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Gaseous Photon Detectors o

Historical overview of gaseous detectors

MWPCs with CsI Photocathodes

GEM-based PDs

m THGEM-based PDs
o Other architectures
" Gaseous detectors for visible light

Cryogenic gaseous photon detectors

Large area coverage
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Glorious tradition: 100 years of v

gaseous detector developments i

1908: FIRST WIRE COUNTER
USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY 1911: CLOUD CHAMBER

Y a—

&

E. Rutherford an H. Geiger ,
Proc. Royal Soc. A81 (1908) 141

Charles T.R. Wil
1928: GEIGER COUNTER Nozzelelirize in 15207n

SINGLE ELECTRON SENSITIVITY
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COINCIDENCE METHOD

Ernst Rutherford

4 .

Hans Geiger

Walther Bothe
Phys. Zeits. 29 (1928) 839 Nobel Prize in 1954

H. Geiger and W. Miiller,
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Glorious tradition: 100 years of v

gaseous detector developments &

SPA_RK CHAMBER 1952: BUBBLE CHAMBER 1968: MULTIWIRE PROPORTIONAL CHAMBER
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George Charpak :
Nobel Prize in 1992 1%
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Glorious tradition: 100 years of -

gaseous detector developments — C :ue

: PPC
Gewer Counter
n_r_-,..ﬁ.-.-.-_,.,..,...., yeap Parallel Plate Counter

Proportional Counter Peslay

Counter
Y Pesiayr 198

Resistive Plale Chambers
R.Sanionioo RLCardmredli 1941

TPC

Time Projection Chamber
DJLNygren o al 1974

MsGC

N Microstrip Gas Chambers
e L A, Ocxl 1588
Gas Electron Multiplier —
F Sanli 1847

Micromegas
| Clomataris el af 1986
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> Many different MPGDs have been developed INFN
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)
2 very solid, fully established technologies: &FN

MICRO MEsh GAseous Structure (MICROMEGAYS)
Thin gap Parallel Plate Chamber: micromesh stretched over readout electrode.

Y. Giomataris et al., Nucl. Instr. and Meth. A376(1996)29

: 1 GAS ELECTRON MULTIPLIER (GEM)
i "l | Thin, metal-coated polymer foil with high density of .

I_»;. ﬂ...._..ﬁ.., ;. F holes, each hole acting as a proportional counter. '
I ' | F.Sauli, Nucl. Instrum. Methods A386(1997)531

r.-"_ ; M_-. :-'-e ::,_:_

HIGHER LUMINOSITIES, HIGHER PRECISION EXPERIMENTS

1. MPGDs allow for
 High rates (granularity & occupancy, signal formation time)
 Fine space resolution
2. Technological maturity and accurate engineering FUNDAMENTAL for
successful MPGDs
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MPGDs at CERN Experiments

Despite original MSGC discharge problems, MPGDs have been chosen for all LHC upgrades
(mostly for muon systems)

CMS (GEM, uRWELL) COMPASS 2TGEM+MM, MM, GEM)

GLACIER(LEM)

Some of them running,
Some of them approved for upgrades
Some of them under evaluation

ALICE(GEM) ™%

NA48 (MM)

LHCb (uRWELL)

o/ «sslCAST (MM, InGrid)
ol

ATLAS (MM) i il <
e ) '_hlAEdj ﬂ{ — L —d ———

RED = LHC s R T, DIRAC (MSGC-GEM)
R

CHCA Corm Natrinos o
LER Lok f j  LiAE  LiNear Alcelerst
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MPGDs and RD51 ol

Igtituto Nazionnle
di Fislca Nucleare

- MPGDs exist thanks to a few genial inventors
- Great progress due to engineering for the use in experiments

o Recently, a fundamental boost thanks to RD51:

“RD51, aims at facilitating the development of advanced gas-avalanche
detector technologies and associated electronic-readout systems, for
applications in basic and applied research.”

RD51 serves as an access point to ;';r
MPGD “know-how” for the world-wide g
community
g Spa_ce and resources for non - ~ 80 Institutes from 4 continents: Europe, Nord
project related R&D and South America, Asia, Africa

~ 450 physicists
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RD51 Working groups INFN

‘ ~ latituto Nazionnle
. di Fislca Nucleare
Technological Aspects and

Development of New Detector _
P Common Facilities : Test Beam and Laboratory
Structures

Bl 2 .
HE“. =i WGL:

Common Characterization WG2:
and Physics Issues )

Production, quality
control, industrialization

Academia-Industry Matching WG-?'/NEW WG:

Events, Training, Education
/ Simulations and Software Tools

COCinNe 0o
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photon conversion and Cherenkov light ww

Istituto Nazionale
di Flasica Nucleare

lams, H. E. and B. Salzberg, "The secondary
emission phototube," Proc. IRE 23, 55 (1935).

Heinrich Rudolf Hertz
John Sealy Townsend photoelectric effect, 1887

Pavel Cherenkov 1904-1990 llya Frank and
Nobel Prize in 1958

Tom Ypsilantis 1928-2000
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Motivation INFN

‘  1Etitutio Naziannle
di Fislca Muclears

- need for n-K identification from HEP Experiments
- Large momentum acceptance - Cherenkov angle measurement technique
- Large angular acceptance - large area of efficient single photon detection

Particle Identification Techniques:

TR+dE/dx electron identification _ _
Cherenkov | m-K identiffication range
e
dE/dx . i
[ |
TOF : K
150 ps
FwHM [N
0.1 100 1000

10
p (GeV/c)

1970s: large area position sensitive
gaseous detectors available

Suitable photo-ionizing agent:
benzene: Seguinot-Ypsilantis NIM 142 (1977) 377,

TEA (7.6eV) NIM 173 (1980) 283,
TMAE (5.3eV) NIM 178 (1980) 125.

a gas gain high enough to detect single
photoelectrons

conflicting requirements because of the copious
UV emission by the multiplication avalanche.

solution: multistep avalanche chamber
(Charpak-Sauli Phys. Lett. B 142 (1977) 377) or TPC

Gaseous detectors: 1) cheap, 2) magnetic insensitive, 3) low material budget
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RICH with large area gaseous PD’s = i

[

1St generation: photoconverting vapours ~
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10 — NIMA 554 (2005) 147
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Wavelength (nm)

Transnission (%)
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TMAE INFN
K~ lpnae e

—~140
100 —— E120 o
so | . 3100 DELPHI barrel RICH
+ ] 80 L 4 Photosensitive volume:
§ el 1 < 5 cm thick
= X 60 ®
an 19}
sl | 2 40 r
o é *
I_u" 70 . < L J
& 5 20 ~ T
_"-__i_ 2 ’
Y4z =0 180 170 180 190 200 210 270 230 0 0 2'0 4'0 6I0 8I0
NIMA 323 (1992) 351 Wovelength —  [Inml
T (°C)
E:e- “:‘54 f;f:"?/ 4 ‘ l:ulr;od: fuw I::waen ook
oo *-—E‘*—-"”%/ P E Outr s (ot -t -thick photosensitive volume (slow photon
ol N 51L 3 dmoa s detectors, parallax error)
M | T Focusing S gating grid wires
J *heating and temperature control
(T _bubbling <T_operation)
L = Anode wire *photon feed-back _from amplification region
- 7 (protections)
I—@?— Jmm . .
L mm schemically extremely reactive
DELPHI barrel RICH, NIMA 273 (1988) 247
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Thin CsI film provides UV .

