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Glorious tradition: 100 years of /yiv

gaseous detector developmen-rs e o
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Needs in HEP fundamental research

- Driving force: need for w-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: - 1970s: large area position sensitive
gaseous detectors available
TR+dE/dx electron identification _ . L.
- Suitable photo-ionizing agent:
Cherenkov | m-K identification range benzene: Seguinot-Ypsilantis NIM 142 (1977) 377,
- 1] TEA (7.6eV) NIM 173 (1980) 283,
TMAE (5.3eV) NIM 178 (1980) 125.
e/ dx 1 in high h to detect sing|
- agas gain high enough to detect single
1] [ 1 SeteEleETEE
11-2%: 1 - conflicting requirements because of the copious
FWHFI’;\ | | UV emission by the multiplication avalanche.
- solution: multistep avalanche chamber
0,1 10 100 1000 .
p (6eV/c) (Charpak-Sauli Phys. Lett. B 142 (1977) 377) or TPC

Advantages wrt PMTs: 1) cheap, 2) magnetic insensitive, 3) low material budget
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RICH with large area gaseous PD’s =, =°%°  ~&=
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detectors, parallax error)
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(T _bubbling <T_operation)

= Anode wire *photon feed-back from amplification region
o ' (protections)
- mm schemically extremely reactive
DELPHI barrel RICH, NIMA 273 (1988) 247
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1956: ‘

Csl layer has large .

QE for photons © lfp
with hv > 6 eV - o
(Philipp and Taft)
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Fie. 1. C sketch of phototube; (1) 9741 glass bubble window, (2) graphite coated 2 3 4 5 6 7

collector sphere 4 inches in diameter, (3) £ inch glass tube, platinum painted, (4) nickel hv eV

sleeve insylated from tube by glass beads, (5) ion gauge, (6) eveporating cylinder and helical
o heater, (7) collimating shield

Fic. 2. Spectral distribution of the photoelectric
vield for Csl surfaces: (a) thick film, (b) single crystal,
(c) thin film evaporated in presence of excess Cs.

. Phys. Chem, Solids. Pergamon Press 1956. Vol. 1. pp. 159-163.
PHOTOELECTRIC EMISSION FROM THE VALENCE
BAND OF CESIUM IODIDE

H, R, PHILIPP AN'DII:‘.. A. TAFT
General Electric Research Laboratory, Box 1088, Schenectady, New York

Thin CsI film

Csl is highly reactive
with water and oxygen:
It took many years to
develop appropriate
substrate preparation,
deposition method,

handling technology
for high QE gaseous PDs

Townsend

*avalanche
_\:\T\/

® Cherenkov
@ Photon
\ @

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

AAAA
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1992, F. Piuz et al. Development of large area
advanced fast-RICH detector for particle
2 identification at LHC operated with heavy ions
% . o TO ACHIEVE HIGH Csl QE:

‘ 0 : 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

. S of ~ 10" mbar, monitoring of residual gas composition
The best fused silica cuts here | Thermal treatment:

| Francois Piuz "\

- ."\ N\ .\

0.45
okl mel{,ggﬂl ] after deposition at 60 °C for 8 h
0.35 44 e | | Careful Handling: |
oa S ~O- TUM-HADES measurement of PC response, encapsulation under dry Ar,
: ‘*-\-JL.{: mounting by glove-box.
& 0.25 =0
= =Ny .
8 02— e \“‘\ Schematic structure of the COMPASS Photon Detector:
0.15 T v ,
0.1 X{‘%\\ Smm | : { =™ Quartz Window
0.05

Collection Wires
4] ‘Q:l\"r' 20mm (0.1 mm, 2mm pitch)
150 160 170 180 190 200 210 220 )
wavelength [nm] 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.s. ,  ~~~rrrrrrssreosmemmmmes Anode Wires

on small samples (reference for RID-26). PC32 15 one of the four 9mm (20 mm, 4mm pitch)
PCs equipping the ATLICE-RICH prototype used in STAR at = A1y "~ " """ """t st reven

BNL. A. Di Mauro, NIM A 525 (2004) 173,

» Pad Cathode Plane
(8xE¥mm pitch)




RICH with large area gaseous PD's
2" generation: MWPC's + CsI

. WPCs with solid state photocathode (
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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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PHOTOELECTRON EXTRACTION

