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TRD Operation Principle
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Two Module Sizes & 
Three Front End Boards

88.1%
acceptance 

92.8%
acceptance
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Mechanical Mounting Structure

BackFront
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Full TRD for SIS100
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Chamber Types within each Layer
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Final CBM Setup
ProjectileSpectatorDetector

TimeOfFlight

MUonCHambers

RingImageCHerenkov

TransitionRadiationDetector

Magnet

- Micro Vertex Detector

- Silicon Tracking System
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CBM SIS100 Electron Setup

- Magnet

- MVD

- STS

- RICH

- TRD

- TOF
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CBM SIS100 Muon Setup

- Magnet

- MVD

- STS

- MUCH

- TRD

- TOF
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CBM SIS100 Hadron Setup

- Magnet

- MVD

- STS

- TRD

- TOF
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry

Max. occupancy

Max. trigger rate / channel

ASIC Design

Channel granularity

- Optimal S/N
- Min. data per track

2.5 channel / cluster
Gas thickness

Radiator
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Final small module 
Prototype design

A Short History of CBM TRD

               Bucharest                    Münster                    Frankfurt

2006

2008

2009

2010

2011

2012

2013

2014

2015

2016

Small dual-sided MWPC
Triangular pads

Large dual-sided MWPC
Triangular pads

Single-sided 
drift MWPC
Triang. pads

Single-sided 
drift MWPC
Rec. pads

Single-sided 
Sym. MWPC

Rec. pads

Final large module 
Prototype design

Single-sided 
Alternating MWPC

Rec. pads

Small module 
drift MWPC
Triang. pads
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry

Max. occupancy

Max. trigger rate / channel

ASIC Design

Channel granularity

- Optimal S/N
- Min. data per track

2.5 channel / cluster
Gas thickness

Radiator
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry
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Channel Granularity

TRDv16a
Station 1 Layer 1



19

14.03.2017Cyrano Bergmann CBM-TRD TDR review

Min Bias SIS100 Trigger Rate
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TRDv16a
Station 1 Layer 1

10 AGeV Au+Au minBias
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SIS100 Average Occupancy

TRDv16a
Station 1 Layer 1

10 AGeV Au+Au minBias
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Charge Fraction on Central Pad 
Optimal Pad Dimensions

h

W

2014 Design

2dim. reco. 
per layer

1 dim. Reco.
 per layer

Maximum trigger rate per channel (ASIC) 
→ Maximum pad area
→ Optimal charge sharing (2.5 channels per cluster)
→ Pad width (W) 
→ Pad height (H) integer multiple of 2.5mm anode pitch
→ Distance between anode and pad-plane (h)

h

H

Increased PID

Increased speed

2.5 channel/cluster
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry

Max. occupancy

Max. trigger rate / channel

ASIC Design

Channel granularity

- Optimal S/N
- Min. data per track

2.5 channel / cluster
Gas thickness

Radiator
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Wire Geometries

      Symmetric MWPC
single                dual sided

Drift MWPC Alternating w. MWPCs
symmetric     asymmetric
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry

Max. occupancy

Max. trigger rate / channel

ASIC Design

Channel granularity

- Optimal S/N
- Min. data per track

2.5 channel / cluster
Gas thickness

Radiator
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Noble Gas mixture 

Stable isotope with shortest absorption length
at 20 keV photon energy:

    Argon      200-300 mm
    Xenon     10-30 mm

TR-production region
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Gas Thickness

7 mm ampl. 5 mm drift
7 mm ampl. 0 mm drift

TR-production region

ALICE TRD

Xe(85%)/CO2(15%)

TR-photon absorption probability and 
PID performance are correlated to 
gas thickness, 
which influences the signal collection time.
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Electron Signal Collection Time

• Linear dependence between drift length and 
  signal collection time at constant drift voltage

• 100 ns ampl. + 130 ns drift time in  Xe/CO2 
• for 7 mm ampl. + 5 mm drift @ 100 V/mm
•→ 230 ns total signal collection time

dUdrift/dx = 100 V/mm

Ar/CO2

Xe/CO2
Asym. Alternating wires 
3.0+5.0 3.5+8.5
Sym. Alternating Wires 
4.0+4.0
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How to Design CBM TRD

Particle rate / area

- Min. TR-photon 
  absorption length

Gas mixture 

Optimal pad dimensions

Min. PID Performance

- Max. signal 
  collection time

Number of detector layers

      Simulation     

-Beam momentum
-Beam intensity
-Target interaction rate
-Magnetic field

Wire geometry

Max. occupancy

Max. trigger rate / channel

ASIC Design

Channel granularity

- Optimal S/N
- Min. data per track

2.5 channel / cluster
Gas thickness

Radiator
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Total Ionizing Dose 

@ 10AGeV Au+Au at an interaction rate of 5 MHz 
     corresponding to 2 month of operation
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Total Non-ionizing Dose 

@ 10AGeV Au+Au at an interaction rate of 5 MHz 
     corresponding to 2 month of operation
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Total Neutron Density

@ 10AGeV Au+Au at an interaction rate of 5 MHz 
     corresponding to 2 month of operation
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Radiation Length

Position (cm)

P
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 (
cm

)
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Radiation Length

Radiator:

Entrance window:

Back Panel:
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Radiation Length SIS100:
Parallel
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Radiation Length SIS100:
Cone
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Summary

CBM-TRD default detector design:

- Drift MWPC 3.5+3.5+5mm

- Operated with Xe/CO
2
 (85/15)

- ~0.2µs electron collection time

- 2 module sizes → 6 module types

- 4 detector layers

- Detector acceptance: 88.1% for small modules and 
       92.8% for large modules 

- Radiation environment → ASIC technology

- Material budget: <   1% X/X
0
 per layer in active area (88.1 – 92.8%)

             < 40% X/X
0
 in frame area (7.2 - 11.9%)
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