Pho*oconverSlon ‘ - II'-'1;:1:ulﬂ ‘l__-’-lnrin-'_lll-‘
1956: 1 vacuum operated
Csl layer has large e photocathodes
QE for photons were developed for space
with hv > 6 eV o 7 astronomy:
(Philipp and Taft) E % G.R.Carruthers,
316% A< Appl. Opt. 8(1969) 633
R / Appl. Opt. 12 (1973) 2501
§1o / j{q Appl. Opt. 14 (1975) 1667
16° / / ; The first position sensitive gas
. 4 detectors with Csl
*© ;F' photocathodes were developed
| | e VA NEE S at the end of the 80s:
et s i i i, O ok s e, Dt () w « | G.Charpak et al., Proceedings of
platinum heater, (7) collimating shiclds. )rr-;.:];d ;r gs:c:arlf .:;st?al;u:;::k ;l:n ,t:l:) l;l;;:oz!;c;tgf Sympos|um on Par“cle
{c} thin film evaporated in presence of excess Cs. Identlﬂcatlon at
3. Bhys. Chem. Solids. Pergamon Press 1956. Vol. 1. pp. 159-163. High Luminosity Hadron
PHOTOELECTRIC EMISSION FROM THE VALENCE Colliders. Fermilab. Batavia. IL
BAND OF CESIUM IODIDE 1989, p ’295 ’ T
GcncralElectricRtuthﬁitorﬁis;or&zﬂccudy, New York JSégUIﬂOt et al" NUCI' InStr' and
Meth. A 297 (1990), p. 133
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Thin film photo cathodes

Semitransparent photocathode:

Light absorption 0 20 30
e- propagation cathode thickness (nm)
e- escape

fraction of absorbed

photons

window

A\
— ,Osm
‘5/0

fraction of escaped

electrons

distance to vacuum (nm)

vacuum _ ‘ ‘ .

rel. eq (arb. units)

20 30

cathode thickness (nm)

substrate
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Reflective CsI photocathodes

T0 J. Séguinor et al./Nucl. Instr. and Meth. in Phys. Res. A 371 (1996) 64-78
8 . Csl is highly reactive
Gos outlets Gos inlets e | ¢ Honeycumb . . .
- . ¥ with moisture:
- i it took many years to
J—T = e develop appropriate
CofF2 Windows < | o % CFy4 liquid rediatar -
T ; . 1| substrate preparation,
B < e Quartz window g m
| deposition method,
L. o | handling technology
T for high QE gaseous PDs
- ! 1 Argas
2 [
¥ T .
a Townsend
_____ avalanche
Gos inlet W i !'f | <
Gas outlet IRETYTr 5334 | Pads { 6,604 x 5,334 )
Gos inlet | \_\_./\/
Fig. 9. Cross section on the Fast-RICH Prototype showing the details of
radiator and detector geometry. ‘ o
P @ Cherenkov
J.Séguinot et al., Nucl. Instr. and Meth. A 371 (1996), p. 64. ‘ photon
This technique was pioneered by T. Ypsilantis and \ ®

J. Séguinot, who built an extraordinary prototype
and correctly concluded the technology was not
adequate for the extreme time performance they needed

thin layer (300 - 500 nm) of
Csl on a cathode pad plane

17
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RNNE 7 Ny g8 1992, F. Piuz et al. Development of large area advanced fast-
Francois Pil “megr RICH detector for particle identification at LHC operated with
ANRE e SN heavy ions

TO ACHIEVE HIGH Csl QE:
Substrate preparation:

Cu clad PCB coated_b%Ni (7 pm) and Au(0.5 ym), surface
cleaning in ultrasonic bath, outgassing at 60 °C for 1 day

\ Slow deposition of 300 nm Csl film:
: 1 nm/s (by thermal evaporation or e-gun) at a vacuum

./| The best fused silica cuts here | of ~ 10”7 mbar, monitoring of residual gas composition

0.45
| I I .
i e B Thermal tre_ajtment.
. = PC38 (2002) after deposition at 60 °C for 8 h
085 T o 3= S romnes | Careful Handling:
e ] —o—TUM-HADES .
0.3 e -
W “Woa measurement of PC response, encapsulation under dry Ar,
oy D2k ~ I mounting by glove-box.
o 0.2 e .
< e N Schematic structure of the COMPASS Photon Detector:
- u\:,- 3
0.1 ‘:l\\ Smm | | —— Quartz Window
0.05 Thee
o E Collection Wires
-5 I
150 160" 170 180 190 200 210 220 20mm @ M KB SRS
wavelength [nm] Cathode Wires
Fig. 1. The QFE of Csl PCs produced at CERN for ALICE and (50 mm, Zmm pitch)
at TUM for HADES, compared to that measured at the W.L.S. 2 :
on small samples (reference for RID-26). PC32 is one of the four Omm ?‘? ::frl[i' :?:::;E:S;lc}l}
PCs equipping the ALICE-RICH prototype used in STAR at - ; F
BNL. - .l 9.0 1 | 1 R e b e
A. Di Mauro, NIM A 525 (2004) 173. » Pad Cathode Plane

(BxEmm pitch) 18
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RICH with large area gaseous PD’s
2nOI generation: MWPC’s + Csl

TIC, NA44

HADES
1999

Csl>1m?2

4
-
I

COMPASS RICH-1 2002 STAR

Csl > 5 m?

Tours, 06/07/2017, 8th International Conference on New Developments in Photodetection NDIP 2017 - Fulvio Tessarotto 19



S B Al TR A e I

T 1 Neoceram

C.F,, liquid
1 radiator

CH, collection
RADIATOR: 15 mm liquid Cg4F,,, electrode
n~1.2989 @ 175nm, By, = 0.77 :
PHOTON CONVERTER: Reflective 2
layer of Csl (QE ~25% @ 175 nm)
PHOTOELECTRON DETECTOR: ,
MWPC with CH, at atmospheric sl s e e MWPC
pressure (4 mm gap) HV = 2050 V. i Eront-end

electronics

- Analogue pad readout

fodufes, each ~1.5x 1.5 m?
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COMPASS MWPC's with CsT  IN/N

Istituto Nazionnle
di Fislca Muclears
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Istituto Nazionnle
di Fislca Nucleare