Nt e a0

=  Photoelectron extraction from a CsI film, the role of gas and E
g | 3 o CH4, 200 Torr °
‘5 1 VACUUM " vacuum 4.8 10°mbar ‘: 1.4 in CH4: 800 Torr . :
3" . - 5 ,, [+ cra/i-canio (95/5), ]
EPPCLLLEE i O 800 Torr ¥
o v 1
L E 1.0 e o o P e 4
10 3 ol 2§ " ¢ 1
£ § 0.8 g ‘I
: T o0 -
i o %, P 0 " :
c v . A. Breskin et al.,
1=——"5o06 10000 15000 20000 25000 30000 /p [V/emsTorr] | B NIM A 367 (1995) 342
Volt over 1 cm
160 7 10 r r ; r r r .
140 4 | Atm. pressure } /”(
,&.. 09 Gas flow mode : . ‘/
3 120 g | //r
£ 100 - g 08 | i
5 F L o Ar/CH4=66/34 R
5 0« " AR e _—
O g0 - L] = Ar/CO2=70/30 S ] i T ' |
2 n 8 06 et cra —
_2 40 T u + Ne/CH4=62:38 = ] "‘,J - Ne0%CF4 |
s, s 8 T Nerocrs |
O CH4 s TR
0 - T | \ 041 : . ——————
0.0 05 1.0 15 20 25 30
0 2000 4000 6000 8000 £ (kViem)
E (V/cm)
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

Ion accumulation at the photocathode

ZIon bombardment of the photocathode

Ion and photons feedback from the multiplication process

moderate gain:<10°

(effective gain: <1/2)
not fast

_200-150

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

0.2 mC/cm?
L
‘ N.0.2 mClems )~ 35
| X X -
L
\ 25 n
|L 1 mC/cm? ) :
=S _
\( " < | [ \*\ |15 -
- | SN
\\\QL ,

f %\\ MWPCs > slow signal formation

+ low gain 2> "slow" electronics (signal

integration, low noise level)

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

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

CERN, 10/6/2015,
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WHY MPGD-BASED PDs

Reduced ageing

High gain > high photoelectron detection efficiency

: (signal due to electron motion)
Short integration time

High rate environments

> MICROPATTERN GASEOUS DETECTORS

N
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ION & PHOTON BLOCKING GEOMETRIES

First developments ...

GEM-based PDs

An “old” idea
U-photons
window
Cel—:= :
. e | E1
GEM — — — —

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

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

v The PHENIX HBD detects Cherenkov photons

v’ Proximity focus configuration
no window, no mirror

v' CF, radiator and active gas. L,,4=50 cm

v’ Very large bandwidth 108 - 200 nm : b
(6.2 - 11.5 eV) -

v triple GEMs for signal multiplication | & |

v' CsI photocathode : , -

v hexagonal pad readout (pad side 1.55 cm) B

v total radiation length within acceptance: 2.4%

1 1n

29

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

=
PH >}‘(<kEN IX o 18

:::::::::::::::::
aaaaaaaaaaaaaaaa



HBD - hadron blindness

» Electron signals are relatively rare (compared to hadrons)

o0 000 000000600 o 0000000 meSh
El. Field primary ionization
l/ N p:\of*o from dE/dx
electron
CsI (350
S— — — S— GEMs

pads

Yield

4000

T I L) 1 T L) I T T T 1 I T T T T I T T T 1
: —+— Charge of the electrons | 1

—+— Charge of the hadrons

- -
g -.-‘.'
B
. e
- -
: """-O-H_,
L L I L L 1 L I L 1 L 'l I L L 'l L
20 30 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

PH-<ENIX
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GEM-based PDs and IBF

rich literature

about IFB in GEM-based detectors
here examples with semi-transparent PC

+ strong dependence from gain and Eger
« poor dependence from pressure and gas type

E ~ 1 kV/cm needed
for good photoelectron
extraction

Ep= 0.5 kV/icm
i = 3GEM+PCB
T~ 854085 pym |
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The same for reflective PCs :
1| I small and reversed Ej is needed

E (kViem)

A. Bondar et al., NIMA 496 (2003) 325

A. Breskin et al., NIMA 478 (2002) 225d

IBF: a few % level in
effective GEM-based
photon detectors
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OVERCOMING IBF

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
o — A T
- = E[kV/cm] IBY 277> Exg.8kVicm’ " 2 2 \E[KV/em]
TN T BB £ 2w X, O ) s B
[\ o | “ {50 fiz—lte—n}l] Ml
[/ \\ ‘ \ AR 45 Aoy o i s
R F { -
IO 40 t R = o \
) oD >V ST
ViEE30 | A e |
\ (IMD5 1 i(adov '
o0 (== 1
14;}=15 Taxd 7
;-0 11N B
NN {’{-5 P e tainty 2 ;}
_ o /) vy ALY Lyashenko etal., |’
e siodrgs “ ”"'""“7‘"“'““ i JINST 2 (2007) P08004
. \ ‘
| | |t |

