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P (GeVic)

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

2.4% Xo (beam region), 22% Xo (acceptance) 80 m® C,F4q, 21 m? UV mirrors, 1.4 m? MAPMTs, 4 m? gaseous PDs

MWPCs+Csl:
successful but with
important performance
limitations, in particular
in the case of the 4
central chambers
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4 new detectors of 600 mm x 600 mm
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The hybrid " THGEM+Micromegas PDs

modular structure: one module = 600x300 mm?

Hybrid PD scheme

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
at positive HV
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Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm

12 sectors on both top and bottom, 0.7 mm separation
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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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High gain obtained in a 3STHGEM with 30x30 mm? active area
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Why THGEMs with no rim

Triple THGEM

I'used silica window

Wires

Csl
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Thickness-related non uniformity é”f'?
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THGEM raw material selection .

A tpoeels
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

Tecﬂ_niggm

it Elite Material Co., Ltd.

- d http:\lwww.emctw.com

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(;g“gggg}v :g: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

700 X 700 mm?
active area

borders = "~ ke 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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THGEM raw material selection

y/ mm

36 x 36 pointsin
square pattern from
(0,0) to (700,700)

800 mm

thicknessy,q, — thicknessy
thicknessy,im

thickness =

100 300 400
| typical result for a good piece.

200

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

from each foil twoTHGEMS can be
produced:

50 foils 2 100 raw THGEM pcb
THGEM pcb size = 620 mm x 320 mm,
active area = 581 mm x 287 mm

60 THGEMs have been
produced by ELTOS

#NO(#313) X 100% = 2.146
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Hefei,

In Trieste a specific cleaning

o | procedure is applied : polish with fine

16/01/2024

grain pumice powder, pressure water
cleaning, ultrasonic Bath with Sonica
PCB solution (PH11), distilled water
rinsing and oven @ 160 °C

- International Workshop on Future Tau Charm Facilities FTCF2024
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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 INER

Lot i/,-{
THGEM

E" ‘;i THGEM box PP
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Csl QE measurement ey
(o e s
19 Csl evaporations performed at CERN in 2015 - 2016 Toi — Teg.
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
THGEM 421, Thick GEM 319 1/18/2016 2.36 2.44
2.3 QF measurements | Sy 1/25/2016 2.65 2.47
2.1 = Thick GEM 407 2/2/2016 2.14 2.47
19 2 Thick GEM 418 2/8/2016 2.79 2.98
17 Thick GEM 410 2/15/2016 2.86 3.14
L3 0s  Thick GEM 429 2/22/2016 2.75 2.74
S e 2 X Thick GEM 334 2/29/2016 2.77 3.00
116 .. B4 Thick GEM 421 re-coating 3/10/2016 2.61 2.83
m1517 m17-19 Reference piece 714/2016 3.98 3.76

QE uniformity
e 3 % r.m.s. within a photocathode
8 10 % r.m.s. among photocathodes

coated by T. Schnider and M. Van Stenis

/1

| Lo rdy? mean THGEM QE:
Optical transparency: ) \/5(5) ~025 == . 93% of reference
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Csl THGEM mounting
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combined COMPASS PDs il

di Fisica Nucleare

Hefei, 16/01/2024 - International Workshop on Future Tau Charm Facilities FTCF2024 Fulvio TESSAROTTO 16




Hefel, 16/01/2024 - International Workshop on Future Tau Charm Facilities FTCF2024



di Fisica Nucleare

quipping

R b

SRR =

the hybrids on RICH 1 F&es

I i
i
é
i s
"
JR |
4

-

Fulvio TESSAROTTO 18




=  Typical HY 1

values - 3400 ¥ -
; AT00 v THGEM HY I I >
P - BDO W = r : sagmentation
—3e k

:.,;m: In total 136 HV channels
b with correlated values

" Hardware commercial by CAEN — Gain equalization: uniformity at ~1% level

5 HV control . Gain stability vs P, T:
« G=G(V,T/P)

» Custom-made (C++, wxWidgets) Enh di st e

» Compliant with COMPASS DCS (slow control) PR S R SN S
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THGEMs induce sparks in MMs
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sparks

Current sparks in THGEMs i
+ Rate <1/h per detector i%ﬁ%
* Recovery time:~10s ﬁ;;

Current sparks in MICROMEGAS L
* Induced by THGEMs )
* Recovery time: ~1s ]

Entries

Fully correlated between the two layers |
Mild dependence on beam intensity L

150

100

50

International Workshop on Future Tau Charm Facilities
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157
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THGEM Spark Current Values after T=2sec (avg) with Gaussian fits

Spill Number
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Apvs_HitsInSpill
Apvs_HitsiSpil
38400
5341
047
RMSx 3475
AMS y 18.09

BOISY SO ASODI  ANDZ ASID  ASMD  RSDN\  ASOIZ  ABDTD A ASDN  ASIZZ

2016-Oct
Hex-Gauss fit

Study of spark amplitude.