=  Photoelectron extraction from a CsI film, the role of gas and E
gl 2 CH4, 200 Tor °
e ® y4f° CHa, orr ;
szf VACUUM " vacuum 4.8 10°mbar i 1.4 E CH4 80O Torr .
3k . . . & 1o L® CH4/i—C4H10 (95/5), |
[ amemmmmemmmeEe RS 5 " 800 Torr 3
s A
10 3 EClwey @ # 1
g § 0.8 g ~|
C ':;, L
: S *% : EE A. Breskin et al
15500 {0000 15000 30000 25000 30000 E/p [V/emsTorr] | B NIM A 367 (1995) 342
Volt over 1 cm
160 - Y .
| Alm. pressure y
—_— 140 . Gas NMow mode ‘,-’
g. 120 ..- a ] .' m
= ....Ill e va _ i .
=100 5 084 —
5 . F L Ar/CH4=66/34 S |5 it
= 1 ] e ord =: . ? . -
3 60.%* L s Ar/C02=70/30 I Y
et - [T N n :m
_g- 40 +l + NE/CH4-—6238 = ;;‘ ::;;Eu:r:a
¥ o CH4 B
é 'l'f"-‘ AT CHe
0.44% ' R T T
oo ns 1.0 1.5 2.0 25 an
0 2000 4000 6000 8000 €, (kviem)
E (V/cm)
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photons / ring (p = 1, complete ring in
acceptance) : 14

Ggph (B=1) 1.2 mrad
. Gring (B = 1) : 0.6 mrad

. 2c 1 - K separation @ 43 GeV/c

PID efficiency ~ 95% for 6 ¢,, > 30 mrad

except for the very forward region

p (GeVic)

After a long fight for increasing electrical stability at high m.i.p. rates and
systematic studies at the CERN GIF we came to the same conclusion as
Ypsilantis and Seqguinot:

J. Seguinot et al., NIM A 371 (1996), 64:

1C'.s:I-)I‘/\WPC with 0.5 mm gap to minimize ion collection time, fast front-end electronics (20 ns int.
ime):

stable operation is not possible at 10° gain because of photon feedback, space charge and sparks
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MWPCs with CsI: the limits m/rr?

Istituto Nazionnle
di Fislca Nucleare

= Jon accumulation at the photocathode moderate gain: <10°
. (effective gain: <1/2)
= lon and photons feedback from the multiplication process not fast

= lon bombardment of the photocathode (IBF > 50%)

MWPCs > slow signal formation
+ low gain > "“slow” electronics (signal
integration, low noise level)

0.2 mC/cm? K

» (Gassiplex FE : integration time ~ 0.5 us,
time res> 1 us

= APV (COMPASS RICH-1 upgrade) :
resolution ~ 400 ns

->

L o ) MPGD technologies are needed
H. Hoedlmoser et al., NIM A 574 (2007) 28. to overcome these limits
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ION & PHOTON BLOCKING
GEOMETRIES

INF
C

/_.,

N

Igtituto Nazionnle
di Fislca Nucleare

GEM-based PDs

An “old” idea

Uv-photens

R. Chechik et al., NIM A 419 (1998) 423

Signals

Semi-transparent PC

\ hwv
hw

2 Reflective PC
' v
A il
v ___
GEMI
Ld
=¢ _ GEM2
% TN
= ~ GEM3
e — e aniOdE
strips
| Fawr
DRI - s ol oy i o
Reflactive ey ; 3
photocathod e Mae W i
GEM1
4
=
GEMZ
LY A i
|
GEM3
L r i
7t
GEM4
- .lj -
anode mesh., _ _ _'E __________
elachong ians

A. Breskin and R. Chechik, NIM A 595 (2008) 116
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HBD- Cherenkov detector with GEMs +CsI

v’ Proximity focus
configuration, no window,

no mirror
v CF, radiator and active gas. 088"
L,.,=50 cm —
v’ Very large bandwidth i
108 - 200 nm

(6.2-115eV) . &1
v triple GEMs for ..... ‘
signal ] i
multiplication
v’ Csl photocathode

W. Anderson et al.,
NIM A 646 (2011) 35
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HBD - hadron blindness '

di Fislca Muclears

mesh

v T T T r.r T 1. r.r T T r.r T 1. r.r
NN NN NN NNNN N NN  E NN NN N E ' 'Charge:)”heele;tmns
\LEL Field phOTO ]E:;rrr:\aré)é/lzr)\(lzahon i —+— Charge of the hadrons
electron [ ; 5
CsI (350 4000
— ——— — GEMS 2000 S _._..__'__._ ................................... —
[ g ++
— — — -
— — —— -Q—_._.._
— N — o : '."—.-_'__.__._‘.-'
M PP PP
pads % 20 30 a0 50
Charge (p.e.)

a. Detector operated in reverse bias mode to repel the ionization
charge from dE/dx

b. Cherenkov light is formed only by e* or e-

c. Successfull operation at PHENIX since severs| years
d. It is not a detector of single photons

———
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GEM-based PDs and IBF  inin

i I 4
= - lr *
m . ‘ ~ latituto Nazionnle
sl

1

., - di Fislca Nucleare
rich literature about IFB in GEM-based detectors = y
here examples with semi-transparent PC B gf i ke
=
_L Cathode
b w2 d |
- = v Itop1
+ strong dependence from gain and Epger B P B2l
- B n
 poor dependence from pressure and gas type g 2 A7
E ~ 1 kV/cm needed B -
for good photoelectron l‘ﬁ - GEM?
extraction B - > @ o
Ep= 0.5 kV/icm : _ m g
R e | T L 3GEM ] 2 GEM3
:é:-\\\‘\“\lm e . ] i ;bm\‘l
i’ : ] = [ avsav_ =05 5 E - bottom3
o = ] = b Gain=5000 e "
E o | E=05kViem ] Yk 3 o N
8 2 't e adcF, (o010 4 g - ] IA
5 [V Ad/CH, (9010) & AV AV =10 ]
= 0 Xe/CH, (90/10) = ] _ﬂm—w
| E,=0.1kViem = Gain = 3000 i :
3 [ 2 aemono  [E =01 kViem 2 1| | The same for reflective PCs :
Tw 0 0 T ™ Thee %) I small and reversed Ej is needed
Gamn E, (kV/em )
. o H
A. Bondar et al., NIMA 496 (2003) 325 . IBF: a few % level in
A. Breskin et al., NIMA 478 (2002) 225 .
(200 effective GEM-based
photon detectors
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OVERCOMING IBF ol

< latituto Nazionnie
di Fislca Muclears

More complex geometries needed with extra electrodes to trap the ions:
Micro-Hole & Strip Plate (MHSP), COBRA

E:R-M HSP. ......

