Thick GEM: a fast growing
MPGD technology

Fulvio Tessarotto (INFN - Trieste)
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THGEMs NN

‘ A lstituto Nazionale
di Fisica Nucleare

Gaseous detectors and MPGDs
GEMs
THGEMs
THGEM characterization
Different materials, architectures and applications
THGEM-based Photon Detectors

Large cryogenic application projects

First step toward large area coverage: COMPASS RICH-1 hybrid PDs
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Glorious tradition: 100 years of )

INFN
gaseous detector developments (.o

di Fisica Muclearea

1908: FIRST WIRE COUNTER

USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY 1911: CLOUD CHAMBER
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Firing Tube Detecting Vessel

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

1928: GEIGER COUNTER

Charles T.R. Wilson
SINGLE ELECTRON SENSITIVITY

Nobel Prize in 1927

Fio 2-mm atesl ball sdlderect
ta 4 brass wire
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: " Walther Bothe
H. Geiger and W. Miiller, oo
Phys. Zeits. 29 (1928) 839 Nobel Prize in 1954
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From Spark Chambers to MWPCs INFN
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SPARK CHAMBER - 1952: BUBBLE CHAMBER 1968: MULTIWIRE PROPORTIONAL CHAMBER

Donald A. Glaser
Nobel Prlze in 1992

T

Jm,. ]

% G.C. Santiard

? i mmW|

George Charpak
Nobel Prize in 1992

G. Charpak
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PPC
Geiger Counter
H_Gnu?r_-r’n'_l'.lur.ll.u e ﬁ Parallel Plate Counter

e

RPC

Resistive Plate Chambers
R.Samionice R.Cardaneli 1931

MWPC
Multnwire Proportional Chamber
Clhampak el al 1964

il. TRERRRE Time Projection Chamber

DRMygren stal 1974

GEM _ : Microstrip Gas Chambers

N A, Onal] 1588
Gas Electron Mulliplier
F Saull 1847

Micromegas
|Giomataris el al 7996

XVI Incontri di Fisica delle Alte Energie Fulvio Tessarotto




.
RD51 INFN
e

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

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
MPGD “know-how”™ for the world-wide

community
* Space 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 &FN

Common Facilities : Test Beam and Laboratory

Technological Aspects and
Development of New Detector
Structures

S
" & :

o
T "E' : v WG1:
K JAE" S .. .‘ Production, quality
P —. N ! control, industrialization
Common Characterization WG2: WG6:
and Physics Issues o ’ . S——
WG5:

Academia-Industry Matching WGB/NEW WG:

Events, Training, Education
Simulations and Software Tools
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MICRO-GAP CHAMBER

Drift plane

Metal 1
(cathode)

Metal 2
(anode)

Substrate

MICRO-WIRE CHAMBER

1. Metal Metalization
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2. Kapton ﬂ
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Many different MPGDs have been developed
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2 very solid, fully gs’rabhshed i
technologies: (e msiense

di Fisica Muclearea

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

Y. Giomataris et al., Nucl. Instr. and Meth. A376(1996)29
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/)1 GAS ELECTRON MULTIPLIER (GEM)

./~ Thin, metal-coated polymer foil with high density of
. holes, each hole acting as a proportional counter.
F. Sauli, Nucl. Instrum. Methods A386(1997)531
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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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CMS UPGRADE: ALICE UPGRADE:
1000 m? of GEM foils 130 m? of GEM foils
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GEM ILC TPC,
T. Matsuda

Resolution X Total - 4T |
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other projects with GEMs

CMD3 @ BES

)
INFN

Istituto Nazionale
di Fisica Muclearea

STAR - Forward GEM
. Tracker

JLab Hall A
GEM 40 x 50 cm?

