RICH 2016 INFN

‘ ~ Istituto Nazionale
di Fisica Nucleare

Status and Perspectives of

Gaseous Photon DeTecTors

Fulvio Tessarotto
INFN Tr'les‘re

Bled, 10/6/2015, 9% International Workshop on Ring Imaging Cherenkov Detectors RICH2016 - Fulvio Tessarotto 1



—— )
sw=w Gaseous Photon Detectors INFN

Historical overview

MWPCs with CsI Photocathodes

GEM-based PDs

: THGEM-based PDs

n Other architectures

. Gaseous detectors for visible light
n Cryogenic gaseous photon detectors

Large area coverage
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Glorious tradition: 100 years of /yiv

gaseous detector developmen-rs e o

1908: FIRST WIRE COUNTER 1968: MULTIWIRE PROPORTIONAL CHAMBER
USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY

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

A Nobel Prlze in 1992
G. Charpak, Proc. Int Symp. Nuclear Electronics
(Versailles 10-13 Sept 1968)

1928: GEIGER COUNTER
SINGLE ELECTRON SENSITIVITY
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G. Charpak
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i photon conversion and Cherenkov light NN

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

. ] it
Heinrich Rudolf Hertz
John Sealy Townsend photoelectric effect, 1887

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

Tom Ypsilantis 1928-2000
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—r g Motivation INFN

% R~ thass Medoon
- 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

- 1970s: large area position sensitive

Particle Identification Techniques: gaseous detectors available
TR+dE/dx identificati ' : o
electron identification O - Suitable phofo-|on|z|ng agent:
Cherenkov |  m-K identification range benzene: Seguinot-Ypsilantis NIM 142 (1977) 377,

TEA (7.6eV) NIM 173 (1980) 283,

TMAE (5.3 eV) NIM 178 (1980) 125.
dE/dx ] - agas gain high enough to detect single
/] N photoelectrons
TOF . - conflicting requirements because of the copious
150 ps UV emission by the multiplication avalanche.
FwHM
- solution: multistep avalanche chamber

0.1 100 1000 (Charpak-Sauli Phys. Lett. B 142 (1977) 377) or TPC

10
p (GeV/c)
Gaseous detectors: 1) cheap, 2) magnetic insensitive, 3) low material budget
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RICH with large area gaseous PD's =, =°° &
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*thick photosensitive volume (slow photon
detectors, parallax error)

*heating and temperature control
(T _bubbling <T_operation)

*photon feed-back from amplification region
(protections)

«chemically extremely reactive
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1956:

Csl layer has large QE for 16"

photons with hv > 6 eV lf&ﬁ
(Philipp and Taft) 163 f

/ quantum
s ]
(]

Electrons
Sy
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e
N

10 f
7

Fic. 1. C sketch of ph be; (1) 9741 glass bubble window, (2) hite coate: 10
collector sphere 4 inches in diameter, (3) § inch glass tube, platinum painted, (4) nicke 2 3 4 5 & 7
sleeve insulated from tube by glass beads, (5) ion gauge, (6) evaporating cylinder and helics hv
platinum heater, (7) collimating shields.
Fic. 2. Spectral distribution of the photoelectric

yield for Csl surfaces: (a) thick film, (b) single crystal,
(¢} thin film evaporated in presence of excess Cs.

eV

5. Phys. Chem. Solids, Pergamon Press 1956. Vol. 1. pp. 159-163.

PHOTOELECTRIC EMISSION FROM THE VALENCE
BAND OF CESIUM IODIDE

H, R, PHILIPP ANDIE. A. TAFT
General Electric Research Laboratory, Box 1088, Schenectady, New York

Thin CsI film INEN

‘ ~ I1stituto Nazionale
di Fisica Nucleare

Csl is highly reactive with water: it took
many years to develop appropriate
substrate preparation, deposition method,
handling technology for high QE gaseous
PDs

Semitransparent photocathode:

thin metallic film and precise thickness.

Reflective photocathode:
no metallic film and non critical thickness

(important for large area)

o
o
Townsend

*avalanche
_\:%\/

® Cherenkov
@ Photon

\ [ ]

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

AAAA
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Thin film photo cathodes

Semitransparent photocathode:

Light absorption
e- propagation
e- escape
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Csl QE

Fancois. Piuz
AN\ am

1992, F. Piuz et al. Development of large area
advanced fast-RICH detector for particle
identification at LHC operated with heavy ions

TO ACHIEVE HIGH Csl QE:
Substrate preparation:

Cu clad PCB coated_b)éNi (7 pm) and Au(0.5 um), 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
of ~ 10" mbar, monitoring of residual gas composition

The bést fused silica cuts here Thermal treatment:

] | I

== PC32 (1997)
= PC38 (2002)
a— W.I.S.-RD-26 ref.

after deposition at 60 °C for 8 h
Careful Handling:
measurement of PC response, encapsulation under dry Ar,

mounting by glove-box.

