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Micromegas

Thickness uniformity plays an essential role in defining the maximum achievable gain.
Observed Thickness variation up to 50 µm for 400 µm thick PCBs. Maximum gain is limited by the thinner area.
The raw PCB for THGEM production have been selected among those presenting thickness variation smaller than ±6µm

THGEM

CsI coating

 For each foil 36 x 36 points in square pattern are
measured 3 times.

 Total 50 foils were treated.
 To allow consistency checks both sides of the

foils are measured.

THGEM for Upgrade

multi-spindle drilling

Mechanical brushing using pumice stone
plus water: long process fine grain size
pumice stone. pressurized water
cleaning to remove pumice residuals

X rays spectrum 
CSA + MCA system

Efficient photo detection demands
the optimization of several
parameters:
• Choice of Gas: affects Photoelectron Extraction Efficiency.
• Choice of Drift field: Affects Photoelectron Collection Efficiency.
• Choice of Hole diameter, Pitch and Thickness: Affect the orthogonal component of the 

field over the CsI surface, hence affect the 
photoelectron extraction efficiency.

Holes after drilling may have  Cu foil remnant and PCB remnant inside it. 
Dedicated post production treatment is performed to ensure better hole 
quality.

from each foil two THGEMS can be produced  50 foils  100 raw THGEM pcb .
THGEM pcb size = 620 mm x 320 mm, active area = 581 mm x 287 mm.
All foils have been labelled and measured. Database of local thickness of all THGEMs

Quality Assessment Stage 1 : Test for breakdown Voltage (in N2) and 
discharge counting (in Ar/CO2 70/30)

Quality Assessment Stage 2: Gain uniformity measurements       

The foil is made coplanar to the marble via applying vacuum with a
dedicated system. Mitutoyo EURO CA776 coordinate measuring machine
with ruby touch probe, hosted in a thermalized room.

THGEMs are Electron Multipliers derived from the GEMs concept with larger geometrical
dimensions and produced by standard PCB drilling technology.

Bulk Micromegas (CERN) active area: 581 mm x 287 mm
- 128 mm mesh gap
- 18mm woven wires with 45 mm pitch 
- Anodic plane segmented into 8x8 mm2 pads. ~20K pads.

Micromegas have intrinsic ion trapping property. COMPASS RICH-1 
requires Photon detectors with Low Ion Back Flow (IBF). 

Anodic PCBs produced by TVR  Srl

Micromesh pillar
diameter: 0.3 mm
Pitch 2 mm
8 x 8 mm2 pad

Pillar support for the
THGEMs, f 6 mm

In case of a discharge the HV of the non tripping pad is 
almost unaffected: 2V drop ~4% drop in gain. R ~ 0.5 
GW is preserving the non-tripping pads efficient all the 
time !

• Micromesh at Ground
• Anodic (Blue) pad at HV 

via ~ 0.5 GΩ resistor
• Readout (Red) pad at 70 

µm from anodic one 
(capacitive coupling).

70 µm fiberglass 

Installation of Hybrid on RICH

In Spring 2016, four MPGD based Hybrid photon detectors have been installed on 
COMPASS RICH-1.
Extremely delicate installation!

Preliminary Results

Photons have been detected 

spectrum: no beam,

random triggers

Summary

• COMPASS requires excellent hadron identification in challenging 
conditions,
->RICH1 has been upgraded with MPGD based hybrid detectors of 
single photons.

• 1.4 m2 of double THGEM and Micromegas based detector have been 
produced and installed on COMPASS RICH-1.

• The Preliminary results show that the Hybrid detector sees Cherenkov 
photons, efficiently!

• This novel technology is paving the way for future developments. 

COMPASS RICH-1

RICH-1 UPGRADE

200,000 turns/min 20,000 holes/h storage:
840 tools, controlled diameter depth, run-out.

Optimized parameters:
Hole diameter = 400µm          Thickness = 400µm
Pitch = 800µm Rim=0µm

Ultrasonic bath with pH 11 pcb cleaner; washing with demineralized water 
eventually heated inside oven at 180 oC for ~ 24 hours

AMPTEK Mini-X  Au  used at 15 
kV, 200µA + Cu foil provides 8 
keV X-rays uniform illumination 
and a rate > 5 kHz cm-2 (for 1 cm 
Ar/CO2 70/30).

𝜹𝑮 =
𝑮𝒎𝒂𝒙 − 𝑮𝒎𝒊𝒏

𝑮𝒎𝒊𝒏
𝜹𝑮 < 𝟏𝟎%

Gain uniformity is measured using X ray Source. For different sectors the gains are measured. The manual task can’t 
be completed in a day. APV 25 FE cards are used.

Satisfactory gain 
uniformity has been 
reached.

X rays 
spectrum 
CSA + MCA 
system
Gas mixture 
Ar:CO2 

=70:30

Reference:

Threshold for selection.
All THGEMs beyond the limit 
are rejected because of high 
spark rate at lower field.

𝛿𝑇𝐻 =
𝑀𝑎𝑥 −𝑀𝑖𝑛

𝑀𝑖𝑛
𝑋100%

Common Muon and Proton Apparatus for Structure and Spectroscopy CsI Coating Procedure:
• Installation of substrate inside evaporation

plant together with gas tight chamber.
• Evacuation of evaporation plant for two

days to assure ~10-7 hPa.
• Slow deposition (~1 nm.s-1) of a 300 nm

thick CsI layer.
• Thermal treatment (8h at 60OC) to

optimize photocathode response.
• Measurement of CsI at 60 and 20 degrees.
• Extraction after closing gas tight chamber

(1 bar).
• Storage and handlings are done in boxes

with continuous flow of low
contamination gas.

CsI plant at 
CERN

Selected THGEMs after QA
Are sent for CsI coating at 
CERN

CsI coating on the top of the THGEM is done 
at CERN measured QE as expected.

RICH FEE: APV25+ DAQ:
Latency Scan in steps of 25 
ns.
Fast Rising of Signal, crucial 
parameter
Clear Indication of Photon 
Signal at proper latency 
value in beam on condition.

Assembly

Detector designed in 1996 In operation since 2002 
MAPMT based upgrade in 2006 A new upgrade with 
Hybrid MPGD is done in 2016

3 Samples in 150 ns. Base(A0), Rising edge(A1), Max(A2).

𝜹𝑮 =
𝑮𝒎𝒂𝒙 − 𝑮𝒎𝒊𝒏

𝑮𝒎𝒊𝒏
𝜹𝑮 ~ 𝟓%
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