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)i THGEM+CsI: 8 years of dedicated R&D
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Difficult mastering of the technology to cover very large area: el. stability and reproducibility issues
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@ COMPASS Hybrid THGEM+MM PDs 1N/~
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THGEMs |

Hybrid PD scheme IBF = 395  successfully
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Edinburgh, 16/09/2022, 11t International Workshop on Ring Imaging Cherenkov — RICH2022 Fulvio Tessarotto 3




I B) Minipad Hybrid THGEM+MM PDs INFW
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@ Nanodiamonds: the beginning in Bari INFN
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~M— A-prayed_diamond poweter (0.25 um)
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Antonio Valentini

- studies on carbon
nanotubes led to
identify diamond

" nano-grains as the
most promising
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@ Rich-graphite Nano-Diamond film NN
A it N conts
Csl bandgap: 6.2 eV; electron affinity: 0.1 eV; / 47 %

hygroscopic; ages by ion bombardment (*mC/cm?) T T T
% Rich-diamond ND

| -
[ %, 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 (%)
2§ |

-—+—ND _ (0d) L ——ND__(0d) y
Nano-Diamond grains (size: ~250 nm), with - D ( F — ID (0 :
variable sp? (graphite phase) and sp3 (diamond LR @) Kt i o (Ib)'
phase) hybridized carbon contents treated in H2 140 160 180 200 220140 160 180 200 220
microwave plasma show large QE: >40% @ 140 nm Wavelength (nm)

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

Photocatodes: diamond film obtained with Spray Technique
Spray technique: T ~ 120" (instead of ~800° as in standard techniques)
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NANOCRYSTALLINE STRUCTURE

) Nano-Diamond Q.E. INFN
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As received ND powder Diamond & Related Materials 76 (2017) 1-8
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I ) Hydrogenated Nano-Diamond NN
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A Hydrogenation: MWPECVD setup in Bari a PN

Hydrogenation
details:

Vacuum: ~6.5x10%
mbar.

70 mm between H,
source and ND
powder.

H, gas generated
by electrolysis
from distilled water.
H, gas flow rate
controlled to 200
scem.

Hydrogenation of
ND powder: 1 hour
at 43 mbar.

1380 W microwave power = 1000 °C temperature with 830 °C substrate holder temperature.

1250 W microwave power - 810 °C temperature with 650 °C substrate holder temperature.
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o
Different ND and H-ND INEN
Before Hydrogenation o ?

5 Miron_» ‘

Hydrogenated ND _EG6
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@ Pulsed spray coating in Bari inen

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

N, gas pipe
line

‘[ Glass micro
. pipette

Ultrasonic
atomizer
Hot plate
with
magnetic

§2>

stirrer

Spray | = () =
Conrol Gl
Interface J—'
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Basic questions about H-ND )
- INFN
and TGEM COLIp'lﬂg <t ot

- Reducing the electrical stability?
- Changing the gain response?
- Providing the same PDE as on PCBs?

- Uniform and stable?
- More robust with respect to CsI?

H — ND; Vv Moé*\ochroma;:or

preparation @ Bari : :

THGEM | | | | | | |
IPUEEEEET | surace viorehoiegy @

- : : : " : C tis : 1OM CNR;gLLeMgTrieste : :

- VUV Mohnochromator : N
: @ CERN ; ——-{ Profile scanning

%

Is the H-ND layer on the THGEM:

In Vacuum

Substrate

i “Coin” - : : :
I — ~=- %5 evaporation | 5 5 | 5 5
~ Coating :

: : } : : : : THGEM study with H—ND §
: : : : : : : @ Triste and Bari :
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) "Thickness” study gt

END Au PCB Coin Vacuum @ 2 kV/cm Quantum Efficiency Vs. H-ND
Shots @ 160 nm @ 2 kV/cm
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Sufficient surface coverage is reached with “100 shots” thickness

Edinburgh, 16/09/2022, 11" International Workshop on Ring Imaging Cherenkov — RICH2022 Fulvio Tessarotto 13



) Q.E. measurement setup in Bari INFN

Deuterium

NIST Photodiode\

Lock

Collimator

NIST PD
or
Photocathode

Multiwire Proportional Chamber(MWPC)

ooy

Lamp

hromator

Anodic wires

|nsu|ating ..............
support
Support L Photocathode

clips

Turbo
Pumps

Rotative
Pump

7=
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INFN
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Monochromato
r controller