Schematic structure of the COMPASS Photon Detector:

Smm | | ————> Quartz Window

'}J‘{__ —o- TUM-HADES
.\_{L{:H
~ ™~
xl‘ m
AN

150 160 170 180 190 200 210
wavelength [nm]

Collection Wires
20mm @ (0.1 mm, 2mm pitch)
220
Cathode Wires

(50 mm, 2mm pitch)

Fig. 1. The QE of Csl PCs produced at CERN for ALICE and

at TUM for HADES, compared to that measured at the W.1.5.
on small samples (reference for RID-26). PC32 15 one of the four
PCs equipping the ALICE-RICH prototype used in STAR at

BMNL.

A. Di Mauro, NIM A 525 (2004) 173.
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RICH with large area gaseous PD's
2"d generation: MWPC's + CsI
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RADIATOR: 15 mm liquid C¢F,,,
n~ 12989 @ 175nm, B, = 0.77

PHOTON CONVERTER: Reflective
layer of Csl (QE ~25% @ 175 nm)

PHOTOELECTRON DETECTOR:
MWPC with CH, at atmospheric
pressure (4 mm gap) HV = 2050 V.

- Analogue pad readout

' odules, each ~1.5 x 1.5 m?

v{"

charged parricle

Neoceram
C.F,. liquid
radiator

collection
electrode

s MWPC

Front-end
electronics
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COMPASS photocathodes I FN
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PHOTOELECTRON EXTRACTION m? )

L—/ di Fisica Nucleare

=  Photoelectron extraction from a CsI film, the role of gas and E
E .% o T ! ©
£ VACUUM = vacuum 48 10°mbar C oA e A Tarr T
S . . 5 [« CH4/i—C4H10 (95/5), 1
AERTLLELLE b = 21 800 Torr 1
" v 1
L E 1.0 e o o P e 4
10— 3 ol 2§ " ¢ 7
g § 0.8 g ‘I
r o 0 '
i o %, P 0 " :
A. Breskin et al.,
1———ge o006 isdob 30000 2000 3a005 E/p [V/emsTorr] | B NIM A 367 (1995) 342
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160 A ']O r r ; r r r Jll(
_ 0 i
:f.: 120 - g . | /‘/f_
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§ o » ._..I = Ar/C0O2=70/30 é | ! :__,_/---' h |
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o [ S Ners
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M. Alexeev et al., NIM A (2010) in press C.D. R. Azevedo et al., 2010 JINST 5 P01002
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MWPCs with CsI: the limits

INFN
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Ion accumulation at the photocathode

Ion and photons feedback from the multiplication process

oy

- 35

-3

_200-150

H. Hoedlmoser et al., NIM A 574 (2007) 28.

TN
0.2 MC/eM? KL sacead
‘L\"\ 0.2 mClem? : .
L > = |
| X X
L
i
|L 1 mC/cm?2
r

(effective gain: <1/2)
not fast

Ion bombardment of the photocathode

moderate gain:<10°

MWPCs > slow signal formation

intfegration, low noise level)

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

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

+ low gain 2> "slow" electronics (signal

Bled, 10/6/2015,

9th International Workshop on Ring Imaging Cherenkov Detectors RICH2016

- Fulvio Tessarotto
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MPGD-BASED PDs

= Reduced ageing
= High gain > high photoelectron detection efficiency

Short integration time
High rate environments

> MICROPATTERN GASEOUS DETECTORS

Bled, 10/6/2015, 9t International Workshop on Ring Imaging Cherenkov Detectors RICH2016 - Fulvio Tessarotto

17



ION & PHOTON BLOCKING , NQ
GEOMETRIES £
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Semi-transparent PC

- \hv ~ :
GEM-based PDs 4 hve Reflective PC
e ¥
(&
| : 1 & oemi
]
< ol o
é) Y Q4 y  GEM2
\o tv )
OA E )( > & GEM3
’ = > A )
U — anode
strips
An “old” idea
UV -pholons mesh _ -'1—\. _____________
Refiective -, )
photocathode ko ¥ g
window CEM .
Csb— = . | E1 ' GEM2 ,
GEH- — — E — — _/’ l
m&sh_ _________________________ _—g—l: GEM3
WIS s+ ovavevmumnsvs [ v mannsenvmanasesnnennns & “t '
Eignals GEMA G
1111 | anode meshe o — = _’EV __________
electrons ons
R. Chechik et al., NIM A 419 (1998) 423 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' CF4 radiator and active gas.  o&™
L =50 M