Current at T=2 [uA]

FTCF2024

Fulvio

Apvsld

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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Gain stability in fime
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cath2 cathd
cath2 — cath4
104 b Entries 155658 10¢ B Entries 108330
£ Mean 47.68 + 0.1207 = Mean 42,63 £ 0.142
A\ 14104.8+-91.7 |fws = vsszooss A 13976.1+-117.1 |Rs  sersoion
0= Overflaw 0 10° = naerrow
= = Overflow 0
- 2t 20411347 - Integral(w) 1.0830+05
107 = Prob 7.051e-12 o x°/ ndf 244.8/ 147
§ p0 081+ 41.0 = Prob 7.381e-07
- LA pt 0.02127 = 0.00014 - . o0 1845 + 1.9
ol A, ‘ - ., P 0.02147 + 0.00018
1 e s 1= T—
0:| I‘HilmI I IQ{;DI IB-{I)DI I I4{I)DI = |5{I)DI I IB{I)DI = I'."Ilml = IB{LDI = I‘.}{LDI = :1{300 ﬂ_l I‘1{')0I I2{|)D| I IB{LDI I Iﬁlml = |5{I)D I IB{I)DI I?{;DI = IE{I)DI = IQCI)DI = :1{300
20000
. g . " [
Z 1s000 @gain stabilization using global p, T —
) - g e st
o 16000 o® : -
@ 14000 %, o o 0% ° o corrections:
W 12000 ®e Date o/mean~ 7%
10000 1&350 11000 12000 13000 14000 15000 16000 17000_"_‘5%0‘_0‘_‘;‘5_&0‘6‘_‘5‘6000
9/21/2017 9/26/2017 10/1/2017 10/6/2017 10/11/2017 —
20000 - & 4: . s . £ o (2 7ndt= 114511 19]
Z individual chamber gain stabilization s O ——
O O | 6? Mean 15118 + 98.8 individual
g 1 6000 ® ‘_f . & ‘ S Sigma  572.88 + 111.64 .
8 14000 ‘v QA v oY % (% e £ corrections:
& : i o/mean~ 4%
12000 Date  :f
10000 E

7/24/2017 8/13/2017 9/2/2017 9/22/2017 10/12/2017 11/1/2017

Hefei,
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Effective Gain
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Hefei,

MWPCs Hybrids MWPCs 6
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L] Noise level and pedestal stability

e 12 Detectors, 6144 Ch each.

[ RA01P00_a2 {RAOTP00_ch == 29} | I htemp - RAO1POO a's
0 N\ RS aare || 61440 htemp
L / bob 0 en || 500! values | ' Entries 6144
= Cl;::tant 79.97 t:.ﬂd L Mean 2127
%_ ) 7 gigma 2.356:;35 0?09!‘; 400 __ AMS 0. 3 126
ok 3005 +2 / ndf 25.03/ 11
305_ . Constant 560.1+10.5
g 200/ Mean 2.028 +0.003
20 ﬁ Sigma  0.1332 £ 0.0024
10F 100
05 670 G672 6714 676 67 60 682 ooA of Sy ';‘Ts'f‘"“""'é'“"":"““?;s'- “ g
ADC ch e
smgle channel _—° =
e 39 APV Pedestal Runs durlng COMPASS 2017 run. The APV25-based F/E is
210 detector average ioma vs time g0 the same for MWPCs +Csl
U v v . )
: Zs and Hybrid PD’s
¢ B - :
S5 A 8, The noise levels are:
E L0000 00000000 000000000000000000000000000
: Al e MWPC: ~ 600 e
¢ 0 M .
g L B o (v -
2 012345678 910111213141516171819202122232425262728293031323334353637383940 2ongengalse Hybr|d° 800 e
ORADPOD ORI ORAIML ORI WRADIPOG ORAGIPDY ™ m oo oy |” @ The noise levels are very stable in time
. E—
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Gain and angular resolution .. 3

di Fisica Nucleare

Effective gain : ~14000 +- 140 Single photon resolution: 1.83 +- 0.01 mrad
Entries 345977
4l - Mean ~0.03503
10 = Entries 122979 | 16000 RMS 3.348
F - 32/ ndf 262/18
i %*/ ndf 179.6/128 || 14000 - Constant 1.663e+04 + 4.536e+01
- Mean 0.07582 + 0.00502
10° s o0 738 s 12000 — Sigma 1.833 £ 0.007
- 10000
- pl  0.02164 +£0.00018 000 E_
10% ] 6000F
. 4000
oL 2000F-
E 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 : 1 T I i I | I | 11 1 | 1L 1 +
0 50 100 150 200 250 300 920 —15 -10 -5 0 5 15 dZ
Signal amplitude [ADC ch] 0,, - 0, )[mrad]

The COMPASS/AMBER MPGD-based PDs have been stably operating since years.
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Extrapolateto
saturation, number of
photon=12.9

First part of the
function=11.5 +/-0.4
Second part of the
function= 1.4 +/-0.3

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.

Hefei,

16/01/2024
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STCF RICH e

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°% cm2s~! 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 BEPCII, 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

and physics beyond the Standard Model. The STCF project in China is under development s

with an extensive R&D program. This document presents the physics opportunities at the

T
—

STCE describes conceptual designs of the STCF detector system, and discusses future plans

- . III: ] a [
for detector R&D and physics case studies. 1

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 6= 40°.

Hybrid THGEM-Micromegas PD’s have recently been proposed for the RICH of the STCF
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CONCLUSTONS .

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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