High voltage
power supply

/ L e . ] P% N Ar gas
— - . : —— . cylinder
18 Entrance Slit
(0.01 to 3mm)

Display unit of =
vacuum pump

High voltage

Vacuum
pump control POWEL SUPDLY
unit Exit Slit
TMP vacuum (0.01 to 3mm)
pump
U o 2NN 'ra vUv
.Kiethley SEETRE - 00 e [ X — = Monochromator
Picoammeter N __. N
Mechanical Reflective
Sample knob Collimator
photocathode ‘ . _
interchangeable via ___ Gate valve with KF40 SS ‘ ' = J Vacuum pump
NIST PMT MgF, window bellow — - i unit
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@ Photoemission of different NDs and H-NDs a FN

OLD ND, H-ND [D&T]- 2019 ~ New H-ND [D&T, E6, and BDD]- 2021

- PDE vs. Wavelength : Vacuum f : : PDE vs. Wavelength : Hydrogenated ND -

1.00000 — f : f f f 10

0.10000 ::

H-ND D&T

0.@1000 ! anun e,

QE [%]

O, Z : 0.1 !

== Q — ND "% 5 | | H-ND E6

.ﬂnn : [ : ; /:
; IIII:| : [ | : . .

H-ND BDD

0.00010 L e SN S S U D S S S : :
120.0 140.0: 160.0 180.0 200.0 : 001 ! : : : :

: : : Wavelength (A) [nm] |- 130 140 - 150 160 170 - 180 190 - 200 210
i T et [

* PCB8 H-ND (400 shots) 500V OND Al substr [2019]

—+—HND D&T —+-HND E6 —<—HND BDD °

--*-Photocurrént-valués -:-H—ND? O-Id/-H--ND-new féc-tor- -'-“-3-'§for-\facu-|;|m-@160§ nm ... P SRR

Edinburgh, 16/09/2022, 11" International Workshop on Ring Imaging Cherenkov — RICH2022 Fulvio Tessarotto 16



@ Q.E. measurement setup with gas In/N
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ATEX compliant gas mixing unit
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.
) Photocurrent vs A in Ar/CH, gases INFN
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H-ND_D&T_1000 0C_PCB4
4.5€-11
4E-11 Vacuum
—e—Ar_CH4_00_100
3.5E-11
—e—Ar_CH4_25_75
—~ 3E-11 —e—Ar_CH4_50_50
Q.
£ Ar_CH4_75_25
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L
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~)
Photocurrent vs electric field INFN
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9

Substrate holder for H-ND_D&T @ 162 nm: Photocurrent vs E field for differentéAr:CH4 gas mixtdres

photocurrent measurement |- 10000

~—Ar_CHA4_97_03

| o Ar_CH4 95 05
1000 | | |

H-ND: Ar:CHé-mix | | _
- | Bk seatteing - P b AR
 dominated region

100 |

| -—ArCHAZ90 10

Ar_CH4: 85 15

Photocurrent [pA]

~—Ar_CH4_75_25

—

10 | . E E E E | | E

-+ == Ar- CH4: 5050 -

H-ND : Ar:CH4-mix
Multiplication -
dominated region ;"‘A'_CH'Q.%DO_IOD

A=162Aam |
H-NDD&T

0 05 1. 15 2 25 3 35 4 45 5
: : : : Electric field [kV/cm] : : : :

Gap between substrate and electric wire: 4.4 mm.
Scan performed with MgF2 window in vacuum and various Ar:CH, gas mixtures
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») Photocurrent vs E in Ar/CH, gases IN/N

.
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" Photocurrent [pA] L

HND_D&T 1000 °C_PCB_4 | | |

]; | ; ? =

Photocurrent [pA] at 0.4 kV/cm and at

25.

20 : T |

.| Ar:CH8-97:03.| .. | Ar:CH4-90:10.1| ... .. .

