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COMPASS RICH-1 upgrade
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P. Abbon et al., NIM A 577 (2007) 455
P. Abbon et al., NIM A 779 (2015) 69

COMPASS Spectrometer

acceptance: H: 500 mrad V: 400 mrad; beam rates up to ~108 Hz;
2.4% Xo (beam region), 22% Xo (acceptance) 80 m3 C4F10, 21 m2 UV mirrors, 1.4 m2 MAPMTs, 4 m2 gaseous PDs

F. Tessarotto et al., JINST 9 (2014) C09011

MWPCs+CsI: 
successful but with 

important performance 
limitations, in particular 

in the case of the 4 
central chambers
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The hybrid THGEM+Micromegas PDs 

Fulvio  TESSAROTTO

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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The COMPASS THGEM design

12 sectors on both top and bottom, 0.7 mm separation

24 fixation points to guarantee THGEMs flatness

Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm

border holes diam.: 0.5 mm

pillars in PEEK
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field shaping electrodes
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THGEM border study

large field values at the chamber edges and on the guard wires

Field shaping 
electrodes in the 
isolating material 
protections of the 
chamber frames

isolating material 
(Tufnol 6F/45) 
protection
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Why THGEMs with no rim
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Triple THGEM

Rim ≠0  difficult to control the gain 

TH1
TH2
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TH3

Effective gain = 0.91 · 106

Ar/CH4:  50/50

PARAMETERS:
• Diam.     =  0.4 mm
• Pitch      =  0.8 mm
• Thickn.   =  0.4 mm
• Rim        =  10 μm

CsI

High gain obtained in a 3THGEM with 30x30 mm2 active area

0.1 mm rim

no rim

1750 V

1330 V

Continuous irradiation

Zoomed

M. Alexeev et al.,  NIMA 617 (2010) 396
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Thickness-related non uniformity
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 Strict thickness uniformity requirement

700 μm

730 μm780 μm

750 μm

max / min = 3

Local non uniformities
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Our thickness uniformity requirements are stricter than those offered by producers  material selection     
50 foils of 1245 mm x 1092 mm    cut out borders    800 mm x 800 mm  thickness measurement

THGEM raw material selection
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Mitutoyo EURO CA776
coordinate measuring 
machine with ruby 
touch probe,
hosted in a thermalized 
room

for each foil 36 x 36 points in square pattern are measured
2 measurements (direct and reversed) to allow consistency checks.

underpressure induced flatness
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𝜹𝜹𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕~𝟐𝟐.𝟔𝟔𝟔

THGEM raw material selection
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typical result for a good piece.

THGEM 313

THGEM 413

49 p.cs
2%<δ<3%

from each foil twoTHGEMS can be 
produced:
50 foils  100 raw THGEM pcb
THGEM pcb size = 620 mm x 320 mm,
active area = 581 mm x 287 mm

δ for the 100 raw THGEM pcb (%)

60 THGEMs have been 
produced by ELTOS

all foils have been labelled and 
measured  database of local 
thickness of all THGEMS
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Production of the THGEMs at ELTOS

stripping dry-film

development etchingimage transfer

multi-spindle drilling

mounting

In Trieste a specific cleaning 
procedure is applied : polish with fine 
grain pumice powder, pressure water 
cleaning, ultrasonic Bath with Sonica 
PCB solution (PH11), distilled water 
rinsing and oven @ 160 ºC
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quality control
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Resulting gain uniformity <7%

Electrical stability tests

N2 “Pashen” test
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assembling 
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Turbopump

THGEM

THGEM box

4 evaporators

piston

evaporators

QE measurement

CsI coating of THGEMs
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CsI QE measurement

etching

19 CsI evaporations performed at CERN in 2015 - 2016
on 15 pieces:  13 THGEMs, 1 dummy THGEM,
and 1 reference piece (best from previous coatings) 
11 coated THGEMs available, 8 used + 3 spares

mean THGEM QE:
~ 93% of reference 

coated by T. Schnider and M. Van Stenis
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Optical transparency:                        ~ 0.23
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CsI THGEM mounting
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The new COMPASS PDs
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Installation of hybrids on RICH_1 
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Equipping the hybrids on RICH_1 
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HV CONTROL
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Gain equalization: uniformity at ~1% level
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sparks
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Spark: event with I > 23 nA
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Some sparks produce 
APV errors.

APV header error 
related to data 
scrambling.

Missing hits and data 
attributed to different 
channels.

Automatic APV 
reload procedure as 
soon as APV header 
errors are detected.

Study of spark amplitude. 
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Gain stability in time 

individual chamber gain stabilization
individual 
corrections: 
σ/mean ~ 4%

global 
corrections: 
σ/mean ~ 7%
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gain stabilization using global p, T 

14104.8 +- 91.7 13976.1 +- 117.1
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Noise figure for the 62208 ch.
MWPCs MWPCsHybrids
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Noise level and pedestal stability
• 12 Detectors, 6144 Ch each.

single channel

6144 σ
values

•  39 APV Pedestal Runs during COMPASS 2017 run. The APV-based F/E is the 
same for MWPCs +CsI and 
Hybrid PD’s
 The niose levels are:
• MWPC: ~ 600 e-

• Hybrid: ~ 800 e-

The noise levels are very stable in time
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Gain and angular resolution
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Effective gain : ~14000 +- 140 Single photon resolution: 1.83 +- 0.01 mrad
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Number of photons per ring

The COMPASS/AMBER MPGD-based PDs have 11.5 average detected photons 
per ring at saturation, higher gain and higher stability than the MWPCs +CsI.
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STCF RICH

Hybrid THGEM-Micromegas PD’s heve recently been proposed for the RICH of the STCF
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CONCLUSIONS

 COMPASS RICH-1 has been upgraded with 1.4 m2 of MPGD-based PDs.

 Specific solutions to achieve control over THGEM gain response.

 
 The Hybrid PD: 2 THGEMs (1 with CsI) + Micromegas are nicely operating.

 
 Good stability, low IBF, low spark rate. Spark effects mitigation measures.

 1.83 mrad single photon angular resolution, 11.5 detected photons per ring.

 Future RICH projects are considering the use of this technology.
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