]
M HSP X-Ray defector | J F C_A. Veloso et al.,
Rev.Sc. Instr. 71 (2000) 2371

nglallon window

J'l'
%m

...... ., R-MHSP " ,E{kw-;m] h’}"" Ex0.9vlor _‘ E[!-:Wcm]
I 1 ] i1 -

a)! 1 eaivien 1111 e 720 St I

n A0

N 40 i'-'-."3' -"'- Lizni S0
sy T ety TR T O g
i il [alov L 7ov ) il 2 T Sod) P 5123
- . @ £ A 20 T ) T TT 7 3
- .I'_.-'.I. ‘-# 15 -I I.J__ l\:.\-.-;l - 5
 SaTTAS 4 ' 10 ::';;':.':::T-.'.-.:zi:.;';';l.;.
4 \ g, 5 ey I g
/ cersgon Sl E-1chm 0 | AV.Lyashenkoetal., [
e N itieeh chtithidit At JINST 2 (2007) P08004
' ‘ \
| | | \
107 e 100 et P
F-FR- MHSF'.'GEMI'MHSF‘ E i ! i! Ippﬁﬂ'ﬂmﬂﬂ 3
it P et
r\E,,.—,ﬁn.sw.fﬁn— E -
02 H-I!' \", 1o I .l,{' /4
E S : i ==
PR == ek = R e [ 10 TPC ' A.V. Lyashenko et al.,
: —— NIMA 598 (2009) 116
104 T. 104 | H GF’:“ ( )
: i R Rt
ArCHZ{B515), 780 Torr ?QU‘WT-’-"QHH%'H E
o LU 1 AT T
£ 4 - (& 107 10t 10t 1ot 107 0 105 108
- , Tolal Gain
A V. Lyashenko et aI oo

NIMA 598 (2009) 116
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GEM-based PDs and GAIN inin

Istituto Nazionnle
di Fislca Nucleare

= GEM-based PDs in laboratory studies

= for single photoelectron detection, they have been operated at gains >
105 (see, for instance, the plots of the previous slides)

=  GEM-based detectors in experiments
= Always a MIP flux and small rates of heavily ionizing fragments crossing
the detectors (even when the detectors are used as photon detectors)
= At COMPASS: G ~ 8000 (B. Ketzer, private comm.)
= At LHCb: G ~ 4000 (M.Alfonsi NIMA 581 (2007) 283)
o At TOTEM: G ~ 8000 (G. Catanesi, private comm.)
o Phenix HBD: G ~ 4000 (W. Anderson et al., NIMA 646 (2011) 35)

- In experiments, small chances
to operate GEM-based PDs at gains > 104
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THGEMs m}?

‘  latituto
di Fislca

t

Mu

Nazionnle
cleare

GAS ELECTRON MULTIPLIER FORMED BY A RIGID DIELECTIC FOI
BETWEEN ELECTRODES, PROVIDED WITH A PATTERN OF HOLES.

In a proper gas and with electric bias it can provide large electron
multiplication

Material: - FR4, permaglass, ..
- PTFE, PET, ARLON, ..
- glass, PEG3 (etchable glass), ..
- ceramic

Holes: - mechanical drilling
- water jet
- laser
- chemical etching
- preformed (capillary plates)

(1 € per 1000 holes)

Trieste, 21/04/2017 XVI Incontri di Fisica delle Alte Energie Fulvio Tessarotto
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- THGEM-based PDs, why ?  Inew
DIP _ (" istuto Nazionai

=  pobust ,
- . . Hole diameter : 0.2-1mm
=  mechanically self supporting Pitch : 05 -5 mm
= industrial production of large size | Thickness : 0.2-3 mm
boards

= large gains have been immediately
reported ( )

=  Geometrical dimensions X ~10
= But e- motion/multiplic. properties do not!

= Larger holes:
. . . introduced in // by different groups:
- dipole fields and external fields | L periale et al., NIM A478 (2002) 377.

P. Jeanneret, PhD thesis, Neuchatel U., 2001.
are strongly coupled P.S. Barbeau et al, IEEE NS50 (2003) 1285

o e dispersion plqys a minor role R. Chechik et al, .NIMA 535 (2004) 303
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THGEM rate capability and IBF inrN

L ' ~ latifulo Nazionnle
pE > di Fislca Nucleare
. . IBFR (%)
High rate device IBF control | N
s [12 23 A
5 1 14 P [21 22 2% |
af 1] 2 H
§ 1 | Irradiation: Triple THGEM: of [ @ 22
~1 |8.9 KeV X-ray 7 lon Back Flow ; _
] T reduction by o (= z
] . staggering plates F o= o - = =l (=
Sg ] £ |
_ . S M
- L
o ol

0 20 40 60 80 100 120
Rate (kHz / mm?)

a e R IBFR < 5% !
single THGEM, no RIM - “ [z = o)
Er (KViom) “
M. Alexeev et al. JINST 10 (2015 ) P03026 M. Alexeev et al., JINST 7 (2012) C002014

The gain in Thick GEM multipliers and its time-evolution
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THGEM R&D for RICHes

)
INFN

< latituto Nazionnle
di Fislca Muclears

| I—I

i ALICE VHMPID

il THGEM & HYBRID
i) / T
R 1%

Chaniz winsdow
{dmen thickness)
Cathade wires
pppppppppppppppppp
{97 fransparency)
6.0 mm
----------------------- Thick GEM :
Bene wiits Fleld wires 4.5 mm
Ground plate 1 - 15 mm

COMPASS, RICH-1 upgrade by
Triple THGEM detectors

e e =

Mean ~THEE 01
Sigma 7.208 + 0.0&8
o BW ] T8 IO LT
Tirra jra]
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A
HYBRID MPGD PDs (THGEM + MM) INFN

' ~ letituio Nazionnie
di Fislca Muclears

3 The 1t THGEM forms thePC |
B The 2"d THGEM (staggered) forces | .- . ii.. — RETRLLE L
the electron diffusion YT I " 'L: ————
=  The MM provides large gain, made | ===-=-- Hue BREEnEE)
larger by the diffusing the ki
impinging electron cloud N N ey

staggered !

Gain ~ 130K

: -| Single Photon spectrum
SO S R
" : :Ez = E i
IZEII: \JTE."T["I" {
The same architecture is independently | | | | &T‘ {
studied as GPM for DM searches o me  aw  we 6™
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. 2 THGEMs

Csl Photocathode

» Gas Photomultiplier (GPM) : 2D-THCOBRA

> Good Ferformance
+ Gain of 10°
+ |BF values of about: 20%

» 2DITHCOBRA adequate to obtain image

> Position Resolution: FWHM= 300 um, o= 128um

» Count rate of 100kHz

L a THCOBRA with 2 d R-O THGEMs
structure
20 THCOBRA
[_x} ) L THT card Parammm
—r—l —- Structure Hole Diameter Pitch RIM
#L_. (um) (pm)
e, I T THGEM 1 800 5
THGEM 2 1300 100
T \_, Resisie Lie U » 2D THCOBRA 1000 80
2D-THCOBRA IGS

T. Lopes 2013 JINST 8 P09002
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Elec'rr'olummescence light is detected by THCOBRA with 2D R-O
Drift time provides the third coordinate

s

High pressure
Absorption (10-20 bar)

region e® ) Photoelectric
Absorption

Photosensor: Csl+ THCOBRA

C. D. R. Azevedo et al., NIM A 732 (2013) 551

)
INFN

t—/ Istituio Nazionnle
di Fislca Muclears

Resisthee Line

>
Phataalectron Edn!lT

sl thin film

Top
strips(V.)

