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modular structure: one module = 600x300 mm2
Hybrid PD scheme

Standard Bulk Micromegas produced at CERN

CsI
TH1

TH2

MM

quartz

Drift

8mm X 8mm pads
at positive HV Capacitive coupling  APV25
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Measurement of the raw material  
thickness before the THGEM  
production, accepted:

± 15 µm ↔ gain uniformity σ < 7%

THGEM polishing with an “ad hoc” protocol 
setup by us including baking:

>90% break-down limit obtained

X-ray THGEM test  to access
gain uniformity (<7%) and spark
behaviour 55Fe source 

spectra

X-ray MM test  to 
access integrity and  
gain uniformity  (<5%)

MICROMEGAS
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Turbopump

THGEM

THGEM box

4 evaporators

piston

QE measurement

QE uniformity
 3 % r.m.s. within a photocathode
 10 % r.m.s. among photocathodes
 mean value: 93% of reference
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mechanics

Wire planes

detector layers

Automatized glueing

Glueing the support pillars

Assembling CsI coated THGEM in
a dedicated Glove box flushing with
N2 gas
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Gain stability vs P, T:
 G = G(V, T/P)
 Enhanced in a multistage detector 
 ΔT = 1 degree ΔG ≈ 12 %
 ΔP = 10 mbar ΔG ≈ 20 %

THE WAY OUT: 
 Compensate T/P variations by V
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1 channel in a particular pedestal run 6144 channels for 1 detector in a particular 
pedestal run

Sigma

The niose levels are:
• MWPC: ~ 600 e-

• Hybrid: ~ 900 e-

The noise levels are very stable in time

12 Gaseous Photon Detectors using APV based readout 
(4 hybrid, 12 MWPC), 6144 Channels/detector 

39 pedestal runs in 2017 COMPASS run
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6.4 GeV pion
Hybrid

PMTPMT

6.76 GeV pion
Hybrid

PMT

6.36 GeV pion
Hybrid

• Ring center calculated from particle trajectory
• Detected photoelectrons : hits on the sensors

Ring center
from track

photons

For reference:

θ(β= 1) = 52.5 mrad
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Resolution ~ 1.86 mrad
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Temperature fluctuation

Pressure fluctuation

Gain fluctuation: RMS/MEAN ~ 6%

Gain  13511.4 +- 121.764

Fit Range: 50 to 160
Formula: P0*exp(-P1*x)
1 ADC Channel -> 300 electrons

A non-negligible achievement due
to P, T corrections on HV application

20
00

 h
ou

rs
 o

f r
un

ni
ng



16

Extrapolate to saturation, number of photon= 12.9
First part of the function = 10.3    +/- 0.4
Second part of the function= 2.6    +/- 0.3
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• Development of an optimized detector 
for finer spatial resolution based on the 
hybrid THGEM + MM and “mini-pads” 
of size 3mm x 3mm

• Study the compatibility of these hybrid 
PDs with CF4 for a windowless RICH for 
the future Electron Ion Collider 

• Exploring the possibility to use a more 
robust photocathode in the far UV: 
hydrogenated nano-diamond crystals

Beam test 

Diamond & Related Materials 76 (2017) 1



COMPASS RICH-1 has been upgraded with 1.4 m2 of MPGD-based PDs
The Hybrid PD: 2 THGEMs (1 with CsI) + Micromegas are nicely operating
They present good gain performance (>10k in a real experiment) and 

stability, clean rings etc.
1.85 mrad single photon angular resolution
 10 detected photons per ring at saturation
R&D for future RICH projects are considering the use of this technology
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