O —_—
1 F-R- MHSPIGEMIMHSP 1 IﬁlippeanlbrlafgﬁlEM B
.JI 10" %E‘" = 0.2kViem l%Efzﬁsmcm
COBRA + ‘\Eﬁlzmk Jor— e e e
) 10—3 F\ gl
: \f — I I -
: , by b | 4 il e — A.V. Lyashenko et al.,
4 :J_n :E :t: | e NIMA 598 (2009) 116
o = O e O s O sl & 104
‘ - | ArlGHz(95/5), 760 Torr ?ODTorrArfCHSJ
155 : | 10 LU L 106 Ll
M % | 102 10° 10 105 10* 1ot 10° 108
AV, Lyashenko etal., Total gan T e

NIMA 598 (2009) 116

J
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. ﬁ_ GEM-based PDs and GAIN

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*

CERN, 10/6/2015, Status of Photon Detection by MPGDs and needs in fundamental research - Fulvio Tessarotto g 22
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THGEM-based PDs, why ?

About PCB geometrical dimensions:
=  robust .
) ) Hole diameter : 0.2-1 mm
=  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

o e dispersion plays a minor role R. Chechik et al, .NIMA 535 (2004) 303

CERN, 10/6/2015, Status of Photon Detection by MPGDs and needs in fundamental research - Fulvio Tessarotto L'iFN
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More about THGEMs

High rate device IBF control B 04
B [1z 2 | A
5 1 14 0 [ 21 22 25 |
af 1] Fal 3
= P . ) " Z 14
g ] | Irradiation: . Triple THGEM: 3[4 20 |22
~ 1 | 8.9 KeV X-ray o lon Back Flow | |
i e reduction by [ [w 22
= . staggering plates S _ - . - .
09 A —~
\__/§ 1 l E 1 1
_ e S M
] - 2 5
i -’ L
o *
T T T T T T T T T T T T 1 -lr
0 20 40 60 80 100 120
Rate (kHz / mm?2 3
( : u EoeB IBFR < 5% !
single THGEM, no RIM = 13 2] 1 0
Eqny (KV/Cm) |
M. Alexeev et al. JINST 10 (2015 ) P03026 M. Alexeev et al., JINST 7
The gain in Thick GEM multipliers and its time-evolution (2012) C002014
. . _ =)
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.. PHOTOELECTRON EXTRACTION

v 1
photoelectron trajectories from ‘ ‘ ‘
a THGEM photocathode, simulation,
multiplication switched off
thickness 0.6 mm, diam. 0.4 mm, pitch: 0.8 mm, AV = 1500 V X
e Y X cross-section.
| field above the THGEM | | |1 ’ ‘ ‘
| E=0 il il
11 l =-500V
11 I E =500V

photoelectrons lost ] | photoelectrons lost
(not entering the holes) |{ | ( field too low for extractlon)

CERN, 10/6/2015, Status of Photon Detection by MPGDs and needs in fundamental research - Fulvio Tessarotto &FN 25

uuuuuuuuuuuuuuuu



PHOTOELECTRON EXTRACTION
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PHOTOELECTRON EXTRACTION

O_
-25
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TGEM 100
Wire plane
0
0 V/cm +100 V/cm +200 V/cm +500 V/cm +1000 V/cm
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THGEM R&D for RICHes

Quartz window

(4mm thickness)

Cathode wires

b o s s s 0068880000808 08

I ALICE VHPID
[3 T;EMs l;:’c a " ::I T H G E M &

J il HYBRID
(H m T‘—‘ =] / \
H i e ' .g
S

(97% transparency)

(s snnnnnnnnnnnnnnwnwww Thick GEM

Sense wires Field wires

Ground plate l

~6.0mm

~ 4.5 mm

~ 1.5 mm

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

N of detected photons is ~60-70% of MWPCs with CsI
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
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 R ___.
that the present performance could be improved in the future by E’ 1 R :
optimizing elements of the design. We are launching now systematic @ g - *:"
studies on TGEM geomeftry optimization allowing increasing the E ' 8 “‘/./
value of N, & and Az We also are planning to investigate g ] ‘.. BT
i altlmw i (PRI B e at i adl a Lar et ok UT—— “'t-. '_ ___,_,-r-"r o
5 | jia /.ff ' |
g - ~ a CH4 _
£ 06455 CF4 —
> 1% --d- Nef10% CF4 |
LL # --@- Nef5% CF4
. . - 0.5 Nef1D% CH4 |
> Relative extraction efficiency s —— ezt Cht
041® . . : ! : ! :
Respect to pure methane at L