Aneda sirip (V.)

Tep Strip

Cathode
strips (V)

PEEK
Aluminiu
(catho
Shaping ring

Csl-THCOBRA

Quartz Window
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= MNe- or Ar-based
. mixture

single-faced THGEM |

" readout pads .

10° Q cm resistive plate = discharge free
operations. 99% eff. up to ~ 10° Hz/cm?

proposed for digital hadron calorimetry

L. Moleri et al.,NIMA 845 (2017) 262

5 mm

)
INFN

L/,

Istituto Nazionnle
di Fislca Muclears

UV photons

Quartz window

Csl photocathode

;

2mm
resistive
_ plate rHeEM: N N
i~ silver paint + 2mm \/ Resistive
conductive RPWELL
glue

Position-Sensitive Readout

proposed for UV photon detection

S. Bressler et al. JINST July 2013 arXiv:1305.4657

L. Arazi et al. 2012 JINST 7 C05011 arXiv:1112.1915

Trieste, 21/04/2017
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Current PHENIX

SPHENIX (+fsPHENIX) |

An EIC detector

15 years of operation
Produced broad spectrum of
studies of (MP and Hadron
Physics

» 140+ published papers to date
Last run in 2016

Comprehensive upgrade based
on the BaBar magnet

Goalis to do o systematic study
the QOGP near T, by medsuring jets
and heavy quarkenia

Fossible addition of a forward
spectrometer ([APHENIX) to
continue study of Spin and CHM

Further upgrades of sPHENIX
leads 1o a capable Day 1 detector
for |:_EHJ[';

Study palarized &p and g4
phiysics

Large coverage of tracking,
calarimatey and PID

~2000

|
20172020

RHIC: AtA, spin-polarized

GEMs with Csl Readout Plane

in-polarized

SsPHENIX — eRHIC Detector

rEy
MPGD-based PDs for a detector at EIC INFN

Istituto Nazionnle
di Fislca Muclears

LOI: arXiv:1402.1209

-1<n<+1 (barrel) : SPHENIX + Compact-TPC + DIRC
-4<n<-1 (e-going) :
High resolution EM calorimeter + GEM trackers
+1<n<+4 (h-going) :

1<n<4 : GEM tracker + Gas RICH

M=+ 1 "
1<n<2 : Aerogel RICH g
1<n<5 : EM Calorimeter + Hadron Calorimeter .{,.-"'r B [Cmi
Along outgoing hadron beam: ZDC and roman pots l’/ =
HCal

hadran

o n=e
- i : I s 1 " : |:.| __:"" ] _:.._ i I" B
GEMs  GEMs GEM GEM GEM ;(cm)  'Zoe " Roman pots
& - g 3 nlTm 10 m
Courtesy : EIC RD6 TRACKING & PID CONSORTIUM
3 Up PionRadius
= Fermilab T-1037 data Moan 32510408
140— 32 GeV Beam Momentum . RMS 1325
- Pion
120—
8 100? Kaon
so[—
sof—
Pion » 40?—
MB|atn|k et a|. arX|V150103530 Do_ soloo 16000 150Lﬂﬂ SRAAn AT T 35c|:ocr naooLoo 45000 50000
Ring size (A.U.)
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InGrid and TwinGrid ol

‘ ~ latituto Nazionnle
di Fislca Muclears
.-"\.

»

X488 SOrm Z5/7APR/G8

L oy

—

M.Chefdeville et al., Nucl. Instrum. Meth. A 556 (2006) 490. Y.Bilevych et al., Nucl. Instrum. Meth. A 610 (2009) 644.

Excellent space resolution for single UV photons provided by InGrid with Csl coating of a
micro-grid directly integrated by wafer post-processing production onto a CMOS pixel detector

with the complete readout system.
The array of microgrid round holes corresponds to the array of CMOS pixel centers
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"picosecond” timing with MPGDs? m;?

‘ ~ letituio Nazionnie
di Fislca Muclears

Charged particle

MgF2 C radiator
- 28 photoelectrons

photon

photocathode

preamplification "

=0.2 mm / /

Many configuration tested 4ot

T.Papaevangelou et al, Fast Timing for High- .
Rate Environments with Micromegas, Successfully achieved ~35 ps

arXiv:1601.00123 (Jan. 2016). .. 200
resolution in test beam.

10}

Talk of Sebastian White . o : A\
Puzzling shift in spite of CF. 52 T Fa 15 56 75 T8 7o s

AT Distribution [rs)
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Csl bandgap: 6.2 eV; electron affinity: 0.1 eV;

A NEW PHOTOCONVERTER: Al

INFN

di Fislca Muclears

47 % (1)

e Rich-graphite Nano-Diamond film (...

hygroscopic; ages by ion bombardment (*mC/cm?) E—

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 (%)
= & b :

Rich-diamond ND

M. Rich-graphite ND ]

microwave plasma show large QE: “50% @ 140 nm

—a+—ND  (0d) ?Eh—-ﬁ-—ND____”_ (0 d) E
Nano-Diamond grains (size: ~250 nm), with . D I —e—H-ND | 3
variable sp? (graphite phase) and sp3? (diamond LN @ o) 'Eb]'
phase) hybridized carbon contents treated in H2 140 160 180 200 220140 160 180 200 220

Wavelength (nm)

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

NEW !!1
Photocatodes: diamond film obtained with Spray Technigque

Spray technique: T ~ 120" (instead of ~800° as in standard techniques)

Tours, 06/07/2017, 8th International Conference on New Developments in Photodetection
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Tours,; 06/07/2017,

Different photocathodes and their thresholds

eq= Q.E. =N,/ N,

external photoeffect internal or external photoeffect

eq < 50% gq > 50%
A N
~ —~ N
TMAE®s] Multialkali CoA
— NaKCsSb
<—m <—m
TEA bialkali K,C$Sb
< <—m 2
12.3 4.9 3.1 2.24 1.76 1.03
| | 1 | | |
i | I I I | | E (eV)
| | | | | |
| | | I I |
100 250 400 550 700 1200 A (nm)
ultraviolet visible

infrared
Photon detection involves often materials like K, Na, Rb, Cs (alkali metals)..They-have the

smallest electronegativity = highest tendency to release electrons.

Most photocathodes are VERY reactive; Exceptions: Si and Csl.

8th-international Conference on New-Developments-in Photodetection NDIP 2017 _-__Fulvio-Tessarotto




PHOTOCATHODES FOR VISIBLE LIGHT

INFN
s

Istituto Nazionnle
di Fislca Nucleare

= PC stability under ion bombardment

= Chemical reactivity (gas purity better than ppm level needed >
UHV materials and sealed detectors)
- work function lower than CsI one

= AGEING CsI: -16% QE at 25uC/mm?