H calorimetry(GEM)
(ATLAS, ILC)

GEM ILC HCAL,
A. White

CBM: GEMs

for tracking

T Takeshita.L CWS2004@Paris

Trieste, 21/04/2017
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THGEM INFN

g

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 (1 € per 1000 holes)
- water jet
- laser
- chemical etching
- preformed (capillary plates)
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Classical THGEMs & N

About PCB geometrical dimensions:
robust .
: : Hole diameter : 0.2-1mm
mechanically self supporting Pitch : 04-4mm
|qrge size Thickness : 0.2-2 mm

industrially produced

Geometrical dimensions X ~10
But e- motion/multiplic. properties do not!
Larger holes:
dipole fields and external fields
are strongly coupled

- A . . introduced in // by different groups:
e dispersion plays a minor role L. Periale et al., NIM A478 (2002) 377.

P. Jeanneret, PhD thesis, Neuchatel U., 2001.
P.S. Barbeau et al, IEEE NS50 (2003) 1285
R. Chechik et al, .NIMA 535 (2004) 303
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THGEM characterization INEN
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At Weizmann Institute, CERN, Trieste, Aveiro, Beijing, Nagoya, ...
Full characterization as gas multiplier and photon converter substrates
Measurements, simulations, response dependence on parameters.

More than 50 different THGEM types have been characterized by us using X-ray:
- optimized drift field (specific for each type)
- large rim - large gain but good gain stability guaranteed for small rim or no rim
- production procedure details are very important
- good rate capability

Using UV light source prototypes of small THGEM-based PD’s have been built
and tested:

- photoelectron extraction and collection efficiency,
- timing properties of the signal (using 600 ps long light pulses)
- photoelectron detection efficiency with digital r/o

Fused Silica window

Many prototypes Wires \‘I, 77777777 7777 77777
of small THGEM- A
based detectors N o
have been built . e
and tested

THGEM 3 e OO I T

[ |
Anode with pads /
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Gain ~ 1 M, time resolution ~ 8 ns

=)

INFN
C

| AVyor=4.53kV | h_t6
, . . r ¥2 I ndf 232/29
30"__ Prob 0
Trlple THG EM £ G =2 O * 105 Constant 292+10.3
N A o — = = - | ] 2800 ' Mean /;'%3;.: £03
] S . A . . | - Sigma ('7.624Y 0.174
Effective gain = 0.91 - 10° 20E _/
- __________________ \-\' i ! ! ! | 150
510 ::::::::::::::::::;:::::::::::::::::::;::::::::::::::::::;:::::::::::::::::?ﬁg:::::::::::i AI’/CH4: 50/50 100
T e -
— ' . ' R % S— I S i
PARAMETERS: R S S—— -
+ Diam. = 0.4mm b et ;. S
« Pitch = 08mm s R I time (ns)
« Thickn. = 0.4 mm I S IR SV S—
. Ri . f s T S
Rim 10 pm § Irradiation: »
10 0] 100 200 300 4E|}0 5E|}0 SEIJD 8.9 KeV X-ray J'
Charge [fC] 2
g
Small size PD’s (active area = 30x30 mm?2): -8
i
typical max. stable gain: with UV light in lab: 1 M
(during test beam: 0.2 M)
efficient detection of single photons ol| =
signal formation time = 100 ns, time resolution = 8 ns 0 20 80 100 120

Trieste, 21/04/2017

Rate (kHz / mm?)

Igtituto Nazionale
di Fisica Nucleare
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THGEM R&D for RICHes

)
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6 ™t Cherenkov

ring

ALICE VHMPID
THGEM & HYBRID

Quartz window
(4mm thickness)

Cathode wires

-------------------

Entries

* [pad]

(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

T genlote et 4 J i)

PR
-900
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-850

)
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L [
-750 -700 -650 -600

Time [ns]
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THGEM resistive WELL

(=

a ) b
Drift electrode / Drift electrode /
__________ 7 gkt g S
f/- ;_,-
-/ =/ MIP
/ MIP / 2.5-4mm .
fi THGEM ,-"f . ﬂ" f‘t_e IECtr_O dE ________________
? ~5mm ;j ’\v”F’uF:) N
/= I -
/ i ! A
SRWELL 7/ ‘E/"“d Custrip SRWELL /- 1.5 mn| - Ne- or Ar-based
& | Yo/ - mixture 5 mm
ya—  E—  — -
SRWELL+THGEM; AV, . 560 V. AV, .. = 50V
a 7o0E ) single-faced THGEM | st
resistive

500

400

200

100

300}

p-beam @ 10-20 Hz/cm?