E ~7kV/cm ~ 75% (my estimate) E o (KV/EM)

C. D. R. Azevedo et al., 2010 JINST 5 P01002
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HYBRID MPGD PDs (THGEM + MM)

= The 15 THGEM forms the PC | Setup Hybrid (300 X 300 mm®) with double THGEM

] The 2nd THGEM (Staggered) -Dr-i%? 0000000000000 00000000800000
forces the electron diffusion odmmo-08mm

g The MM provides large gain, ﬁ -
made larger by the diffusing S e A\ I .
the impinging electron cloud | s e, oo . | THGEW

)
p— Am———— staggered !

Gain ~ 130K

4 Single Photon spectrum in BEAM !!!
h‘*‘h éﬁf wﬁ
byl CANY
< =
i x\\(§
I\H'\]Q i %QQ\,}\)\
: N | AN
The same architecture ‘ SN
independently studied in parallel as e e s
GPM for DM searches (see later) ’ | ™ P
Courtesy of the COMPASS-THGEM group
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Csl Photocathods
THGEMs
m 2 THGEMs
m a THCOBRA with 2d R-O
structure 5D THCOBRA
Parameters
Structure Hole Diameter Pitch RIM
g‘ll TNT card ("lm) ("m) ("lm)
‘. g ] % L_‘ THGEM 1 800 5
Top S— THGENI 2 1300 100
Stip — || 2D THCOBRA 1000 80

Resistive Line

Resistive Line

Ya 1

2D-THCOBRA

« Gas Photomultiplier (GPM) : 2D-THCOBRA

> Good Ferformance
« Gain of 10°
+ |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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S GASEOUS DETECTORS FOR VISIBLE LIGHT

Nt e a0

= Investigated since long time
= 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/mm? F.Tokanai et al., NIMA 628 (2011) 190
Bilkaly: -20% QE at 0.4uC/mm2 [ Tmoriyaetal, NIMA 732 (2013) 263

Investigation of prototype gas-filled Photomultiplier
J.S. Edmends, D.J. Miller and F. Barlow, NIM A 273 (1988) 1

3
CERN, 10/6/2015, Status of Photon Detection by MPGDs and needs in fundamental research - Fulvio Tessarotto INF 32

‘ Istituto Nazionale
di Fisica Nucleare



GASEOUS DETECTORS FOR VISIBLE LIGHT

Nt e a0

= photocathodes for visible light
= 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/mm? F.Tokanai et al., NIMA 628 (2011) 190
. o o,
Bilkaly: -20% QE at 0.4uC/mm2 [ Tmoriyaetal, NIMA 732 (2013) 263
F-R-MHSP,
IBF: 3x 10
7 \
1D_ t.h.='j"'", Wifom, vac m QE~ZT %37 Snm q
107 700 Torr AdCH: (85/5)
(0] “_T“*Ti:#i
VS =) 1‘D4 I'LL_I-:.r._'nl-uz-'.“."":’--"-"""':" —
“ 3
_E 14}_
10° —
I_ (& paslcH oy ,_-:h'-.
10" e & s
3 o b - T ------- C&l {axp. 5) Doulble GEM,
: I . -2
Y00 220 240 260 280 300 IBF: ~ 10
".ﬂv_a,f__MH P & "'."UE.EM [1""Ir] A.V.Lyashenko et al., 2009 JINST 4 P07005
7<)
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G  GASEOUS DETECTORS FOR VISIBLE LIGHT

Nt e a0

= Dedicated photoelectron extraction studies

1 o | | | ]
Y I Bialka,
-'I'__"I. — | e L a i
% 0.8 E —m— Na{BOWIHE H,g(10%) Gas P 675 torr
2 = —— Xe{100%)
= 0.7 = ——H
L —

E% I § i’*‘r* t __'_____—ln
85 0% F /'I P
2w 04E e .
o - /',.-f _______.__ e
5 03 E iy — g .
& :p-f o4
@ 0.2 F ..Jﬁ"
£ =
5 01§ —— e
Ij i | L1 1 L1 L L L L L1 L1 1 L L L L L i L L L L