F.Tokanai et al.,

NIMA 628 (2011) 190

. T.Moriya et al., NIMA 732 (2013) 263
Bilkaly: -20% QE at 0.4uC/mm? Y 219
VS F-R-MHSP 1 - I I I | I
' IBF: 3 x 10, -4 é 09 E 2:3;31:':1‘39? Bialkali,
7 ] = — i MeiepL 1N
10 E,,=0.5 Kiem, vacuum QE~-273%g375nm = 0BE —— NS(90KHC H,o(10%) GasP 6|75 torr
10° 700 Torr ArCH: (85/5) © o7E —— g —
— \ 4 E . = P
— 10 r= = = 06 E re o —4
m 4 -.-'-'.'T"*T"‘-" %Q GSZ ..,-*'-r —— —
) 10 = pHS P GER alay -g E I g e .__.___-Jl"___
E . i w 04 E / ¥ ——
r T
w10 T 03 A ) ol SR
O ¢ T
I— 1 .D‘ . _-I.'.;_J.-.-'-':hll . ™ ﬂ,g : T e
10' S 5 o f
Lt A i e e e e A T
0 ; L |:|. L 1 P N N A T R
1
{E'D'D 290 240 260 280 \:H:"D 0 50 100 150 200 250 300 350 400
"'ﬂl'v.ﬂ.f.-MHSF' & ""‘szm [1"-"[ ::)BOF‘{|b|1eOG!2EM, Electric Field E (V/cm)
A.V.Lyashenko et al., 2009 JINST 4 P07005 . F. Tokanai et al., NIMA 610 (2009) 164
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FIRST GASEOUS DETECTORS FOR VISIBLE LIGHT

e wind o Tast chamioa
W A
'f}_i— _________________
|
|
We !

Wa

V. Peskov et al., NIMA 433 (1999) 492

MCP coupled to Micromegas

Inclined to reduce more the IBF
(tested with Csl)

MCP

1 il
NN
b b %,
::\w \\ N LN
Micromega L . )

J.Va'vra and T. Sumiyoshi, NIMA, 435 (2004) 334
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GASEOUS DETECTORS FOR VISIBLE N}?
LIGHT AT e

di Fislca Muclears

Multiple GEM ——
sealed Pulsed ion gating 3
%m Continuous
Tujiw- | mode, not a sealed PD
* ;f s osld H— PC :é
% rEee Teon | =
: DC}DDC"*“ F-RMHSPD“ECT
R.CheChlk ! By frm — El.’ﬂ'!ﬁ
ot ol NIMA rE @ e GEM Cb — <
502 (2003) 195 el e wisp D ﬁ@g <:l
A. Breskin et al., calhoge Emmmmmmma Eno
B. NIMA 553 (2005) 46 A.V.Lyashenko et al.,
2009 JINST 4 P0O7005

Poor compatibility of bialkali and GEM material ?

F. Tokanai et al., NIMA 610 (2009) 164

Extremely poor QE of the bialkali PC:
the material of the GEM chemically reacts with the bialkali metals
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GASEOUS DETECTORS FOR VISIBLE )
LIGHT e

Istituto Nazionnle
di Fislca Muclears

2 staggered MM layers to enhance ion trapping
K-Cs-Sb
)
Double MM, Ni mesh |‘2 Mo
g 250 |.'I -:IE:I
<
b d v E
Bi-alkali Prictocathode (I <
.0 mm I
Micramash #1320 - ‘E
08 mm Micromies e #1401 ligauhi e -
manuuaunuaauﬂ—m ;
s’ : e IBF : <2.5%x1073 c g
Anada pans [ o i ; 4 |
— . . - =} e X o -_. . X -4
Vacuum, 20% | —oF »wn| Gain < 104 o e i) ] ;| IBF : 610
— QE inGas o o F .y :"‘-:‘- - W . )
g 1 E. if VaSuam Nar % E = %n.: Galn 104
. = P i - q
* o Lo v >, Elnction + |6
& o 8
; E J":l .1 . . l
HE: i - 4, : ,‘L_,_ul,
i Ar (90%)+CH, (10%) RN e TR
o 12% (stable) after 1.5y .
nm - = . | .
i S “"fmu:zm Inm‘l"" L e F. Tokanai et al., NIMA 766 (2014) 176
F. Tokanai et al., NIMA 610 (2009) 164
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GHSEOUS PMT Yamagata U. TMU, HAMAMATSU

Poaiton Tirming Magnetic | Effective
Sﬂn!lﬂrl“_u'pa | Sensitivity | Resclution | Resciution | Uniformity | Price Field | Ares
Vacuum PMT | L= : ]
_ccoicmos | 4|
| Gassous P LS R

¥ The advantage of the gaseous PMT:

It can achieve a very large effective area with moderate

position and timing resolutions.

“{t-can be easily operated under-a-very high magnetic field.

Lecture Series

Tungsten lamp

GASEOUS DETECTORS FOR
VISIBLE LIGHT

F

Bi-alkali Photocathode
5.0 mm

Pyrex glass CP
0000002080000

0.5 mm Micromesh(#330)

1 Vcamuda
cathods

~—_} —
CP oL

0.4 mm

(=== — === — =~ — =]
Ihteen2
Anode plane Liiode v

)
INFN

C

Istituto Nazionnle
di Fislca Muclears

Operation in magnetic field environmen

Ar(90%)+CH,(10%) 15

E—= ﬁ-r-.-=.=.::'_—-.——.——f-—‘—’—‘——.-—d__‘
- —.—-_. _-.‘_‘_.‘_
& =
E 111
% 0 [
s B {GasPMTO - 0° s
| | #-GasPMT @ : 90°
= | A R5024-700 1 0° *
0.01 — T
[
0.001 N
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Magnetic flux density [T

H. Sugiyama et al.,

NIMA (2016) in press
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)
GRAPHENE INFN
L fptuto Naziona!
- Single layer of C atoms in hexagonal lattice
- Thinnest possible conductive mesh with 0.6 A pores

R - Very good ion blocking
AL L L L L - Charge transfer properties through graphene layers

e

b o b & LS L L ~ b ~
i Y Y Y Y Y Y Yy have been measured
I IE I T II LY
AL ) .k . 2 B B
/—cathode = ' -
SL graphene e
Gas 1 PDMS RRORaCo — e e

mesh g i
pillars
anode
[ L1 Tw 200 W = FER" L 18 el FEi4 I
E- I:-::- :m :.I.?- 'B:I"ll:l. ﬂ ]

Promising new idea
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MPGD Technologies for X-Ray Detection and y-Ray Polarimetry [w o weeo 2017

Experiment/ Application MPGD Total detector Operation Special
Timescale Domain Technology | size / Single characteristics / Requirements/
module size Performance Remarks
KSTAR @ Korea Xray Plasma Monitor GEM Total area: 100 cm? Spat. res.: ~ 8x8 mm"2
for Tokamak 2 ms frames; 500 frames/sec
Start: 2013

