFPDU+AdaHDGxYjUNw0s8FVOd20TpuGsbYvQjpwf05koIzpqcB2KsA7M17rm//VGimGh81MREmKPGLDRWEqKca0HxFtC80Zyp4FYFrYv1J2BzYitEEWbQje+Ml/ob6361m+2i9XTkdxFMg62SBbxCMHpEIuSJXUCCMP5Im8kFfn0Xl23pz3YeuEM5pZI7/kfHwDSHqeSA==</latexit><latexit sha1_base64="fg8cPlXN/eFFs7GMMb0fL5PPJi8=">AAACFXicbZBNS8NAEIY3ftb6VfXoZbEICiKJCHpQKerBk1SwVWhKmWw3deluEnYnQgn5E178K148KOJV8Oa/cftx0OoLCw/vzDA7b5BIYdB1v5yJyanpmdnCXHF+YXFpubSyWjdxqhmvsVjG+jYAw6WIeA0FSn6baA4qkPwm6J716zf3XBsRR9fYS3hTQScSoWCA1mqVds7pMfVDDSzz8uzospUlWqj8xGftGGm45Qccwe+AUrCdt0pld9cdiP4FbwRlMlK1Vfr02zFLFY+QSTCm4bkJNjPQKJjkedFPDU+AdaHDGxYjUNw0s8FVOd20TpuGsbYvQjpwf05koIzpqcB2KsA7M17rm//VGimGh81MREmKPGLDRWEqKca0HxFtC80Zyp4FYFrYv1J2BzYitEEWbQje+Ml/ob6361m+2i9XTkdxFMg62SBbxCMHpEIuSJXUCCMP5Im8kFfn0Xl23pz3YeuEM5pZI7/kfHwDSHqeSA==</latexit><latexit sha1_base64="fg8cPlXN/eFFs7GMMb0fL5PPJi8=">AAACFXicbZBNS8NAEIY3ftb6VfXoZbEICiKJCHpQKerBk1SwVWhKmWw3deluEnYnQgn5E178K148KOJV8Oa/cftx0OoLCw/vzDA7b5BIYdB1v5yJyanpmdnCXHF+YXFpubSyWjdxqhmvsVjG+jYAw6WIeA0FSn6baA4qkPwm6J716zf3XBsRR9fYS3hTQScSoWCA1mqVds7pMfVDDSzz8uzospUlWqj8xGftGGm45Qccwe+AUrCdt0pld9cdiP4FbwRlMlK1Vfr02zFLFY+QSTCm4bkJNjPQKJjkedFPDU+AdaHDGxYjUNw0s8FVOd20TpuGsbYvQjpwf05koIzpqcB2KsA7M17rm//VGimGh81MREmKPGLDRWEqKca0HxFtC80Zyp4FYFrYv1J2BzYitEEWbQje+Ml/ob6361m+2i9XTkdxFMg62SBbxCMHpEIuSJXUCCMP5Im8kFfn0Xl23pz3YeuEM5pZI7/kfHwDSHqeSA==</latexit><latexit sha1_base64="fg8cPlXN/eFFs7GMMb0fL5PPJi8=">AAACFXicbZBNS8NAEIY3ftb6VfXoZbEICiKJCHpQKerBk1SwVWhKmWw3deluEnYnQgn5E178K148KOJV8Oa/cftx0OoLCw/vzDA7b5BIYdB1v5yJyanpmdnCXHF+YXFpubSyWjdxqhmvsVjG+jYAw6WIeA0FSn6baA4qkPwm6J716zf3XBsRR9fYS3hTQScSoWCA1mqVds7pMfVDDSzz8uzospUlWqj8xGftGGm45Qccwe+AUrCdt0pld9cdiP4FbwRlMlK1Vfr02zFLFY+QSTCm4bkJNjPQKJjkedFPDU+AdaHDGxYjUNw0s8FVOd20TpuGsbYvQjpwf05koIzpqcB2KsA7M17rm//VGimGh81MREmKPGLDRWEqKca0HxFtC80Zyp4FYFrYv1J2BzYitEEWbQje+Ml/ob6361m+2i9XTkdxFMg62SBbxCMHpEIuSJXUCCMP5Im8kFfn0Xl23pz3YeuEM5pZI7/kfHwDSHqeSA==</latexit>

Advanced simulations

Pulses in the electronics

Differential trigger
Trigger threshold

Based on the shaping function 
With two possible trigger modes 

Important for time based simulations

See also HK.24.2

*Nucl. Instrum. Meth. A 881 (2018) 88
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Simulated signal pulses
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With this we can now study: 
• Trigger behaviour at high rates 
• Timeshifts in comparison to the front-end clock 
• Compare different feature extraction methods 
• Check for noise and clipping effects on ADC level

Selected energies Full spectrum
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Conclusion
Fragment ID 
The TRD measurement is crucial for the hypernuclei 
program of CBM 

Di-electron channels 
Sufficient pion suppression can be achieved in the 
complete momentum range 

Thermal radiation can be accessed 

New simulation features 
Simulation can be done in 4D 
Detector behaviour can be studied in detail


