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HADRON IDENTIFICATION AT EIC

Key requirement at EIC > efficient particle identification at high momentum

RICH technique in this environment is challenging:

Compact geometry > short radiator High space
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COMPASS EXPERIENCE

Large gaseous RICH:
> hadron PID from 3 to 60 GeV/c
> acceptance: H: 500 mrad V: 400 mrad

> trigger rates: up to ~50 kHz
beam rates up to ~108 Hz

> material in the beam region: 1.2% Xo
material in the acceptance: 22% Xo

> detector designed in 1996, in operation since
2002 with MWPCs, u ' 6 with
MAPMTs, ia 2016 with THGEMs + Micromegas
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STARTING POINT:

COMPASS HYBRID MPGD BASED PDs

Pad size: 8x8 mm?

2 layers of staggered THGEMs

> Top of THGEM1 Csl coated
> Pre-amplification

> Tranversally enlarged avalanche
> 400 um thickness, 400 um hole diameter,
800 pm pitch, no rim
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Resistive Micromegas (bulk technology)

> Trap ions

> ~100 ns signal formation

> woven stainless steel mesh,18 um wires, 63
Km pitch

> One pillar per pad, 500 um diameter.

> Gap = 128 um.
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MINI PAD PROTOTYPE

Modular structure: all components and
services within active area

Pad size(0.5 mm inter-pad

spacing)

10x10 cm?active area - 1024 pads.

J:T _|_ Capacitor
T towards Mesh
Biasing .
resistor & Expanded view
[ Buried pad p:; Yy rod pad Mounted

J_ == capacitor anode capacitive anode proToType

T Pad biasing I M.

_I_voltage PSU - e ¥ 6\

+ . . oy
oneofthe  OCchematic and view of capacitive

-I: FE charge

) sensitive amplifier

1024 pads

Drift Wire Frame
THGEM 1

Micromegas

Capacitive
Anode PCB

R/O Card
Support

: R/O + HV CARD |

coupling of each pad



2

Eftective GAIN

2

Effective GAIN
-
(=]
-

2

E‘a,

ﬂ 1000: [] .h.:.-;r;
Single elements have been £ 900" : =i

o ] Fadl pah. from. 30000
tested with >>Fe source, = 800 m—

T ESTS Amptek mini-X and ;zg

PicoquantPLD 40008B

IIIIIIIIH_II'IIH]I]IHIIHII. I
.

500 _
; - A P!
- THGEM They show good | ,,V‘ﬂ i
electrical stability ;44F INM t\
g Gnd gCﬂn O_L . 41 s s Ly v b el b 4 4y Lt b 0 1 .4 4 A .hl\\|‘$ﬁt—4J L y
= 0 200 400 o600 800 1000 1200 1400 1600 1800 2000 2200 2400
L performance Charge [fC]
i T ndl 1.482/17
Prob 1
10 Constant -12.14 £ 0.2121
e e ey, LS0Re  00138430.000179 x| nal 7815/ 713
1050 1100 1150 1200 1250 1300 1350 Prob 0.03782
avi Constant 8.440 £ 0.005
Slope -0.1276 + 0.0003
B —— Light 300x300
- MICROMEGAS -
- icoquantPLD
= 40008 spectra
- with the complete 19
3 minipad prototype
- %2/ ndt 10.51/ 11 1 |
- Prob 0.4855 |
R Cons‘ant _7.062 t 0-07193 | l '] L 1 AL A 4 Ak L_L i 1 -] AL A 1
=, . . . .. .. |sope 0026350000145 0 10 20 30 40 50 60 70 80
450 500 550 600 650 Charge [fC]

AVIV]



fixed
25 ﬁ 96 : T
TEST BEAM - THE SETUP -
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TEST BEAM - RINGS IN Ar: CH, 50:50 AND PURE CH,

2D hit distribution
Shutter in front of radiator open Shutter in front of radiator close Difference between open and close
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HYDROGENATED NANODIAMOND

Gaseous Photon Detectors require a photocathode.
Up to date, only Csl has been successfully used. BUT:

> hygroscopic - water vapours
dissociate the molecule

> not robust to ion bombardment

Degradation
—> of Quantum

efficiency

EXTREMELY DELICATE HANDLING IS REQUIRED

Recently, HND proposed as valid alternative in UV

domain

@ A=140 nm Q.E. is comparable with Csl

HND is chemically inert and radiation hard

Quantum Efficiency [%]
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R&D MILESTONES AND STATUS

> Hydrogenation of ND by plasma treatment (MWPHCVD) @ T > 800 °C

> Coating by pulsed spray technique
* On PCB > Q.E. measurement (vacuum, gas mixtures)
* On THGEM > gain and stability (gas mixture)

REMARKABLE:

Hydrogenating the powder before coating makes it compatible with gaseous detector
components



QUANTUM EFFICIENCY

Photocurrent [pA]

Photocurrent at photocathode @ A = 162 nm.
Normalized using a calibrated photodiode.
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Effective GAIN

H-ND COATED THGEMS

Effective GAIN wvs. AV scan
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@ THGEM VIl — Measured again, 1 month later (August 19, 2019)
X THGEM VIII - Before coating (July 22, 2019)
A THGEM VIII - After coating and heat treatment (July 23, 2019)

Systematic characterization of H-ND coated and

uncoated THGEMs is ongoing

H-ND Coated THGEMs do not sustain HV

Possible explanation > water trapped due

to spraying procedure

Cure > heat treatment (T > 100 °C)

After heat treatment THGEMs performance

recovered h
U
o, My,
Q%
Q
substrate type ‘ sample label ‘ coating material ‘ number of spray shots
THGEM TB IX ND 300
THGEM TB VIIT HND 140
THGEM TB III HND 43
THGEM TB VII HND 55
THGEM TB XIX HND 59
THGEM TB XI HND 250
disc PBC1 ND 100
disc PBC2 ND 100
disc PBC3 ND 200
disc PBC4 ND 200
disc PBC5H ND 50
disc PBC6 HND 50
disc PBCY HND 25
disc PBC7 HND 50
disc PBC10 HND 100
disc PBC11 HND 200
disc PBCS HND 400




QUANTUM EFFICIENCY AND HEAT TREATMENT
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Sample PCB14
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CONCLUSION

Intense R&D is ongoing

MiniPAD prototype has been successfully tested in a test beam. Further work is required
" optimizing the design

* Study of a suitable front end electronics (current is no longer produced)
H-ND coated THGEMs are giving promising results. Next steps

* Complete ongoing comparative study (H-ND coated VS uncoated)
" Prototype with additional MM stage for single photon detection
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