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Towards building and testing a large size GEM detector

Summary and Outlook

Several multi GEM small scale prototypes have 

been built and tested..

 Charged particle detection efficiency of > 95%. 

Detector response stable with rate – as observed 

Using both conventional as well as with self 

Triggered electronics.

 Next Steps:  

-- building a complete real size sector – ns2 

stretching – 80 cm x  47 cm.

-- Solving issues concerning design, stretching, etc. 

Radiation test with neutrons at VECC.

FEE – a new 68 channel ASIC similar to nXYTER

is under consideration.

readout pcb with sector layout

Active are 31 cm x 31 cm 1200 

pads

Detector Development  (GEM R&D) 
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FEE board with 

Self triggered chip nXYTER

(32 MHz  128 channel ASIC)

Readout Controller

(ROC)

self triggered data acquisition

• Dimuon measurement is at the core of the CBM physics program

• Feasibility studies performed for a layout with segmented absorber and detector triplets

• Different detector technologies will be implemented at different stations.

• SIS100 layout R&D completed, can be extended to SIS300 chambers

• Detector tests using self-triggered ASIC (nXYTER) and subsequent

R&D on MUCH-nXYTER shows the option taken for readout

• Prototype tests  highlight the desired design criteria. A ―miniMUCH‖ test using detectors and instrumented 

absorbers has been carried out. More such tests would be performed.

• Mechanical design underway for superstructure and detector chambers.

Diagnostic probes of the 

high-density phase: 

 open charm, charmonia

 low-mass vector mesons

 multistrange hyperons

 flow, fluctuations, correlations 

CBM physics program:

 Equation-of-state at high B

 Deconfinement phase 

transition

 QCD critical endpoint

 Chiral symmetry restoration   

Rare Probes
 high interaction rates
 selective triggers

Exploring the QCD Phase  Diagram  Fixed target heavy ion expt. 

 Energy range 2-45 GeV/u 

 Expected to begin in 2019.

Choice of detector technology:

 To cope up with high rate capability ( up to 

1 MHz/cm2)

 granularity -- up to 1 hit/cm2 in central Au-Au 

coliisions) for  the first few stations

 Good position resolution 

 Should have high radiation tolerance.

 Large area detector – modular

 Data to be readout in a self triggered mode 

MUCH Geometry  -- Alternating layers of absorbers and detectors

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

30 cm gap between 2 absorbers

LMVM @ SIS100 + ToF
LMVM @ SIS300 + ToF

εJ/ψ = 5 %
S/B ratio = 1.68
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STS stations 

GEM 3
GEM 2

STRAW TUBE R&D

Full Size Engineering Prototype 

View of straw ch.

The prototype of the straw tracker was 

built and is under testing.

1—MBs; 2—carbon plastic elements, 

and 3—Al elements

octahedron shape is suitable 

for the optimization of the 
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Spatial Resolution (Radial) 

Best resolution: ~160 µm (1 bar); < 50 µm (3 bar)

ArCO2 (70-30). Straw 

efficiency: 

78%(2.5σ); 88% total.    

Drift-time accuracy 189μm

Xe based; 85% -

(2,5σ)

TRT 

ATLAS

TM

LM

Along  the radius

Spatial Resolution (Longitudinal) 

Best longitudinal resolution:   

~2 cm (for  ~ any length)

High radiation hardness:

continuous renovation of the working 
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Detector Simulation

1.38 MHz/sq.cm

95 kHz/sq.cm

Triple GEM detector 

--10 cm x 10 cm. 

Vgem~358 V

gas- Ar/CO2(70/30)

Relative efficiency 

vs. rate

Time correlation

spectra

Test with high intensity 

X-ray source At RD51 lab @CERN

-- conventional electronics

Gain remains the  same  inspite of 

Increase  in  intensity.

counts/(cm2×events)

R, cm
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10 cm x 10 cm triple GEM chamber

Built  at VECC. Gas – Ar/CO2– 70/30 

512 pads, readout by 4 nXYTER

boards.

Similar 10 cm x 10 cm prototypes also 

built at GSI.

EBE (4.9 M events. 17.5 K pairs,) invariant mass 

Spectra. Central Au+Au events @   25AGeV)

Hit density at different  MUCH stations

Station-1 Station-2 Station-3 Station-4 Station-5 Station-6

GEM GEM Hybrid

GEM/ThG

EM/STT

Hybrid

GEM/ThG

EM/STT

STT TRD/STT

Rate tests with conventional 

electronics

Design options

Compressed Baryonic Matter (CBM) 

Experiment @FAIR 

Dimuon Measurements 

@FAIR. 

MuCh@SIS100:

LMVM: 4 detector stations and 4 

absorbers

J/ψ:    6 detector stations and 6 

absorbers

MuCh@SIS300:

LMVM: 5 detector stations and 5 

absorbers

J/ψ:    6 detector stations and 6 

absorbers

Inputs for Detector Optimization 

URQMD background :

central Au+Au @8, 10 and 25 AGeV

p+Au @ 30 GeV

Pluto : signal distributions

LMVM @ 8 and 25 AGeV

J/ψ @10 AGeV and 30 GeV

The aim is to measure dimuon signals arising from:

Low-mass vector mesons, in particular the 0 mesons which decays inside the fireball leading to in-medium 

modifications,  a phenomenon might be used to conclude on chiral symmetry restoration. Slopes of dimuon

spectra is sensitive to phase transition. No dilepton data at low mass region between 2 AGeV to 40AGeV 

Thermal electromagnetic radiation converted into lepton pairs reflecting the temperature of the fireball

Charmonia :  Charmonium dissociation due to color screening in a deconfined medium was predicted as a 

signature of the Quark Gluon Plasma., No charmonium measurement below Elab=158 AGeV

The  MUCH subsystem  is based  on 

a novel concept of segmented 

absorber  of varying thickness with 

detector layers sandwiched  between 

them. 

Detailed simulations have been 

performed to optimize the materials, 

the thickness and the position of 

absorbers and the granularity of the 

detectors.

The design goal is to simultaneously 

identify low and high momentum 

muons over full phase space. 
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Sector shaped readout PCB with progressively increasing square pads from 2.9 mm to 

1.6 cm pads. Thermally stretched GEM foils. Tested with protons at COSY. Data 

acquired  using 9 FEBs and 5 ROCs as shown below.

A 31 cm x 31 cm single mask  

triple GEM prototype

Beamtest with protons at Jessica beamline at COSY 

Relative gain < 10% 

5.9 keV X-

ray spectra.

Gain vs. ΔVgem

Efficiency vs. ΔVgem

The beamspot from 

2.3 GeV/c proton beams for a large 

size triple GEM detector.
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Split view  of the sector components

The First station of MUCH

The  spill structure as measured by 

AUX4

Gain stability vs. time

(by GSI team)

The  particle trigger provided by upstream 

scintillators – fed to the  Auxiliary input of ROC, 

the corresponding time stamp recorded and 

compared with detector hits in a time window.
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