. 2
GEMPIX Uoizl ervee 1020 Spat. res.: ~50x50 pm*2

1 ms frames;5 frames/sec

PRAXyS Astrophysics TPC w/ Total area: 400 cm?® Max.rate: ~ 1 lcps Reliability for space
Future Satellite (X-ray polarimeter for GEM _ _ Spatial res.: ~ 100 um mission under
Mission (US-Japan): relativistic Single unit detect. (8 x Time res.: ~ few ns severe thermal and
Start 2020 - for 2years  astrophysical X-rays 50cm?) ~400cm? Rad. Hard.: 1000 krad vibration conditions
HARPO Astroparticle physics  Micromegas + Total area: 30x30cm2 ~ Max.rate: ~ 20 kHz AGET development
Gamma-ray GEM (1 cubic TPC module) Spatial res.: <500 um for balloon &
Balloon start >2017? polarimetry Time res.: ~ 30 ns samp. self triggered
(Tracking/Triggering) Future: 4xdx4 =
64 HARPO size mod.
SMILE-IL: Astro Physics GEM+uPIC  Total area: Point Spread Function for
(Gamma-ray imaging) (TPC+ 30 x 30 x 30 cm? gamma-ray: 1°
Run: 2013-now Scintillators)
ETCC camera Environmental GEM+uPIC Total area: Point Spread Function for
gamma-ray monitoring (TPC+ 10x10x10 cm3 gamma-ray: 1°

Run: 2012-2014 (Gamma-ray imaging)  Scintillators)

Dirift plane

Scintillator



GEM (X-Ray) Detector for Tokamak Plasma Diagnostics [ .t mpeo 2017

10x10 cm? GEM installed since 2013 GEMPIX (GEM + Timepix)

Plasma images (GEM) measured in 2015: GEMPIX for Fusion:
Movie of 200 images per sec 2015 measurement campaign:

GEM Angample @ D=616cm, 5=35and H=43.0cm
“

Shot 13263
GEMrun 11560
HV 1000
THR 1400
e, S I 4000 sheoes 5 ms
B
>

T ——

-.“.*.

Shot 13271
An eampde 8 0 = 61.6 cm, GEMrun 11564
S5=35and H =465 cm
HY 1000
THR 1400
I 4000 slices 5 ms >
Image of KSTAR Plasma with spectroscopy measurements

S coordinate




MPGDs Technologies for Me\-GeV Polarimeter and y-Ray Telescope [r-rro ooz

HARPO: TPC as a y-ray Telescope and Polarimeter: FUTURE:
High-Pressure HARPO GEM+MM TPC (2014): et

Angular resolution

Space phase I

> Sensitivity to polarization in the | =S ——=r Balloon phase |
1-100 MeV range (A~ 10-15%) e 4 v s W31 : ST36
» Angular resolution improved s — Ty Ground phase |
!_ ...'.‘ x\. -+."-;': 1141

wrt FERMI-LAT m

-;I ] Pl
M

L - DATH
I 1 | e ™ e |
e i rah MR- TRIFLES. S| L e -]
|

=L
I —r e LAT Fagadl || I

ke FrmbLAT By | | — T TTTTTI =1

10 i
7. conas [

Electron Tracking Compton Camera: uPIC+TPC:

Both y-ray imaging and and spectroscopy

- tracking of recoil electron are available - color image
Eamma-ray i .
W Conventional method Electron Tracking method
—
Gaseous - E
TPC »

o o0 ¢ 0w mod M
K [mim]

Scintillator Array



P
Scintillating Glass-GEM imager INFN
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1, Glass Substrate (PEG3) FEC3 Y

) . gy Caltoda s oM
- - - sa.:ll._e " T ’ e :
ARERREEERNAN B Mask lmag'ng setup MO Glass Window
2. U exposure (1_exp) alfoctran Scnhifabon Kk
Crysial porion B 4
i (0= 50 )
ol ryebeldynng I TF
{hoat traatment) o
I EEEE Y
4. Vis ating i o —
(hydrogen fluorde wel etching) IBABERELT E':‘“‘ﬂ a
; & Cu Pialing
5. Cr sputter & Cu plating |1 o HOYA
L T —

Ex= 10 arm 4

Ei=? mm =
Coolpd CCD Camara

e\ i . . . | T.Fujiwara, et al., JINST 8 C12020, 2013

LW W W 100mm
Max: 500,000 phntons @5 9keV -. I q

<
550,000 | . T

-I-gn nlln uawwriq ,
S Photnns 3

Proto EcHaece Gass 3 : PEG3 o]
+  Promising fechnigos for preciss patisming \ -
ALy o O Rigr anpecl Role

BH0um deep Bl (ax. CERN GEM: S0um)

>

Obtained image of leaves (2 sec integration time)Cl

e s

Excellent spatial resolution =500pum
Quick imauiny of low Z material with low energy X-rays [-7 g]

Gas gaini

@ 1000 2000 3G%0 4000 5000 6000 7000 8000 9000 10000 [|
Gas gain |
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CRYOGENIC MPGD-PDs  iniN

Igtituto Nazionnle

.P,Lﬂ (—/ di Fislca Muelears:

Read-out elements of cryogenic noble liquid detectors

= Rear event detectors (v, DM)

= Detecting the scintillation light produced in the noble liquids

= Options of scintillator light and ionization charge detection by a same
detector !

with WINDOW WINDOWLESS OPERATED IN THE
(2-PHASES) CRYOGENIC LIQUID

15 (i e A5
| mnw £ s5rg GPM (Bight readout| | oR |_' M{uupmdwl]
& |.I'hmh.| Electron avsli:'lche Gas phase ‘>Il3.- _ﬁ’; .{.E j?i.:_; \\: :: B -
B nn al ; ¥
Ml 7 iRl ¥ e ey T
o - L5 BT R P RS B T
TR s s, R GEMs — > AT AT \LS Al
\ T s JEs i
lrlm I 'F“""‘ * Csl " o L o Ly '."’ g - &
. 3 \ Fo uk
Mo = = | a Morw '—— photocathode A7 ny f
I!"lrli I I e Ionization signal —> :4"<-=Scintillation signal '\_/
| - ] E
— Wicromeens < Liquid phase: | '
Cathode _ A He. Ne, Ar. Kr or Xe TR e ER— ST
‘ a\‘ b) Y : 51 Photon 52 lonization
7 \ o Electrons
e \ Liquid Xenon
Cryostat Radiation

S.Duval et al., JINST 6 (2011) P04007
L.Arazi et al., JINST 8 (2013) C12004

A. Bondar et al.,NIMA 556 (2006) 273
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Triple THGEM Gaseous all,

INFN

Photo-Multiplier for DM (oo

di Fislca Muclears

GPMs

« WIS R&D on GPMs for future multi-ton LXe TPCs for dark
matter searches (within DARWIN)