Photocurrent [pA]

10

s:

D 20 © 40 60 - BOD 100
: L CHARL ]
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Electricfield [kV/em] i o]
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15 | e | ' ——Ar'CH4_75_25'
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——Ar.CH4_90_10:

- Ar_CH4_85_15 |

—— Ar_CH4_50_50

——Ar. CH4_00_100

2 Ar:CH4_50:50 ~9% lower PDE compared to Pure CH4

CI Ar:CH4_?5:25 "'Zﬂ% lower PDE compared to Pure CH4 : : : : : : :
U Ar:CH4-97:03 ~55% lower PDE comparedtoPure CH4 =
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I Z)]  ASSET at CERN RD51 Lab ——
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Calibrated Csl PMT

Reflective mode sample

Setup

Deuterium lamp l

Monochromator

Aging tests performed thanks to the possibility to irradiate the sample inside the setup
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. . /‘)
First aging measurements  iniN
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gl X % EEsteEE | preliminary indication:
O’ L. o After 0.263 mC/cm? Charge Accumulation . .
0.08— After 2.895 mC/cm® Charge Accumulation H-ND is at least ten times more robust than Csl
| After 5.527 mC/cm? Charge Accumulation . o o . o
- gl S ———— against irradiation and ion bambardment
0.06— | %
B z
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- % . ¥ N s MM 160E-01
B . |
B n - ® & a [ 4 . LI
1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 T 1 1 I‘
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A (nm) ¢
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THGEMs + H-ND i
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9

First trial of THGEM + H-ND not successful: coated THGEMSs lost electrical strength.

Second trial: both full and half-coated THGEMSs

- N IR

_____ FeSS Source
5 o FS— _ Kapton Foil
: | : ' rift Wires
----- -----------  THGEM
' | ' | ReadoutPads

Schematlc Dlagram of the Chamber
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9

First results were puzzling:

J. Agarwala, et al.

Nuclear Inst. and Methods in Physics

Research, A 952 (2020) 161967

THGEMs H-ND INFN

)

Istituto Nazionale
di Fisica Nucleare

=) Systematic studies: 15 THGEM
samples characterized

o

Comted Coated Half:
Enirias 1024 _
Maan 167.4 Gainled.8 7
Ams 65.7 Sigma 39.42 ™
e 74 55 68 _
150 Constant 9314 + 1,55 En. Res. 0.24 g J
Pdaan 1648 = 0.7
Sigma 3042 +1.09
Uncoated
Eririas 1054
100 Whaan 70.53 ‘
L H.T4
it ¢ et 2732030
Conslant 177438 Uncoated
Maan 7538 £ .24
a0 Sigma 1102 + 030 Half: (
Gain 75.48
Siema 11.12

En. Res. 0.15 (

O 100 200 300 400 500 600

Gain

Figure 4: Gain behavior of THGEM with 20 gm rim, half-coated with nanodi-
amond. It is clearly shown that the gain in the coated part is almost two times
higher than that in the the uncoated part.
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THGEM characterization INFN
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Charging_Up measurement: TB_XXIV_Uncoated

Full characterization including charging up e ; ———

[ 160 L
measurements before and after H-ND coating - 323
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THGEMs are H-ND compatible

Volteige Scan : TB_)(VII

000
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7=
INFN
C

heat treatment after coatihg
and p/T corrections +
charging-up are essential

PT corrected Effective Gain in saturation part

Istituto Nazionale
di Fisica Nucleare

Coated

THGEMs

‘H-

TBIXV 82 ND_BDD_H 87 +6

-16
18
#10

TBXVI 75 NDE6H 63

T8_XViI ‘84 NDBDDH 69

TEXXIV ‘82  ND.D&TF 91

(1150 1200 1250 1300 1350 1400 1450 |

Max AV_THGEM vbltage susftainabi]ﬂfy

Coated
THGEMSs

Uncoated

THGEMs

TB_XV 1325 © H-ND_BDD_H 1325

. TBXVI- - --1375 - ND-E6H - 1400 - -

TB_XVII 1350 ND_BDD. H 1325

TB_XXIV 1375 ND_D&T_F 1325

The response of THGEMs as electron multipliers is unaffected by H-ND coating
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CONCLUSIONS i

~ Istituto Nazionale
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2

. Exploratory investigation on H-ND photocathodes
= Promising values of Q.E. in the far UV but no clear reproducibility.
= High robustness against moisture, light irradiation, ion bombardment
=  Perspective of coupling H-ND with THGEM-based PDs
= Full compatibility (same electron multiplication response if correctly coated)
= Systematic study for gas, HV config. and detector geometry started

c Potentially interesting for windowless gaseous PDs, Picosec, fire detection, ..
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