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The experience of COMPASS RICH-1 P Nf,?
(_/ Istituto Nazionale

di Fisica Nucleare

A large gaseous RICH '56\ R
providing: Al vessel Mg
hadron PID from 3 to 60 GeV/c MWPC's + Cel e

MPGDs R
acceptance: H: 500 mrad V: 400 mrad UV mirr \
trigger rates: up to ~50 KHz S Nl N
beam rates up to ~108 Hz
material in the beam region: 1.2% Xo o
material in the acceptance: 22% Xo 3

PMT’s
detector designed in 1996
in operation since 2002 with MWPCs
upgraded in 2006 with MAPMTSs, radiator
in 2016 with THGEMs + Micromegas | 1 93s: CaFqo
beam pipe
total investment: ~5M€ MPGDs
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The Hybrid MPGD-based PDs [}
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{Following a 7-year R&D 2 layers of staggered
THGEMs:
e Cslcoating | )= pre-amplification
EE B / = transversally
" enlarged avalanche
- o, n/ / g cc | |
» LI | M Resistive MICROMEGAS by bulk technology
Po— " 5 trapping the ions
- ~100 ns signal formation

8mm X 8mm pads
at positive HV
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Counts
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- Entries 45084
. Mean 46.07 £0.1947
-+ Gain=13445 +/- 144.943 | rwms 41.61+0.1376
103 — Underflow 0
- Overflow 0
— Integral(w) 4.568e+04
N ¥/ ndf 176.2/ 153
B Prob 0.09668%
- p0 988.6 +21.6
10° S A pl 0.02231 = 0.00024
- ¢
- Fitting rage: 45 -> 200 +
0L H
= Formula: PO*Exp(-P1*x) P {.
- 1ADC channel = 300 electrons Residual distribution for individual photons (preliminary):
= ecalculated - ephoton
=3 P PRI I S AT ST RSN N
0 0 100 150 200 e ae photon_residual 2 |
25— Entries
E Mean
2 —
- RMS
- X/ ndf 62.12/
15—
- Constant 2513 % ]
= Mean =0.001523 £ 0.01660
':' Sigma 1.832 + 0.027
os—
- Sigma: 1.8 mrad
0 “I 1 L 1 I 1 1 1 1 ' 1 1 1 ' b 1 _‘ 1 '] Il 1 I 1 1 1 1
20 1 1 5 10 1
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Detected photons per ring
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_g 1 0 B h_n_VS_theta_after JUISEEEE NN EEEEEENNEEEEEENEEEEEENEEEEE
G:J _ Entries 116 2 N(6cn) = po - sin*8cy + p1 - Ocn ;.

| Meﬂ.n 39.52 G EEEEEEEEEEE NN EEEEEEEEEEEEEEEEEEEY ‘._Jij,; d
Q 3
2 B RMS 13.04 ‘%@
S 8 1/ ndf 19.19/ 16 %‘% }
= B p0 3384 + 1 18.0 @@ ++ *
o - p! 46.34 +4.90 -' 4: +
o B D
S i ++++++%pm $ ﬁ; i;
E B ++_|.+ CpOC'
-] 4 +H
= B +'FH+M

_ + e

— .|—|-|-++ .|.'H+-|.++++++ Extrapolate to saturation, number of photon= 12.9

2 I & © oL First part of the function = 10.3 +/-0.4
& B pHdl o Second part of the function=2.6 +/-0.3
- .
oo o Do
O CC' | | | | | | 1 | | | | | ] | | 1 | I | 1 1 | I | | | 1
0 10 20 30 40 S0 60

Cherenkov angle (mrad)
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The mini-pad PD architecture [T
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Modular structure:
all components and
services within the
active area

Prototype with
10x10 cm? active
area.

1024 square pads of
3x3 mm?2 with 0.5

mm inter-pad space

v
Ly
g-,
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Our thlckness uniformity requirements are stricter than those offered by producers = material selection
50 foils of 1245 mm x 1092 mm -2 cut out borders = 800 mm x 800 mm - thickness measurement

! Elite Material Co., Ltd

4 ’ . Techm‘cw
http:\\www.emctw.com

Lead-free , Halogen-free Material N 4l Mitutoyo EURO CA776

PRODUCT EM 370-5 coordinate measuring
Thickness 0.407 mm

g | , machine with ruby
Copper 35u/ 35u \
Sheet Size 1245x1092 mm | _ touch probe,

Permittivity

RSt ' | ~ hosted in a thermalized

room

Surface resistivity (C-96/35/90

Positioning blocks

‘ \ : 4 4 underpressure induced flatness /—
700 X 700 mm?2 ; . o<

active area for each foil 36 x 36 points in square pattern are measured
borders . .
2 measurements (direct and reversed) to allow consistency checks.
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THGEM production and treatment Ll
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@ image transfer development =158
m_“

e S ——
— — —_—_—
3 B B . B

. i

22 7,
ulti-sp

: m

ine drilling |
- | T

T B

&2 In Trieste a specific cleaning
& procedure is applied : polish with fine
grain pumice powder, pressure water
i cleaning, ultrasonic bath with Sonica

dich . AN () A
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Test performed using Ar:CO2 70:30 gas mixture,
KAPTON 55Fe source, AMPTEK Mini-X, Picoquant PLD 40008