v' Very large bandwidth
108 - 200 nm
(6.2-115eV) . 4707

v triple GEMs for .4

signal ’
multiplication

v' CsI photocathode

W. Anderson et al.,
NIM A 646 (2011) 35

-
N/
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HBD - hadron blindness i
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0000 dDOOOOOOOOONPOOOOONOIEOO mesh 3 L L A . L
. L. . é —+— Charge of the electrons | 1
\LEI Field phOTO .l:f,::::.\azyE}zr:zaﬁon I —+— Charge of the hadrons
\e-lecfr'on ¢sT (350 |
I — d"‘j/
S — S— GEMs

afa g PPN
L I L Il L 1

40 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

—

A2
Bled, 10/6/2015, 9% International Workstﬂ)ﬂﬂﬁﬁmm Cherenkov Detectors RICH2016
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a PID for EIC proposal

Current PHENIX

SPHENIX (+fsPHENIX)

An EIC detector

» 15 years of operation

» Produced broad spectrum of
studies of QGP and Hadron
Physics

» 140+ published papers to date

» Lastrunin 2016

Comprehensive upgrade based
Goal is to do a systematic study
the QGP near T, by measuring jets
and heavy guarkonia

Possible addition of a forward

leads to a capable Day 1 detector
for eRHIC.

Study polarized ep and eA
physics

Large coverage of tracking,
calorimetry and PID

~2000

2017->2020

RHIC: A+A, spin-polarized p+p, spin-polarized p+A

GEMs with Csl Readout Plane

Readout Pads

Drift regions

EIC: etp, e+A

SPHENIX — eRHIC Detector

400 —
300 —
R (cm)

200 —

100 —

M.Blatnik et al. arXiv:1501.03530

-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

1<n<2 : Aerogel RICH

1<n<5 : EM Calorimeter + Hadron Calorimeter

Along outgoing hadron beam: ZDC and roman pots

)

INFN
C

nf"’; 71 a0

Istituto Nazionale
di Fisica Nucleare

LOI: arXiv:1402.1209

//7 R (cm)

= 300

= 200

z<4.5m

[‘1” Outgoing

— s hadron

S~—pmcall beam

. — — ; L - ===/ _ -

)‘00 -200 -100 ¢ 100 250 460 l:l G-B
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Courtesy : EIC RD6 TRACKING & PID CONSORTIUM
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rich literature about IFB in GEM-based detectors = y
o ° | ":3
here examples with semi-transparent PC . ng ol
2
—L Cathode
= e 2 d
2 1 ] hom
« strong dependence from gain and Eyger g I 1 | GEM]
B J = =
« poor dependence from pressure and gas type - o 2 A
E ~ 1 kV/cm needed E -
for good photoelectron = [ N,
extraction E & n = GEMZ
Ep= 0.5 kV/iem i E -

[ o g SGEMTFCE ] 7 L 3GEM | = = GEM3
5 3&__}%;::{{ 85-40-85 um _ =: : Q = I — ._;n\\ :
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< [ a__ - k:”:‘ruxzw =& Gain=5000 _ Anode
g & Ej= 0.5 kViem ‘k\ '-:‘é’ % E E = \»
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£ | v ACHO10) N ' & AV /AV. =10 3
= O Xe/CH, (90/10) . £ Yol Y Geu :
[ E~0.1kViem r . = Gain = 3000 1 -
3 [ 2 meneno | | g =0.1kviem 2 b 4| | The same for reflective PCs:
10 10° 10’ u m b — .23 | small and reversed Ej is needed
Gain E (kViem)
: % level in
A. Bondar et al., NIMA 496 (2003) 325 : IBF: a few %
A. Breskin et al., NIMA 478 (2002) 225d :
(2002) effective GEM-based
photon detectors
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OVERCOMING IBF i