0 50 100 150 200 250 300 350 400
Electric Field E; (V/cm)

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

N
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GASEOUS DETECTORS FOR VISIBLE LIGHT

q\::;"'
Be window / Tast chambar
Wa A
S
v | . v
o WL o ~
i T | C
| / : -
7 V\‘7 MCP coupled to Micromegas
Inclined to reduce more the IBF
........................................................ mesh (TCSTed WITh CSI)
€
v I B
V. Peskov et al., NIMA 433 (1999) 492 MCP - —
NG
............... Micromegas ._. ‘ =
AN 66" Micromegas

N W . - 15 pm
[ ]

J.Va'vra and T. Sumiyoshi, NIMA, 435 (2004) 334

- Fulvio Tessarotto
(L izuwto azionate
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GASEOUS DETECTORS FOR VISIBLE LIGHT

—_—

Multiple GEM
sealed

R.Chechik
et al., NIMA
502 (2003) 195

Pulsed ion gating

% v
phatocelhods
N

=N )

e

}Ei 15"'”‘
.e.ﬂ.e'gt—-‘—
Amm T

2o O Com
Amm

2 TD :‘;D € o
Epure mm
P = :'1@ g =

P& & & o~

mm
1Ew anode

A. Breskin et al.,
B. NIMA 553 (2005) 46

N

Continuous
mode, not a sealed PD

v

Y ]

pc |

E
trans

MHSP 2 %@D <
bottom r_-_lh_-_-.-.-.-.- E,.w
cathode
A.V.Lyashenko et al.,
2009 JINST 4 P07005

Poor compatibility of bialkali and GEM material ?

Extremely poor QE of the bialkali PC:

the material of the GEM chemically reacts with the bialkali metals

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

A
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GASEOUS DETECTORS FOR VISIBLE LIGHT

K-Cs-Sb

Double MM, Ni mesh

b | Vca(hode

Bi-alkali Photocathode cathode

More recently: 2 staggered MM layers to enhance ion trapping

6.0 mm
Micromesh(#330)
I:I:El:ﬂl:‘lﬂl:ﬂl:ﬁl’:
0.6 mm Micromesh(#330) Mesh?
osmmﬂﬂﬂnﬂﬂﬂﬂﬂﬂﬂn IM 3 mesh.
. es!
L . -3
Anode plane lanode ¥ IBF . <25x10

| —— QE.inVacuum

Vacuum, 20%

Gain < 104

- . —=— Q.E. in Vacuum after
=z
S 01 ~\ Ar (90%)+CH, (10%)
| | 12% (stable) after 1.5y
0.01 . . ‘k

200 300 400 500 600 700 800
Wavelength [nm)]

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

In collaboration with HAMAMATSU

Y-axis [mm]

Mesh1 Mesh2
100 pme = 190 um¢
250 pm pitch -~ 250 um pitch

- =

IBF : 6 x1074

04 o

p
(- W W .
s

Gain: 104
= 0z .
3 {
Flocron > 0 Electron + lon Q
00 . . .
0.1
0.2 ".I “
2 3238 5 8 2885 85883 Y
TERTT == < = S = - - -
Ymaxos [mm) Xe=aaxis [mm]

F. Tokanai et al., NIMA 766 (2014) 176
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Sub-100 picosecond charged particle .
timing with MicroMegas :

Very promising rewcent development presented at RD51 Mini Week
Microbulk technology

_— - Pitch 100 um,

ITTTTNNNNNTANAN — Holes 30 um
1.8 0
Readout pads [+ o 6
| (5r capacitance - 9 "o )
Under development e . o 4

S. Aune et al. NIM A 604: 15-19, 2009
S. Andriamonije et al. JINST, 2010

Charged particle
di(nanosec)
0.040
photocathode 5
electron 008
preamplification o 0.038
0.037 b R T A
— - [ I [ I II 2
ol [ . I | 1+
- - = o s CF (fraction of peak oF | ; | | o
~20 pe: 36 ps rms time jitter observed O T O e R
_ - - - /-)
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AXION search: low bkg. X-ray detection

Micromegas as Low + High power to discriminate x-rays signals from other type of events. Event topology.
Background x-ray detectors in - |Intrinsically radiopure, very low radioactivity budget (Astr. Part. 34 (2011) 354).
axion searches: CAST & IAXO . Shielding techniques from low background experiments are also applied.

