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COMPASS MAPMTs with lenses 1NN
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Hybrid MPGD-based PDs 4.
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modular structure: one module = 600x300 mm?2 f- Fisica Nucleare

Hybrid PD scheme

Micromegas gain uniformity




COMPASS THGEMs it
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Measurement of the raw material THGEM polishing with an | .
Production, accepted: >90% break-down limit obtained
* 15 um < gain uniformity o < 7% — : .
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The anodic pcb INEN
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Signal read out via capacitive
coupling pad readout and

APV25 F/E boards

i = Mesh at ground
Detector

COMPARAT OR_IDEAL

Pad u1

8mm X 8mm pads T >

anodic pad PCB produced by TVR at positive HV 1 r
Strong techn.ologlcal. éffort fc?r the PCB (multllayer 3.2 mm thick) Tests on 2500 pads: 470 MQ resistor for
to comply with specific requirements of planarity, surface electrical continuity  each anodic pad
quality, layer thickness uniformity, surface irregularities. and capacity meas.

“Z drilling controlled “surface anode” pad > 38-42pFipa

via” = planarity issue
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through the
hole of red
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“buried pad”
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v Assembling and installation INEN
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m COMPASS Hybrid PDs performance U//’?
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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 mm2 with
0.5 mm inter-pad space
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Ar:CH, 50:50 Picoquant PLD

\| The minipad prototype tests
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A NEW PHOTOCONVERTER: )

Rich-graphite Nano-Diamond film T
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O

Csl bandgap: 6.2 eV; electron affinity: 0.1 eV; / 47% (1)
hygroscopic; ages by ion bombardment (*mC/cm?) N B B B B [ iy p e B
¥, Rich-diamondND  {[ ¥  Rich-graphite ND ]

Diamond bandgap: 5.5 eV; chemically inert and
robust; if hydrogenated: electron affinity -1.27 eV

Hydrogenated chemical vapor deposited diamond
films (4-6 um) known to have QE ~15% @ 140 nm.

Heterogranular-structured diamond-gold
nanohybrids proposed as stable field emission
cathode material

Quantum Efficiency, QE (%)
% a3 3

=——ND  (0d) 3F——ND__(0d) .
Nano-Diamond grains (size: ~250 nm), with F D ( : ]
variable sp? (graphite phase) and sp3 (diamond 10-3'75_.N.D'H.(0 d) @ —IEI—NID-I-JI (O.d). | (.b)'
phase) hybridized carbon contents treated in H2 140 160 180 200 220140 160 180 200 220
microwave plasma show large QE: ~“50% @ 140 nm Wavelength (nm)

L.Velardi, A.Valentini, G.Cicala, Diamond & Related Materials 76 (2017) 1 ‘

NEW !1!
Photocatodes: diamond film obtained with Spray Technique
Spray technique: T ~ 120" (instead of ~800° as in standard techniques)
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I@ PHOTOEMISSION MODEL  iniN
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(a)  Untreated ND (ND,__..) Hydrogenated ND (H-ND, ND-H) (b)
o Diamond  Graphite & Diamond Graphite
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Schematic representation of the process of photoemission components sp® e sp? for
PEA (a) and for NEA (b)
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TEM IMAGES
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Properties Diamond Csl
Density (g/cm?) 351 4.51
In hatred highlighted Eg eV 55 62
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. <leV
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1 ,., . ol
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Diamond & Related Materials 76 (2017) 1-8
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|@ Hydr'ogention setup INFN
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MWPECVD APPARATUS at lab of (CNR-ISTP BARI)
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@ Hydr'ogencﬂ'ion setup IN/F,I?
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PCD and NCD films, and H, plasma for treatment of
sprayed ND layer and ND particles

R-D layer R-G layer

— (@)
CNR-ISTP Sezione di Bari —
Spraved ND
Laver on Si

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Related Materials 76 (2017) 1-8
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] og o /»-)
) Diamond Layer Deposition w N

-Low Temperature Deposition ( <120 °C)
- Good reproducibility technique
- Scalable to cover large areas

Sonicator

Spray Control Interface
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I@ PULSED SPRAY TECHNIQUE v/
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Quantum Efficiency Vs. H-ND

> Shots @ 160 nm @ 2 kV/cm
a
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line ;:
W
W 4 i vipette § [
RE D : i ?
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0
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Sufficient surface coverage with “100 shots” thickness
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@m H-ND on PCB and THGEMs &?

QE in vacuum

Thermal evaporation
coating

ND R&D SCHEME [

CERN \/
Ageing study
Profile scanning

QE in vacuum and in
different gas mixtures

</

K.Pulse spray

coating /\
BARI
k_/) TRIESTE
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‘m H-ND Q.E. measurement &m

Monochromato
r controller

High voltage
power supply

Ar gas
cylinder
Entrance Slit

(0.01 to 3mm)

L3
Display unit of
vacuum pump

Vacuum
pump control
unit Exit Slit
TMP vacuum (0.01 to 3mm)
pump
vuv
Kiethley Monochromator
Picoammeter
Reflective
Sample Collimator
photocathode ) \
interchangeable via ___ Gate valve with KF40 SS b -+ Vacuum pump
NIST PMT MgF, window bellow _— ! unit

Figure : McPherson VUV monochromator for the photocurrent measurement at INFN Bari, Italy
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@V ND and H-ND Quantum Efficiency IN/J?

Q.E. vs. wavelength
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H-ND sprayed on Au-coated PCB (THGEM like) shows promising Q.E. values
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@ Exploratory H-ND aging study &Q

Setup Ca"b'mdcsww i Aged Q.E./Original Q.E. [H-ND, 50 shots, 160 nm]
ll "1 1.1
Deuterium lamp 1.0 i
Monochromator _ I .
o P 001
g ? g 0.8 X-RAY IRRADIATION OF H-ND
i :___. Transmission mode sample O‘ 0,7
o i
'E 0.6 i °
.‘_U| 0-5 I
&) 0.4 i
0.3 ° °
0.2
0.1 1
0.0 : : : . .
0 10 20 30 40
Accumulated charge [mC.cm 2]
preliminary indication:
H-ND at least ten times
more robust than Csl
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@) H-ND compatibility with THGEMs in '~
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THGEM effective gain vs. bias voltage

e Before H-ND coating

a  After H-ND coating
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A SET OF SMALL THGEMS PREPARED AND CHARACTERIZED 1480 1500 1520 1540 1560 1580 160*3&:!6[%3

FOR SYSTEMATIC H-ND STUDIES H-ND coated THGEMS
operate nicely as electron multipliers

next step: build and test a full prototype of hybrid THGEM + MM PD with H-ND
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@ CONCLUSIONS it
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= COMPASS MPGD-BASED PHOTON DETECTORS
= COMPASS RICH-1 provides outstanding hadron PID
= MPGD-based hybrid THGEM+MM PDs nicely operating since 2016

. QUEST FOR HIGHER SPACE RESOLUTION
= Minipad modular prototype with COMPASS hybrid architecture
= Promising results from lab and test-beam exercises

. Hydrogenated Diamond Nanogranes are a potential alternative to CsI:
= Competitive QE in the very low wavelength range

= Coupling to THGEM-based PDs seems feasible
= A more robust photocathode for future applications
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