Istituto Nazionale
di Fisica Nucleare

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

X-Ray defector | J F C.A. Veloso et al.,

Rev.Sc. Instr. 71 (2000) 2371
X-ray radiation window ¥ e E \I\:_\RTMHISP) SEERE
4 v’li/l\\\\\\;;;,’ I/Q\\:\\){
— 4 E[kV/em] (B) 2772 Exd.skvic’ /" 2 2 \E[kV/cm]
[N I b e B 2o O, eldifty A
I\ | \ Vil 12 STTNVTIN P
XY \ BRI LEER R e Ve ? =
A N o 7 ( iy
~ % 40 t & ,:: s ./
: \ \ %8 Y YWY £
E E=25 ' i (sdov
1 VAV SN
# NS
by ,-10 Eiy A
II" ‘/-5 LA tainty =
_ g | G ALY Lyashenko etal.,
L. ‘f‘”"'""“?‘“"'““‘ 1 JINST 2 (2007) PO8004
. \ ‘
l | |t ‘
10? === =——= i
F-R-MHSP/GEMMHSP — Flipped-Cobral2GEM
|
B L [ 10 %E‘" = 0.2kV/em %ﬁfz&swmm
COBRA i e 00— i LN e
et 103 = :
: I | —= = 0.2kviem = ] '
5 5 s = LAl A.V. Lyashenko et al.,
" ;rn :E, :t: = NIMA 598 (2009) 116
o = O e O e O e & 104
~ & | AriCH;(95/5), 760 Torr | 700 Torr ArICHE (95/57]
A% . I 10% WY A 108 — L
M % | 102 10° 10 105 10* 1ot 10° 108
Total gain Total Gain
A. V Lyashenko et al.,

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

< Istituto Nazionale
di Fisica Nucleare

"LARGE GAIN RELEVANT FOR SINGLE PHOTON DETECTION

= GEM-based PDs in laboratory studies

= for single photoelectron detection, they have been operated at gains >
10° (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)
o At COMPASS: G ~ 8000 (B. Ketzer, private comm.)
o 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 > 10*

Bled, 10/6/2015, 9t International Workshop on Ring Imaging Cherenkov Detectors RICH2016 - Fulvio Tessarotto 24



=)
THGEM-based PDs, why ? I

About PCB geometrical dimensions:
=  robust .
i i 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 | | 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

- e- dispersion plays a minor role R. Chechik et al, .NIMA 535 (2004) 303
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. /‘)
THGEM rate capability and IBF TR

High rate device IBF control B 00
B [1z 2 | A
5 1 14 0 [ 21 22 25 |
af 1] Fal 3
o _ . s . . : 19
§ ] Irradiation: L Triple THGEM: - [l E 22
| | 8.9 KeV X-ray L lon Back Flow | |
] L reduction by 2 [18] [= 22
> 7 staggering plates @ @ EF F E (=
o O | —~
i - g M
] - g 5
i - Ll
o ol
T T T T T T 1 -lr
0O 20 40 60 80 100 120
Rate (kHz / mm?2 3
( ) _ For B IBFR < 5% !
single THGEM, no RIM = 13 2] 1 0
Eqry (KV/Cm) |
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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PHOTOELECTRON EXTRACTION &r?

- - | 7 |
photoelectron trajectories from y 4 P2 s measurement
a THGEM photocathode, ‘ €| s T TR :
simulation, multiplication ‘ g D s sy s
switched off S | 100 ST ,
o o " -.'::\ ) Y/
o|'F1 | BN
thickness 0.6 mm, diam. 0.4 mm, Hx_) =5 [ 150 i
pitCh: 0.8 mm, AV = 1500 V o _175 4 :l:ax:i lkaﬁr;‘cf}éhﬁoé‘;&o‘ . Y : 1 ‘
X cross-sectlon R e
IS T—————————— ‘ ‘ 7225_-47AV=1:35kVArfCH:40j60 ‘g _,.A:f'
| i | —ﬁ—AV=1.I5kVA1I",’CH44I10,f60I : I: 'I T
[ —IS -2 -1 0 1 2 3
field above the THGEM 1 | — external electric field applied
E=0 11 l =-500V 1 '
1t E=500V

| I/ photoelectrons lost | I photoelectrons lost
| (not entering the holes) | ][ ( field too low for extraction)
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G.Hamar and D.Varga,
NIMA 694(2012) 16

LEOPARD

IN

{

Z=")
‘N

~ Istituto Nazionale

Attachment

— — o actuator

UV LED

Exchangeable

pinhole

Quartz lens

diaphragm

Quartz window

Cathode

TGEM
Wire plane
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0~ pPare
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50 B
- h‘i\,‘.
. -75 . -
£ -100 , .
3 s Py e :
Ap—
© -150 —
= —m—AV=1 kV Ar/CH, 60/40 ". )
< -175+ —o—av=1.1kvm/ch 60/40 Y i
—A—AV=1.2 KV ArfCH: 60/40 ‘4 e’ D
G.Hamar talk on Thursday || =f:iiii =
225 LIRS B
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=
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0
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THGEM R&D for RICHes

f— i it ALICE VHMPID

5 T o E Quartz window
1 = | THGEM & HYBRID (ko)

— TGEMs -
Sl — e L,

I:: Il——‘ ::I (97% transparency)