L CAST: CERN Axion Solar Telescope
=R -

—
T 1
S~ Q 4k
S X-ray detectors
Movable patform t Shielding

Detection: inverse Primakoff (Sikivie 1983)
Axions in a magnetic field convert to photons.
Expected x-ray excess when the magnet points to the Sun.

Sunset f | Sl e _ . i
detectors g ; - = B Sunrise

detectors

% 10+ — Unshielded MM /5 - S i e JINST 9 (2014) PO1001:
B * * Shielded MM qu background x-ray detection with
F—I | Micromegas for axion research
D 10 E LI H : :
-~ = o e .
2 FShielding uf grades A ﬁ
é 10% Eand muon veto # - " & «| JINST 8(2013) C12042
< - ! X-ray detection with Micromegas with
3 i UNDERGROUND -6
; 107 g___ bacf_(grm{nd_fevefs below 10
& " IAXO : keV-Tem2s1
2 - goals _
=) B !
11/2002 1272006 0172011 0122015 IAXO-CDR (2014 JINST 9 T05002)
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~ - MPGD PDs for medical imaging
B - Gabriela Llosa Llacer talk

by
.............

High pressure

Absorption (10-20 bar)
region oo 7 Photoelectric
Absorption

fh e nmmmmmnmmwwm-

Sclnflai
—

=  Gaseous Compton camera for medical applications
= Electroluminescence light is detected by THCOBRA with 2D R-O
= Drift time provides the third coordinate

Resistive Line

Top
strips(V;)

Top Strip

Cathode
strips (V..)

>
Photoelectron Edrm

Csl thin film

= === Anode strip (V)
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CRYOGENIC MPGD-PDs

- 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
7 | GPM (light readout) \ OR | Pads (charge readout) |

Cathode 1
I

E..~01 Csl
drift I

Electron avalanche Gas phase H}%ﬁf H‘%’%f( L;%é?j H‘é%z\;

I

A -
AVriigem1— = ! =T AVrgew s E F’Jfﬁl &—f \}HHLI“‘“};
Etranl I E IElram - \3 | ‘1&}% E‘HZ \é Aj;

Wreen = = : A T NV R

Csl £
g '—— photocathode P‘@l’ _
4 /
| IE . y
g I T s | . i i ] "
3 AVyicromeers i o ) .
b < Liquid phase: "‘!2 ‘L
Cathode _ N He, Ne, Ar, Kr or Xe vy UL T T T I T AL
a) b) T “ node S1 Photons $2 lohization

/ Electrons

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

A. Bondar et al.,

NIMA 556 (2006) 273
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Cryogenic: - Lior Arazi talk

Low T THGEM in noble—liguid TPC (DM etc.)

UV window (quartz)

GPM

most negative H

Csel“’- -:.‘ -‘\flim
- - [ -Tl: ~10mm

|
= - I -Tl:vs"’”

Gas: Ne/CF,
or Ne/CH,

ORISR, *

| goua

Dual-phase TPC

uv window\]:‘

Gaseous Xe =%

Liquid Xe

| Breskin NIM A639 (2011)117 |

| Duval 2011 JINST 6 P04007 |

PMTs

l I.ight or charge readout (GPM or pads) :

.. S, photon lonization
Liquid xenon electrons
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h=20m |

XENON (dark matter)

Max a’r{ﬁ'gfeng' i( thode Anode}
NEXT-100 (neutrino-less
hep-ph/0402110
Venice, 2003 double beta decay)

e R O o
Panda-X, THGEM +
MM (dark matter)

LARGE SIZE PROJECTS

| (bulkMM) [

'A—' plan

Electronic crates

53—

g "
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|| eszunited vessel (20 L5 bar )
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FIRST STEP TOWARD LARGE SIZE

COMPASS RICH-1 UPGRADE IN 2016

Photon detectors system now:

* 12 MWPC + Csl 600 x
600 mm?
. 4 MAPMT 600 x 600
MWPC + mm? (2006)
Csl

MAPMT

A -
e
ST

N ~

Hybrid Detector (2 THGEM + MM)

4 New 600 x 600 mm? MPGD based PDs
will be installed for a total sensitive

surface of ~ 1.1 m?

RD51 Mini week 8-12 June S. Levorato




SUMMARY / CONCLUSIONS

. 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
= recent R&D advancements > MPGD photon detectors are a reality
= A wide effort to refine and consolidate the technology

=  MANY APPLICATIONS OF MPGD-BASED PHOTON DETECTORS
= From PID to v, DM, medical applications ..
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