MPV =12.35 + 0.12
Sigma = 3.658 + 0.053

100

120
Qi)

Goo

500

400

100F

300F

200

% 20

n-beam @ 0.5 KHz/cm?

MPV =13.47+0.12

40 B0 &0

Sigma =4.418 + 0.056

100

120

Qi)

S. Bressler et al. JINST July 2013

arXiv:1305.4657

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

- plate

AEERLLEEEEGE)

J 1 I

silver paint +
conductive
glue

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

Trieste, 21/04/2017
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THGEMs
2D THCOBRA
Parameters
Structure Hole Diameter Pitch
(Hm) (Hm)
THGEM 1 400 800
THGEM 2 700 1300
2D THCOBRA 400 1000

Csl Photocathods

)

HYBRID THGEM + THCOBRA NN

‘  Istituto Nazionale
di Fisica Muclearea

2 THGEMSs

a THCOBRA with 2d R-O
structure

T. Lopes 2013 JINST 8 P09002

» Gas Photomultiplier (GPM) : 2D-THCOBRA
> Good Performance
« Gain of 10°
+ |BF values of about: 20%
» 2DITHCOBRA adequate to obtain image
> Position Resolution: FWHM= 300 um, o= 128um
> Count rate of 100kHz

»Resistive Line

TNT card

XA e
—e
Top —
Strip il
- et

2D-THCOBRA TS

Trieste, 21/04/2017
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Gaseous Compton camera for medical
imaging

)
INFN
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Electroluminescence light is detected by THCOBRA with 2D R-O

ommE AR,

‘ Dr'lf1' time provides the third coordinate

High pressure

Trieste, 21/04/2017

Absorption (10-20 bar)
region Photoelectric
Absorption
. ® i
A o o Y
j e® %
i ] . g'
A i
.-'.'-'- Pl de. e

ﬂa fior iéa ’ﬁ:..:

i

Resistive Line

>
Photoelectron Edri‘l‘t
Csl thin film

Top
strips(V;)

Anode strip (V,)
Top Strip

Cathode
strips (V.)

.
'''''

>
2st charge multiplication E
stage ind

Shaping ring

Csl-THCOBRA Photosensep

Quartz Window
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GASEOUS DETECTORS FOR ,NQ

VISIBLE LIGHT -

di Fisica Muclearea

Gaseous PMT ‘amagata u. MU, HaMAMATSU

Position Timing Magnetic | Effective
Sensor type Sensitivity| Resolution | Resolution | Uniformity | Price Field Area Ope Fa'[IOI"I |n magnetlc field EHVI ronmen
Vacuum PMT © A o 2 © 8 o
CCD/CMOS & © X @ A 6] X
| Gaseous PMT O O

oF May 23, 2002
<,

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

Tungsten lamp & i )
0 X | +-GasPMT @ - 0° e i
[Veahons = i ;
thod = P . gg o ,
Bi-alkall Photocathode ~ lcamode 5 = { |
5.0 mm 0.01 | *R5924-706 : 0 !
Pyrex glass CP lep [
""".'-.ILI'-'I '|: |:- 'l ,l"l ' ' [ |
| | I | ! | l | |
VUL VUL 0.00] [y
0.5 mm Micromesh(#330) cP_ouU v 0 02 04 06 0.8 1 12 14 1.6
e [ o [ e [ e e O e o o R e O e [ e Y e | ) . FaC
0.4 mm bsesho Magnetic flux density [T ]
Lecture Series  Anode plane lanode ¥ H. Sugiyama et al., NIMA (2016) in press
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Scintillating Glass-GEM imager INFN

‘ Z lstituto Nazpionale
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1. Glass Substrate (PEG3) | PEG3 R "
z ex%aé%e . Sample Cathode
Bobdbbiddbibiy Bl Imaging setup \ ITO Glass Window
2. UV exposure (1%_exp) . electron Scintiliation light