IZ] - IZ' ) Cherenkov ~ 6.0 mm
|:: J V ::I”"F’: g Issssssnsnnnnnnnnnnnnnwnnw Thick GEM

lJ.__L; . : 1‘1;‘1 : ! I"‘i‘l ‘5 Sense wires Field wires l ~ 4.5 mm

’ o B Ground plate ~1.5mm

COMPASS, RICH-1 upgrade by
Triple THGEM detectors

Mean -766.6 = 0.1
Sigma 7.208 +0.089

e et aleolndpiverranhnd | ) [N e sl g g J iy
-900 -850 -800 =750 =700 -850 -800
Time [ns]
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NUMBER OF DETECTED PHOTONS

V.Peskov et al., NIMA 695 (2012) 154
e [.) °
N of detected photons is ~60-70% of MWPCs with CsI
(o) .
o Ne+10%CH4, used with AV at 650-750 V
5. Conclusions and Outlook
1.0 : : . —
We report the first successful implementation of a set of | Atm. pressure f,"( |
CsI-TGEMs with a liquid radiator where a Cherenkov ring has Gas flow mode /
been observed. The results obtained are encouraging and suggest - 0.9 }‘/ ___.
that the present perfformance could be improved in the future by E’ R / :
optimizing elements of the design. We are launching now systematic @ g .. *:" /'_
studies on TGEM geometry optimization allowing increasing the © a- ./
. ; . , 4= el I -~
value of N, &ca and Ay We also are planning to investigate X .-‘_. o i® J_,f’
.. PR i E ot TR a at i at a et 5 DT__j:_-a _.--,. = N
- | |
o 4 . CH4
® 086 oL 7 CF4 —
= } -4~ Ne/10% CF4
LL | # --@-- Neff% CF4
. . . . .[]_5_;:_ Mef10% CH4 |
> Relative extraction efficiency s —e-New i
041® . : ! : ! :
Respect to pure methane at 00 05 10 18 20 28 ap
o
E~7kV/ecm ~75% E__ (kV/em)
C. D. R. Azevedo et al., 2010 JINST 5 P01002
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7=
HYBRID MPGD PDs (THGEM + MM) INFN

‘ ~ Istituto Nazionale
di Fisica Nucleare

» The 15t THGEM forms the PC | Setup Hybrid (300 X 300 mmz) with double THG

n The 2nd THGEM (Staggered) o...-...-..oo.......o...-..
__——————].....

forces the electron diffusion ot p 0 m
=  The MM provides large gain, e

made larger by the diffusing B\ - —
the Implnglng eIeCtron ClOUd EA\I‘ESLI}QCTSCZV(\”MOES;}V?VRU‘ _---:-:--:-:--:------- THGEM
staggered !
Gain ~ 130K
- Single Photon spectrum in BEAM !!!
‘L“q_ 31 ndf 7159/75
M S o
N
Il
‘{i‘l\ll |
N |
The same architecture 1= ‘f\N e |
iIndependently studied in parallel as NG -
GPM for DM searches (see later) I R R R Er 'léESLOB
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2 THGEMSs

a THCOBRA with 2d R-O
structure

Resistive Line

Resistive Line

2D-THCOBRA

Ya

Csl Photocathode

THGEMSs

2D THCOBRA
= r— Parameters

L Structure Hole Diameter Pitch RIM
= (um) (um) (um)
e THGEM 1 400 800 3
g THGEM 2 700 1300 100

2D/ THCOBRA 400 1000 80

+ Gain of 10°

« Gas Photomultiplier (GPM) : 2D-THCOBRA
» Good Performance

« |BF values of about: 20%
» 2D THCOBRA adequate to obtain image
> Position Resolution: FWHM= 300 um, o= 128um
> Count rate of 100kHz

T. Lopes 2013 JINST 8 P09002
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UV photons

Quartz window

Csl photocathode

2mm

\

THEEN: -i- —
2mm

RPWELL

Position-Sensitive Readout

A Breskin MPGD 2015 Trieste

RPWELL

Resistive Sheet

=)
INFN
(—/.

Istituto Nazionale
di Fisica Nucleare

R&D @ Weizmann

* RT & noble-liquid T

* RPWELL vs NnTHGEMs+RPWELL
* Gases

* stability

10000000 |

10°

o
.E 100000
(
10000
1000

sxs Ne/CHi
[osis| — [o0n0] SOON: Ar/quencher
. ,
= xC
& .
*uvv  _uv - N
v : 30/50
= F
i3 X o
v X o
* “ ."
. X-ray . >
. -
Y Xoray X-ray ¢ X ray
__A > A = s - === 4 2
800 1000 1200 1200 1600 1800 2000 2200 2400 2600 2800
AVRPWELL

20
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Different photocathodes and their thresholds @\

£0=Q.E. = N/N,

external photoeffect internal or external photoeffect

£q < 50% £q > 50%
A
-~ —~ ~N
TMAE6sT xul‘halkalu o
<::[I GKCSSb
N Q— <—m
TEA bialkali K,C$Sb
< <—m i
12.3 ‘ 49 3.1 2.24 ‘ 1.76 1.03
| | | | | |
| | | | | |
E (eV)
| B
I | I | —t |
100 250 400 550 700 1200 A (hm)
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.




