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P. Abbon et al., NIMA 779 (2015) 69

(2007) 45

acceptance: H: 500 mrad V: 400 mrad; beam rates up to ~108 Hz;
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F. Tessarotto et al., JINST 9 (2014) C09011

2.4% Xo (beam region), 22% Xo (acceptance) 80 m® C,F,,, 21 m? UV mirrors, 1.4 m? MAPMTs, 4 m? gaseous PDs

MWPCs+Csil:
successful but with
important performance
limitations, in particular
in the case of the 4
central chambers
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HV is applied
here through a
resistor (mesh @
ground)

Signal read-
out from this
0.07 mm pad

fiberglass

Capacitive coupling > APV25

& 8mm X 8mm pads
. ~ — o 1-—-“:' at positive HV
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Field shaping
isolating material Ll
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chamber frames
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High gain obtained in a 3STHGEM with 30x30 mm? active area
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@ Thickness-related non uniformity c’f'?

Gain Uniformity
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@ THGEM raw material selection e

L
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

Ssed) Elite Material Co., Ltd.

o o Mitutoyo EURO CA776

Lead-free , Halogen-free Material coordinate measuring
PRODUCT EM 370-5 machine with ruby
Thickness 0.407 mm tOUCh probe

Copper 35u/ 35u ?
Sheet Size 1245 x 1092 mm hosted in a thermalized
P(E’é“gg‘lt}*’ :z:i 2558 C-24123/50 - :: room
Volume resistivity 25171 C-96/35/90 MQ-cm 10"
Surface resistivity 25171 (C-96/35/90 MQ »10°

Positioning blocks

/

underpressure induced flatness |/~

700 X 700 mm?
active area

borders = g - for each foil 36 x 36 points in square pattern are measured
| - 2 measurements (direct and reversed) to allow consistency checks.
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36 x 36 pointsin
square pattern from
(0,0) to (700,700)

800 mm

thicknessy,qy — thicknessy,,
thicknessyim

thickness =

100
| typical result for a good piece.

200 300

Max — Min

478 - 467
x 100% ; %

all foils have been labelled and
measured - database of local
thickness of all THGEMS

from each foil twoTHGEMS can be
produced:

50 foils = 100 raw THGEM pcb
THGEM pcb size = 620 mm x 320 mm,
D active area = 581 mm x 287 mm

60 THGEMs have been
produced by ELTOS

#NO(#313) X 100% = 2.146
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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 °C
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quality control
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Electrical stability tests

Reproducibility & Cleaning sparks in Paschen test
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Csl coating of THGEMs

1% i/; d
 THGEM

E" ";i THGEM box PP

[} ]
g oo | |

1 o
x'.‘\‘_j

4 evaorator

CERN, 05/12/2023 RD51 Collaboration Meeting Fulvio TESSAROTTO 13



Csl QE measurement

19 Csl evaporations performed at CERN in 2015 - 2016 I — I
on 15 pieces: 13 THGEMs, 1 dummy THGEM, INormalized = —— 2 Noise
and 1 reference piece (best from previous coatings) IR f— IR, fNoise

11 coated THGEMs available, 8 used + 3 spares ¥

THGEM number evaporation date at 60 degrees at 25 degrees

g*EGn'fer‘g ;j;h] e | Thick GEM 319 1/18/2016 2.36 2.44

2.3 Thick GEM 307 1/25/2016 2.65 2.47

et = Thick GEM 407 2/2/2016 2.14 2.47

1.9 : Thick GEM 418 2/8/2016 2.79 2.98

Lk w Thick GEM 410 2/15/2016 2.86 3.14

3 0s  Thick GEM 429 2/22/2016 2.75 2.74

174 o s i Thick GEM 334 2/29/2016 2.77 3.00

116 -84 Thick GEM 421 re-coating 3/10/2016 2.61 2.83

m1517 m17-19 Reference piece 7/4/2016 3.98 3.76

QE uniformity

. 3 % r.m.s. within a photocathode
: 10 % r.m.s. among photocathodes

coated by T. Schnider and M. Van Stenis

/"

| L ordy? mean THGEM QE:
Optical transparency: WE (5) ~0.23  m— 93% of reference
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Csl THGEM mounting
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of hybrids on RICH_1

CERN, 05/12/2023




L/ Istituto Nazionale
di Fisica Nucleare

= = o e ThEt T |
CERN, 05/12/2023 RD51 Collaboration Meeting Fulvio TESSAROTTO 18




Typical HY

values ) Ay
o n
i - = HY CONTROL
S AT Y e
; "A oy - r : sagmentation
.i:" ..