Crystal porti s
’ - :ng- Si;::?ﬂ v ionization 4 ‘
3. Crystal formation [T T H/|

(heat treatment)

— \ia
A AAAAAAL-
4._Via etching DD[“:“:”]D — HtF:?pray
(hydrogen fluoride wet etching) etching)
WETEY :rcsup:'::fngm S e!ecu'on avalanche ' . . '

Ny g & excitation

5. Cr sputter & Cu plating DDDZD Dj i_I'OYA
PHOTO EtcHABLE GLASS 3 : PEG3 I
- Promising technigue for precise patteming l i sa 3_
»  Able to drill high aspect hole m = b s

E80um deep hole (ex. CERN GEM: 50um) -‘_:‘ W 4

)00 ..
illatio . ‘ . . . Cooled CCD Camera
\  — ' . . . | T.Fujiwara, etal., JINST 8 C12020, 2013

- e e a 100mm

AR

tian light

Max: 500,000 phntnns @5.9keV

:ﬁt: . i e gugll’n '.r:;:;;uriq
G Ph otons
450,000 |
400,000 2
§ 0000

oo Obtained |mage of leaves (2 sec integration time)%
100,608 | . 1
saces| Gas gain| ~E-

ol e i | I | L Excellent spatial resolution =500um

Quick imaging of low Z material with low energy X-rays (=7 keV)

Gas gain
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CRYOGENIC MPGD-PDs  inn

Istituto Nazionale
di Fisica Muclearea

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
: Z -mﬂw , . GPM (light readout) ‘ OR | Pads(chargereadout) ]
I Cathodel Fe Electron avalanche Gas phase \%}_{ ‘7{‘%;;#‘ \7\%%?}; %%Z;
. \
[ 3 Egn~01 & 7 [ - —
| S | J- ¥ //_.
AVrigeny s == : BT W L o E H;ﬂ%}fr %% &
Etrans I : IEiraun \\‘\u 'l—lﬂJ-ﬂjT'l—" Csl | ""‘/ ‘ o
AVrigen = = : BT M ML R photocathode £ E:Z;f W
Eiml I : TE'""“ 1 lonization signal — ’:"<—=Scintillation signal ] D\/\lLL | . 'aul i
‘—ﬁ—i\’”m”m % Liquid phase: . JR—— 1‘? ............
a) b) caode s r::“ e, Me. Ar Krorxe TPC Anode S1 Photons Si::?::::i:n
7 \ Liquid Xenon
S.Duval et al., JINST 6 (2011) P04007 i e
: - 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 ( ..

* 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
m S

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

- Stable gain ~ 10° A A ..... ; _#l” ...... PMT-
SN O O O T
- Large dynamic range: 1 - 2E" Jf__ :
0(102) photoelectrons T | !\52 4” tiol _.
UPTOITUIINIO0: JOU0E M SOOI RUI SO rpie-— ‘=,
- 1lnstiming(~200PEs) | | ]k BN THGEM GPWVI' T
: : S T : ; - ==l
- Expected PDE ~15% after - T }' = '
optimization _51_f\1
’T‘."”"?""”"'TT"“"TR?FHM;'T”. 1 1 ‘u_ WWT‘.‘W
-3 -2 -1 u] 1 2 3 4 5 5] 3
time [ps]

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

Trieste, 21/04/2017 XVI Incontri di Fisica delle Alte Energie Fulvio Tessarotto 23
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Bubble-assisted .