PHOTOCATHODES FOR VISIBLE LIGHT INFN
R it
= Chemical reactivity (gas purity better than ppm level needed >

UHV materials and sealed detectors)
= PC stability under ion bombardment - work function lower than CsI one

- AGEING CsI: -16% QE at 25uC/mm2 F.Tokanai et al., NIMA 628 (2011) 190
. T.Moriya et al., NIMA 732 (2013) 263
Bilkaly: -20% QE at 0.4uC/mm? Y G019
VS F-R-MHSP 1 - | | | I |
: IBF: 3x 10 S 09 T e o Bialkali,
10 —_———————————————— & g8 E e (10 Gas P 675 torr
E__=0.5 kW/em, vacuum QE~2T%375nm > = — = Lo d sl e .
_.H:Iu- T |_:.rlr_|:|_rlu.::_1_|: :.':.:i":."::- ':.C:‘ 0.7 ; —h— Xa{100%) - _‘|
- A 4 4 C A
= 0 = 8g 06 y p
(T et N 25 o5k X e —
Eﬂ '“:'4 r I-'||-|-\.'|:II"I_'|'-\."||""'|I—|:-' | * R o o T E '/l/‘/ ® e
FAR-WiEha iC&| jaxn o= - P
— 20 04 L /f " i —
E 10 o 03 E ’r T
o 10 m B B i | E”E s o -
o e i ] 0.2 H .
F . -l_.:| I_'.'l-.i-':"- e | E EIl il
10 N T W K-Cs-50 L 0.1 &4 ———— S
1c-F".' ------- Cel {axp. ¥t} Y s i B DR P B D P
Y00 220 240 280 28D \ 200 0 50 100 150 200 250 300 350 400
.-*-."-.r"qE_HHSF_ & .ff'-.-"EEH [V poulble GEM, Electric Field E (Viem)
. PPN .
A.V.Lyashenko et al., 2009 JINST 4 P07005 IBF: ~ 10 F. Tokanai et al., NIMA 610 (2009) 164
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Be window
L

e
|

R Innnn
i # .J—
| / |

4 Y

GCP

Wa

MCP coupled to Micromegas

Inclined to reduce more the IBF
(tested with CsI)

mesh

MCP

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

t Cst
\ on®
\ 1 mm
NN
lllllllllllllll MiCl'OlnegaS
MAAMMAAAAMAAAAAAAAAAAA egas

..........................................
1 . -

J.Va'vra and T. Sumiyoshi, NIMA, 435 (2004) 334
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GASEOUS DETECTORS FOR VISIBLE /,7

LIE I I ‘ ~ Istituto Nazionale

di Fisica Nucleare

Multiple GEM e ——
sealed Pulsed ion gating -
%m Continuous
T-«:«:u | mode, not a sealed PD
?E(lh 15"'”‘ :EF ’hv
.elsle'gt—"— F'CI ':... ]

mim —D‘—m{“

2o O Com
mm
o e s St e ol

R.Chechik P,
etal., NIMA sbmbe’ i cem D C? o
A. Breskin et al., oy Emmmmmmmey E
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 i

Istituto Nazionale
di Fisica Nucleare

2 staggered MM layers to enhance ion trapping

K-Cs-Sb
Double MM, Ni mesh

Mesh1 Mesh2

100 pme 190 um¢
250 um pitch 250 um pitch
PRI s -

>
n
—
<
b
Bi-alkali Photocathode lcathode (Veapoce] g
6.0 mm
Micromesh(#330) 1
g mmemnnene s e —m] £ e g LER
' rm“:l\:n:u:'\l/I xgr?gslg#g:ig)nn et VmeshZ ;
e < |BF : <2.5%107 c
Anode plane lanode ¥ ' ' o 2 P 3 ]
: = | IBF: 6 %107
9 | — Q.E.in Vacuum Galn < 104 i ! 04 R '
Vacuum, 20% [ —°cn= § vy
. Q.E. in Vacuum after “ g .‘ Ev.z Gain : 104
10 — g% E l
E '3 I s o >"3 0,1 Electron + lon q
g © 00 L B i} |
g \ = - ‘
€ ! \ i o2 02 ML
£ \ : 2383 3585983 8 3395858834
3 I Ar(go%)+CH(1o%) 7999 = < 99 9 ° <2 =<
<] o 4 Yeauxis [mm] Xeaxis [mm]
01 | 12% (stable) after 1.5y
0.0 R
wowe W ww K F. Tokanai et al., NIMA 766 (2014) 176
F. Tokanai et al., NIMA 610 (2009) 164
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GASEOUS DETECTORS FOR el