* Aim for 4t coverage — not practical with PMTs (cost,

bulkiness) or SiPMs (dark count rate) s
S

* Successful demonstration of 4” cryogenic triple-THGEM
GPM with reflective Csl coupled to dual phase LXe
TPC: (arXiv:1509.02354)

e T
- Stable gainﬂu105 bt ' ........ _-}’-'[}”( ....... PMT_
el - TR
- Large dynamic range: 1 — BET"N 2 8
0(103) photoelectrons R I/\Sz 2" triple __
- 1 nstiming (~ 200 PEs) 3 ! ! :_..f \ ! ? THGEM GPM . i
; E : ] IIZ 4 f E e
- Expected PDE ~15% after T }' :
optimization Slllk
rterell ke It S

time [Ks]

« Also: on-going R&D on n/y imaging with pixilated
readout (arXiv:1501.00150) Csl coated
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Bubble-assisted

INFN

electroluminescence in LXe L i

di Fislca Muclears

A “local dual-phase” noble-liquid detector

GXe

top PMT

lS.Omn‘l

i IS.Omm

| 104mm

4.5mm

bottom PMT

LXe

Typical S1 - 81 photoelectrons - S2 waveform

[ B g g e el bt o /
Bubble

—— \-_r»-u,.-L‘
| |

amplitude (mV)

‘-\\1*-_ '

.H'MW

C

|

time {y« sec) \

UV-pe’s

‘ EL in bubble A Breskin MPGD 2015 Trieste

TOWARDS LARGE-SCALE NOBLE-LIQ DETs

Energy resolution 5MeV alphas: 6/E=7.5%
Time resolution: G=10ns

Bubble (under THGEM, GEM) stable for days
Csl on THGEM: high pe extraction

Breskin, J. Phys. Conf. Ser. 460(2013) 012020
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PTFE THGEMs for CDEX NN

< latituto Nazionnie
di Fislca Muclears

W g
=S .i;\'l\l\. =
WL e \

Low level radioactivity THGEM

PMT/GPM _ HPGe t=0.38 mm,
e d =0.3 mm,
o > RIS p=0.7mm,
liquid Ar =30
- cool screen r= pm

_ outer-barrel

Fig. 2, A photograph of the PTFE-THGEM; the
enlarged part (right) shows the holes and the rims
surronnding them.

Wen-Qing XIE et al, Chinese Physics C,

Fig. 1. Scheme design of the cryostat in CDEX.

Avinle o At outhed cusiee - Vol. 37, N. 11 (2013) 116001
SHY . sigral mMini-X FEy Source
_— PMT disadvantages:
CR110 | ; | drif hlgh cost, limited area,
it o con 3% susenoss| UNMatched spectral
T - ey o pute Ar response, radioactivity
- P00 THGEM - PTFE THGEMs
Higued niirogen - Almost no radioactivity,
e demonstrated to operate

Fig. 3. Schematic diagram of the experimental setup. On the left is the test of the PTFE-THGEM at eryvogom nlcely at 117 K
temperature; and on the right is the mternal strueture of the PTFE-THGEM nsed.
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Exotic proposal for NEXT BBOV jn/w

LIOR ARAZI, WIZEMAN INSTITUTE OF SCIENCE L/ o F i aciaan
MC of BBOv event — 2 blobs at the ends

i s Sepckiig plove _ 1 10 bar Xe, 300 V/cm
iioclzatetiiboin L & i ” 1 10° electron ion pairs/ev.
Active volume | | e
D - a E :-‘ _ _- 1 1 _— .
s (Y. | @i/i —— § | diffusion over L =2m:
I s . % 20 1 Oelectrons = 18 mm,
e [EIT ST lonization |
ﬁ "d“;;;udn Scintillation Annd'; .mu__ E @ = 1.8 @
Ground [ ALY T YA i i
0 50 100 150 200
ion X (mm)
All Xe™ atoms convert to Xe, *
o condaryelectron 1 NEY reach the cathode in < 1 sec
AT S— Xe," on active cathode strips emit e~ by “Auger
Active strip Field strip ’ . 3. . .
(ground) (+v) o Neutralization” if the surface has electron affinity < 0
used silica § . .
Secondary electrons go to field strips producing small
— | avalanches with O(103) photons per detected ion.

VUV sensitive SiPMs
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Dual-phase LAr LEM TPC INFN

< latituto Nazionnie
di Fislca Muclears

S 40 pym rim

5" »1 mm FR4 thickness
- +500 pm diameter hole
L., +800 um hole pitch and
** hexagonal layout

FoE®

Proto tracks:

1F

] (] C] = ] - 5 ] C W ]

high ionization density in LAr=» need low gain

| “demonstrators” | ERETI C.Cantini et al.,
5.,““"% e DC: 5nA/LEM(50x50) JINST 10 P03017

Stable gain ~20 (fine) (2015)

~3500V; spark on edges
(use COMPASS RICH solution?)
Charging up of rims: gain stabilizes. OK

Timescals: 2015-2016 Timescale: 20946-2019

12 & 144 50x50cm? LEMs

DUNE: ~3000 LEMs (50)(50) Ongoing R&D on RESISTIVE WELL concepts
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LARGE SIZE PROJECTS &?;’

Igtituto Nazionnle

Al Elalas -.I....—I.,--—[

| (bulkMM) [T
e gy pl Traking plan:
| Presssiced vessel (10 - L5 ba| I
- O P
¢=70 m [ ] B
L b1
PM".% Qf/-"} i E SPMs
&,1 "
- I:r ration  :
3 =* " srintilation i
-_J-' ) Cathods Anode |
2 insulation B

NEXT-100 (neutrnino-less
double beta decay)

XENON (dark matter)

e N e
Panda-X, THGEM +

MM (dark matter)

Water Cherenkow |
shield |

=) |
PMT - |
@ ' DARWIN Support (Q
! structure
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“ | FIRST STEP TO LARGE SIZE e

< latitu t Nazionnle
di Fia Huclearz

w
3

_ﬁ

4 new detectors of 600 mm x 600 rnm

talk by Shuddha Shankar Dasgupta

pipe radlatnr
gas: C,F,,
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/D SUMMARY / CONCLUSIONS -~

Istituto Nazionnle
di Fislca Nucleare

. GASEOUS PHOTON DETECTORS

= Most effective approach to instrument large surfaces at affordable
costs

=  MPGD-BASED PHOTON DETECTORS
= Allow to overcome the limitations of open geometry gaseous PDs
= A wide effort to refine and consolidate the technology

. MANY APPLICATIONS OF MPGD-BASED PHOTON DETECTORS
= From PID to v, DM, medical applications ...
= First step toward large area: Hybrid THGEM+MM for COMPASS

- BRIGHT FUTURE FOR:
= Inventions: new ideas, new techniques
= Technology consolidation, new applications
= Large scale projects
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