electroluminescence in LXe (i

di Fisica Muclearea

A “local dual-phase” noble-liquid detector
TOWARDS LARGE-SCALE NOBLE-LIQ DETs

GXe top PMT
7 v - | | |
IP"":E VR -”‘—'E 2R Energy resolution 5MeV alphas: 6/E=7.5%
noldeel. —————— 15." 5.0mm : .
Viesn e ke \ ... Mesh Time resolution: 6=10ns
",1 - THGEM >0mm  Bybble (under THGEM, GEM) stable for days
Vi D. g| 'j_ EE 04mm  Cs| on THGEM: high pe extraction
i T e 4.5mm
V. ‘-..I...'.....l..
wiee Pl | it Wrre Plane
bottom PMT
LXe
_ Typical S1 - S1 photoelectrons - S2 waveform
Lum— -[ g el i ittt
<l N
. \
3] prom— e |6
%_ : | f u“ ! "\ E
el | R 2
: \ \ loniz. e’s <
| | :
! \I g
: ' " time ( e \\' \"\'\
-pe’s \
R . \
‘ A Breskin MPGD 2015 Trieste
‘ ELin bubble Breskin, J. Phys. Conf. Ser. 460(2013) 012020
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PTFE THGEMs for CDEX m}?

< Istituto Nazionale
di Fisica Muclearea

PMT/GPM

HPGe t=0.38 mm,

_ d=0.3 mm,
ouid A inner-barrel p=0.7 mm,

cool screen r=30 um

outer-barrel

Ny "'..e‘: R
Fig. 2. A photograph of the PTFE-THGEM; the

enlarged part (right) shows the holes and the rims
surrounding them.

Wen-Qing XIE et al, Chinese Physics C,

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

Avitlet o P cusice. \/ol. 37, N. 11 (2013) 116001
SHV sigmal mini-X ray source

i PMT disadvantages:
ciio [ | | drif high co?]t,ollimited aTea,

pLidd T 5 mm f’.vl:.}l Ar/isobutane=95/5 UnmatC € SpeCtra
.  PTEETHGEM or pure Ar response, radioactivity

pt100 THGEM - PTFE THGEMSs
ligud riiroben 2 o —— Almost no radioactivity,
readout demonstrated to operate

Fig. 3. Schematic diagram of the experimental setup. On the left is the test of the PI'FE-THGEM at cryogel n'cely at 117 K
temperature; and on the right is the internal structure of the PTFE-THGEM used.
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)
INFN

< Istituto Nazionale
di Fisica Muclearea

Dual-phase LAr LEM TPC

GO;|: Neutrino osEiIIation exineriments: WA105 (on grm;nd) and future (u-ndergro-und) DUNE.

Hadronic Shower

ptimised values

ST
2\ N

. - -

Prototracks: -h

B |
T AR [T

i J i x
N (] ] = - - " 5 ] T ] =

high ionization density in LAr=» need low gain

“demonstrators”

Ix1x1 m! DLAA-prota

Gachxh m* DLAr in beam test

|dC/di-150 pFim |

SR, 40 pm rim

% - »1 mm FR4 thickness
- +500 pm diameter hole

. .°, »800 pm hole pitch and

A% hexagonal layout

C.Cantini et al.,

12 50x50 emd LEMs
Hm

144 50x50 cmd LEMs

DC: 5nA/LEM(50x50)
Stable gain ~20 (fine)

JINST 10 P03017
(2015)

S

s

. - - -
llllll
pppppp
------
......
------
------
------

......
......
|||||||

-----

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

Timescala: 1015-2016

Timescale: 2016-2019

12 & 144 50x50cm? LEMs

DUNE: ~3000 LEMs (50)(50) Ongoing R&D on RESISTIVE WELL concepts
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LARGE SIZE PROJECTS v n
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Replaced by Hybrid THGEM + = )

o INFN
Micromegas PDs - tsttuto Mazionat

FUSED SILICA WINDOWS
WIRES
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PCB material selection:
50 THGEMs 300 mm x 600 mm
sent for producton to ELTOS SpA
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THGEM production at ELTOS .