VISIBLE LIGHT 2

di Fisica Nucleare

Gaseous PMT ‘-magata u. TMu, HamamaTsu

Position Timing Magnetic | Effective
Sensor type Sensitivity | Resolution | Resolution | Uniformity Price Field Area
Vacuum PMT G a © A e} A o
CCD/CMOS < e
Gaseous PMT O O

The advantage of the gaseous PMT:
It can achieve a very large effective area with moderate
position and timing resolutions.
“{tcan be easily operated under-avery high magnetic field.

= =
Tungsten lamp I | .
R { +GasPMT 0 : 0 - ‘
: {V thod I g | #GasPMT 6 : 90° 3
Bi-akali Photocathode  lcathode S o { |
5.0 mm 0.01 | #R5924-700 : 0 \
Pyrex glass CP lcp N . :
.'~'| ,'F'| ,'F'| AAAARA '"5 IF \ ARA -' ‘
UAVRVAVAVAVAY 'IJ VAY| l'u' viuu : 0.001 \ "
0.5 mm Micromesh(#330) oP_OUT 0 02 04 06 08 1 12 14 16
0.4 mm lgesho Magnetic flux density [T]
VIPGD Lecture Series  Anode plane . H. Sugiyama et al., NIMA (2016) in press
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Gaseous Compton camera for medical

imaging

2,
INFN
(—/.

Istituto Nazionale
di Fisica Nucleare

Electr'olummescence light is detected by THCOBRA with 2D R-O

e
"""""
o
l..

Bled, 10/6/2015,

‘ Dr'lf1' time provides the third coordinate

PP
""""""

High pressure

Absorption (10-20 bar)
region o ’ ﬁ} Photoelectric
ey Absorption
ho
- t’ ,

Resistive Llne

Top
strips(V;)

Top Strip

Cathode
strips (V..)

= 3
EdriﬁT

Csl thin film

Photoelectron

Anode strip (V)

°
.....

2st charge multiplication
stage

Csl-THCOBRA

Photosensaels

Quartz Window
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INFN

Scintillating Glass-GEM imager I

Istituto Nazionale
di Fisica Nucleare

1. Glass Substrate (PEG3) |

2. UV exposure (15t_exp)

3. Crystal formation

(heat treatment)

4. Via etching
(hydrogen fluoride wet etching)

5. Cr sputter & Cu plating

Promising technique for precise patterning
Able to drill high aspect hole
680um deep hole (ex. CERN GEM: 50um)

Max: 500,000 photons @5 OkeV

$50,000

500,000 |

Photons

4.000

° 1000 2,000 3,000

Gas gain

PHoTo ETcHABLE GLASS 3 : PEG3 v

P
. | oV Glass GEM
ﬁ exposyre . Sample Cathode
R R R RN Mask Imag|ng setup ITO Glass Window
p: F 4 i Scintillation light
Crystal portion SR - [
(Li,0- Si0,) ionization e f"‘_ :
10 kV X-ray tube - 5 '
Via i
AAAAdAAl i
1 e Hespey ;
' ' ' etching -y i
Yy Yy g’ci P;T:irngm lelectron avalanche ' - ' ‘(b) -«\ :
M -
DEDZZDD YA - & excitation !
i 1
RO XX XX
Ed=10mm

Ei=2mm

70u
scintillation light . b ‘

Cooled CCD Camera

N\

'__, ' . . . (T Fujiwara, et al., JINST 8 C12020, 2013

100mm

>

S LAy

2 908 gc(n vs pnocoriq

Obtained image of leaves (2 sec integration time)['0

—

Excellent spatial resolution =500um
Quick imaging of low Z material with low energy X-rays (=7 keV)

Gas gain:

5000 6000 7,000 8,000 9,000 10,000
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« CRYOGENIC MPGD-PDs  inN

Istituto Nazionale
di Fisica Nucleare

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
I_window _ GPM (light readout) | OR |_Pads (charge readout) |

[ SiFe
Cathode 1 Electronavt‘nche Gas phase H}%ﬁ{ H%%j! L;%ég %‘;
\V ]
=

|:- B 01Ol
aritt~ V!
; | //‘7 \_/‘ -
AVrgems 'l='1___ — : i = AVricen GEMs — > E %}I;E%J \é JJ;_, L{:é f
| |o |, | | Jo o ] 3
I : I trans 1 \3 - Cal ] A rf\./ — - __-
AVTHGEMZ_Eu_t : : a T Aoy ' photocathode EE’

i
ind I I - lonization signal —=| ¢ =— Scintillation signal

— AVyicromeans ? Liquid phase: }
Cathode _ |13 He, Ne, Ar, Kr or Xe Tﬁt‘.h'ﬁéi{é""""i'z """""""""""""""" prrmr
a) b) ~a 2 51 Photons S2 lonization
- Electrons