95Fe

..........................5"71 Ar:C0270:30,
10 mm
THGEM CREMAT CR110 + ORTEC + AMPTEK MCA 8000A
_1-2.5 mm
DeltaV Scan
< 10° %2/ ndf 23.42/6 [
THGEM only, estimated effective Gain ~ 575, 3 Constant -12.81+0.164 [
@
Drift — Top — Bottom — Anode: -5450, -1930, -600, 0 V 2 Slope 0.01413 £ 0.0001256 |....
@
3°F T T Entries 1600 /«/
# - i Mean 20.09
700~ | RMS A /
- i : ¥/ ndf 427.7 1210
L e A 1 Prob 5.428¢-017 ) "
= : .| Constant  746.4+3.1 10 s
] . ] Mean 21.8+0.0 B
= Sigma___ 2.498 +0.010 et
- -
200 ; ...4...5...‘......
100: e - ;
- Mm p MIJ‘ 'y\ 1 1 1 1 1 1 1 1 1 1 1 1
| A, N = : 1200 1250 1300
L %“”1‘0"" "'3WW% DeltaV [V]
Charge[fC]

THGEM gain uniformity: ~ 5%
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, standard bulk technology
18 umw

The m
less steel mesh

128 um
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One pillar per pad, 500 ym diameter.

Produced at CERN
woven stain

Gap



Istituto Nazionale
di Fisica Nucleare

“surface anode” pad

AN

Metallic
pads

0.07 mm
fiberglass

HV to blue
pad
through the
hole of red
pad

“buried pad”

B
| c1 = Mesh at ground
Detector
R1
Pre — Amplifier
RIO Resiter | )
] Pad U 1
£ V1
—Hv *
- >
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HV and readout cards Ll
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g Tﬁ_iﬂﬂm a
B By sy TRy I =
& A-00964-Y P sid 1

8 x 16 (=128) pads connected via
SAMTEK1143 (130 pin) SMD connector

Individual 470 MQ SMD resistor per pad

. on HV distribution cards (128/card)
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Non uniform response
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66| 65 64 63 62 61
E — oy 700 69 60 59f 88 57
£ 2500 _jtl >5Fe Spectra for 128 Pads — o L 76| 75 74 73] 56[ 55| 54 53
g F == 511 50l 49
2000 | 471 46l 45
= 43 4] a1
1500 390 38 37
- 35 34 33
100 5 310 30| 29
- 271 26| 25
= 23] 22 21
B 190 18] 17
0 150 14 13
1] 10 9
@ 7 6 5
- I -
O 100E
80—
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20 - factors measured
% L o B, 06 e with standard
‘g 140;__ Z(MWSEIEG'CTKYmpalwm ir:- -mi pulse and
3 120 s 2 . -
8 ool Jl 4 appll_ed offline to
(3 M iy o 4)‘, obtain good
o ki ,% LT _. uniformity
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M e | g i | i s o
IIIII e e et g 5 B ¢ e - D b -

P e Betore take a pedestal!!!! |
Bpectrim poquislion Gnp §1 twww  J heww e e [ o

sRs
dAta
eVent
dEcoder
aNalyzer

For easy use of Scalable Readout
System (SRS) we developed a LabVIEW
based DAQ and the data decoder +
Analysis software including the GUIs for
easy access.

It can handle more than 1k channels,
can be extended to several k channels
if needed.

- The DAQ can not only take data until ~
10 kHz (1 APV) but can also do online
analysis to show online pedestal
subtracted hit maps and Spectra of all
the channels
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HV and readout INFN
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SRS Scalable
Readout
System

developed in
RD51

Ar:CH4 50:50

CAEN 471H
Picoquant PLD 4000B pulsed UV laser source
% - @ E $2 7 ndf 78157713
2100 § - Prob 0.03782
A M $ we R
Yoo Eff. Gain = —— Light 300x300
~ 15K -
103 E_ 102 g_
- : i
2 L et
107 Ar:C0O2 70:30 10 i
C ﬁ:,;d' 5,337e+04 / 13 E
oL 55Fe source o L Ty H\H ”HH !
§ ! ! ! ! ! ! ! ! ! ! ! ! | ! ! ! ! | é
250 500 550 600 850, o090 80 20 80 80
Charge fcy| 15




Csl coating of THGEWNs
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Rings in Ar:CH, 50:50 and pure CH, LI}
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2D hit distribution
Shutter in front of radiator open Shutter in front of radiator close | Difference between open and close
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Conclusions INFN
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A gaseous Photon Detector prototype was built with readout pads of 3 x 3 mm?
It has the THGEM - Micromegas architecture of the COMPASS RICH hybrid PDs

A non uniformity of response from the pads was investigated and corrected for
A test-beam at the CERN H4 beam line was performed

The first results are encouraging
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