: : F
and surface treatment in Trieste & N

° R |
A post production specific surface treating and
: cleaning procedure developed in Trieste is applied:
Surface Polishing.
- High pressure water cleaning.
Ultrasonic Bath with Sonica PCB solution (PH11),
distilled water rinsing and oven @ 160 °C

G
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-, » |
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Assembling, CsI coating and mounting m...;?

the detectors on COMPASS RICH-1 -

di Fisica Muclearea
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N.Hits AZ2>20

Commissioning and 2016 COMPASS run

HV monitor and control system

n pecobvhybrid.cern.ch)
W Status

POSHD | FOSHL || POEHD POEHL
qg&_rb: [ | omuu:- 0..0; 0 ] QHREDE 0, 0, O | :mltrm % o ] |
Set ma Set: 104
POSHOS0 || POSHOSL | POY
Of: 0 OR: 0 [ oR O R
af: 2 off: @ aff: 0 afF o F 0 of: 0 o o o 2
Qm: 0 qm: 0 qro: o qU: U om0 om: 0 om: Qm: 0
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on; @ on: o on: o on: o on: o On: 0 on; 0 on: 0
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Set; 104 | Sob:104 | Seb 60 | Set:104 | Sotr B0 |  Set: BO Set 104
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QHRFD): 0, 0, O R O e’

oNREDY L L0 |
On: 0 Set: 104

On: 0 Sei: 104 I

On: 0

WRFDI‘I}I}H |

Secter info

PD5HOSO Change Lo Secter : | PDSHOS0 » Select
Hame Nom OanSe  SetSc PTSc Voltage  Electrede  VSet ¥Mon  IMon NspR
EDrift 200 1,000 1040 1000 128,80 UDvit  3347.96 334716 0.000 o
UThgeml 1250 1,000 1040 0976 127304 UTlTap 311016 311501 0,002 o
ETransl 1000 1.000 1040 1000 312,00 UTIBat 184612 184619 0.000 o
UThgem2 1200 1000 1040 097% 122212 UTZRp 153412 153390 0,003 o
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UMosh  £00 1000 1040 0070 61106 UMesh 61106 61050 1.3% o

Cagelvift: 3343V, 0.020uA 0 CageTop : 3119 V. 0.003 uA. 0 SpR FieldWres: V. 0.000 uh 0 SpR
Status: OnState : 0, ScawSet: 104%, QualtyFactors:: Recent: 0, Formes: 2, Dally: ©
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~ 20 discharges/day during running
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Cherenkov signals are clearly seen

72

PtScale

INFN
C

1% p,T variation - ~ 40 % gain
variation without HV compensation, -
10% stability with HV compensation

Istituto Nazionale
di Fisica Muclearea
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1.4 m? of hybrid PDs operated

Stable data taking conditions

Effective suppression of
signals from charged particles

lon Back-Flow < 3%

More Cherenkov photons seen
with respect to MWPCs + Csl
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CONCLUSIONS ?

‘ # tiluto Na
F isica | Jucluare

THE DEVELOPMENT OF MPGDS IS SUCCESSFUL AND EXPANDING
Consolidated technologies are spreading over small and large projects
Advanced R&D is making continuous progress on new solutions

THGEMS ARE PROPOSED FOR VERY LARGE AREA DETECTORS OF y, X, n
After long R&D phase it is now an almost consolidated technology

1.4 m? of detectors of single UV photons in operation at COMPASS
RICH-1

BRIGHT FUTURE FOR:
Inventions: new ideas, new techniques
Technology consolidation, new applications
Large scale projects
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)
neutron detectors INFN
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di Fisica Nucleare
B(Gd)-GEM & uTPC concept

NMX Spectrometer @ ESS v {mﬂe

1MQ

550 kQ

1MO$

I WI 500@;%—————————
GE .' _—_—_—_—2mm

1MQ§ 2 mm

450 kQ

1MQ

Padded Anode ;ze
Triple GEM + 3D borated cathode .......ccccevieieiiiicienrerenncnnnanes Triple o
Thermal neutrons ::::::::::::::::::::::::::]GEM }/d
LOKI-SANS Instrument @ ESS Fa,
BANDGEM Modules
As rear detector panels | 3D
E—— i iLamella wB,C i "B,
- ' ESystem
:—iHCathode B “"?B‘C
:.:'I] Al, 0,4 i

Lamellas coated on both sides with 1°B,C

entrance windg " ¥ Using low © values (few degs) the path of the neutron inside the
B,C is increased = Higher efficiency when detector is inclined
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