7 \ Liquid Xenon
Cryostat Radiation
S.Duval et al., JINST 6 (2011) P04007 .
A. Bondar et al.,NIMA 556 (2006) 273 L.Arazi et al., JINST 8 (2013) C12004
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Triple THGEM Gaseous =)

INFN

Photo-Multiplier for DM (.o

GPMs

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

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

bulkiness) or SiPMs (dark count rate) 4 GPM
s

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

Sarassaans sasas vasinane s paid ARMAE
= Stablegain.ulOS e £ "'\.{PMT‘
3 Lt ks 2
- Large dynamicrange: 1 - ; . lgy: 1 E 3
0(103) photoelectrons N /152 ] v
et gl aad ; 4” triple- ‘=,
- 1lnstiming(~200PEs) |} || _f THGEM GPM T
: 2 ! 1 | ; 3 . ] = — %
- Expected PDE ~15% after |- - o \t' v e S |
optimization i S _r' A GPMI
o R, T T 1ﬂme2[us]3 7 T
* Also: on-going R&D on n/y imaging with pixilated
readout (arXiv:1501.00150) Csl coated
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Bubble-assisted ' N'F/}?

electroluminescence in LXe . i

di Fisica Nucleare

A “local dual-phase” noble-liquid detector

TOWARDS LARGE-SCALE NOBLE-LIQ DETs
GXe top PMT
IPTFE T | , ,Y“.’??%!EMA'“ Energy resolution 5MeV alphas: 6/E=7.5%
hold_er g N1 5.0mm ; :
Vitesh e ': ______ Mesh Time resolution: 6=10ns
V., {'l_:L E‘i THGEM >0mm  Bybble (under THGEM, GEM) stable for days
oA D D G BubE)%u:: 04mm  Cs] on THGEM: high pe extraction
s 1 45mm
wite bl 0 & 0 . L BN} . . L N .t\zh:e.pla.n;
.bo’;t'or;\ I;MT
LXe

Typical S1 - S1 photoelectrons - S2 waveform

loniz. e’s

5 %

L e

Rl .
| \ loniz. e’s

ti-me i seé:,‘ 4
UV-pe’s

‘ EL in bubble A Breskin MPGD 2015 Trie

amplitude (mV)
{
f
3

Light readout

Breskln J. Phys. Conf. Ser. 460(2013) 012020
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Dual-phase LAr LEM TPC  inewN

“ Istituto Nazionale

di Fisica Nucleare

Goal: Neutrino oscillation exberiments: WA105 (on grodnd) and future (u'ndergro-und) DUNE.
Hadronic Shower

a R Ve T
YTy

. . . ’!‘ :
E Proto tracks: = i -

ptimised values

' »40 pm rim
%" »1 mm FR4 thickness
.- +500 pm diameter hole

FETE) : P < A S 1., »800 pm hole pitch and
L] - " e = ) * " " B 3 h l | t
high ionization density in LAr=>» need low gain E _E e i
ms®
{ n - .
s .led‘emonstrators() —— [dC/di-150 pFim | CCantlnl et al.’
12 5050 cm LEws 144 5050 e LEMs DC: 5nA/LEM(50x50) JINST 10 P03017

o7 = — Stable gain ~20 (fine) (2015)
e A —-—

,

. ———_ T ~3500V; spark on edges
—— - — (use COMPASS RICH solution?)
12 & 144 50x50cm? LEMs Charging up of rims: gain stabilizes. OK
DUNE: ~3000 LEMs (50x50) Ongoing R&D on RESISTIVE WELL concepts
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LARGE SIZE PROJECTS  inN

~ Istituto Nazionale
i Elaiaw Il...—l’.-\-(

JONMM ) ...

PFressunized vessel (30 L5 bar |

e 1/2.k Y,
XENON (dark matter) R NEXT-100 (neutrino-less
Venice, 2003 double beta decay)

e R A R
Panda-X, THGEM + DUNE (40-kt LAr)

MM (dark matter)

Water Cherenkov ] Sanford
shield e

10

i
|

| |
J!ﬂ,ﬂ!ﬂ,u aja(e)afs

ufu!uh: )

PMT

@ /| DARWIN | se| ©
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gas: C,F,,

presentation by Stefano Levorato
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SUMMARY / CONCLUSIONS NN

< Istituto Nazionale
di Fisica 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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