In total 136 HV channels
with correlated values

o o
= Gain equalization: uniformity at ~1% level
: Hardware, cnmmerclal by CAEN 9 y
E Gain stability vs P, T:
o HV control c oG _”Fy ’
] —
» Custom-made (C++, wxWidgets) - - ( !d ) ) - P
. . = nhanced in a multistage detector
» Compliant with COMPASS DCS (slow control) g
ik H] K " u . a ﬁ-T = 10‘:- % ﬁG = 12 nfﬂ
. OwnScale” to fine-tune for gain uniformity e o
= = 5 mbar =
» |V, I measured and logged at 1 Hz ’
» JAutodecrease HV if needed (too high spark-rate) . THE WAY OUT:
» User interaction via GUI = Compensate T/P variations by V
» JCorrection wrt P/T to preserve gain stability = Gain stability at 5% Ieve.Ll
HF Bambus 'T'- if%
ﬂ"ﬂﬁ?:hf‘mn |]I "'EE."E:E&.- ] '| Saan resulls an parameten Gainhdean —_ ij::_':
buisa Fa3s | poses | soasa | R P L Fistc Po633 NI . . ERepTya—
I S I A T e e B
- e T el | 2 [~ E*" ’w@ ﬂ;f&"ﬁ i g i A (- sersis
] ] n_ ] m o 0 ] ™ T ™ T C tﬂﬁ'ﬂ 3&.-""?51: o _' -ﬂ_-E_:r;%?"-q SEAELN 5 srrosas:
BBl BB | &) Bl | Bl %éﬁ;ngww&%@ T
| G f R g For® | oo [ e
::::n réam Crean e = FTac v i cracis v::'""' ixn et _IEK = m L':'W |ﬁtEl"I$|T'y" ngh |ﬁtEl"‘|$It'y' —5- B11PDEH1E
400 L. O L a0 1200 a7 il 151757 1217 |?||.I|}u = S12FMHO50
A L m m owen WE NG nnw iw |
E;ﬁ':'?{ 'Jlr‘ﬁ'-'ln:'ﬂ % :&': s E E;’IEI EE"&: ‘!I;?ti; IRI;'-TI?UEI- EEE&L '-%‘ ':.o EH 1o 15 &0 25 5 ” f::::-:;:l
7] ;ﬁun«:rn”vniminu :In:in o imr-m-..m?ﬂa r':l-r::m“-r'nun‘:':,- o o DRSNS O I 1 = -

CERN, 05/12/2023 - RD51 Collaboration Meeting Fulvio TESSAROTTO 19



Spark: event with | > 23 nA
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Current sparks in MICROMEGAS L
* Induced by THGEMs Lo
* Recovery time: ~1 s i
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Rate < 1/h per detector o1
Recovery time: ~10 s L1
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Apvs_HitsInSpill
Bpvs HItehgpll
Entries 38400
Mean x 53415
Mean y 30.47
RMS x 3475
RMS y 18.09

2016-Oct
Hex-Gauss fit

Study of spark amplitude.

Current at T=2 [uA]

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.
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stability in time
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L] Noise level and pedestal stability
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Effective gain : ~14000 +- 140
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The COMPASS/AMBER MPGD-based PDs have 11.5 average detected photons
per ring at saturation, higher gain and higher stability than the MWPCs +Csl.
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STCF RICH o

di Fisica Nucleare

STCF

Conceptual Design Report

\

Abstract

The Super t-Charm facility (STCF) is an electron-positron collider proposed by the

Chinese particle physics community. It is designed to operate in a center-of-mass energy

range from 2 to 7 GeV with a peak luminosity of 0.5 % 10°% cm25~" or higher. The STCF
Charge particle
will produce a data sample about a factor of 100 larger than that of the present 7-Charm

factory — the BEPCIL, providing a unique platform for exploring the asymmetry of matter- Figure 3.42: The RICH detector structure.

antimatter {charge-parity violation), in-depth studies of the intemal structure of hadrons and

the nature of non-perturbative strong interactions, as well as searching for exotic hadrons

T - e
and physics beyond the Standard Model. The STCF project in China is under development - E_
with an extensive R&D program. This document presents the physics opportunities at the ! 5_ )
e -
STCE, describes conceptual designs of the STCF detector system, and discusses future plans = E
1108 ad \;I I;I) |I1;1I3I
for detector R&D and physics case studies. E

Figure 3.46: Examples of Cherenkov images in a RICH module. The blue image depicts the distribution
of hits for 2 GeV /¢ pion with incident angle & = 0°, perpendicular to RICH, while the red image depicts

arX1v:2303.15790v3 [hep-ex] 5 Oct 2023 o= 40",

Hybrid THGEM-Micromegas PD’s heve recently been proposed for the RICH of the STCF
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COMPASS RICH-1 has been upgraded with 1.4 m? of MPGD-based PDs.

Specific solutions to achieve control over THGEM gain response.

The Hybrid PD: 2 THGEMs (1 with Csl) + 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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