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LARGE
o VOLUMES AT MODERATE COSTS LIMITED
MATERIAL BUDGET; THEY OPERATE IN

et RPC: o, =1 ns
/ trigger in ALICE, ATLAS, CMS

Detecting Swips.

NOBEL prize in 1992
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trip Gas Chamber |

63(1988) 351 |

“‘ %MH L b ul‘

*High E-values at the edge between
insulator and strips > damages
-Charge accumulation at the
insulator - gain evolution vs time

Later (~ 1999-2000): |
Passivation of the
cathode edges

— = MSGD A
operational ! .. . ... =

slide by W. Riegler, CERN Academic Traning, April 2008

First Large Scale Use of GEMs and MICROMEGASs

Tracking in the COMPASS
Experiment

MICROMEGAS (MM) :
Y. Giomataris et al,
NIMA A376 (1996) 29

GEM:
F.Sauli, NIMA A386 (1997) 531

MPGD developments
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Passivation of the
cathode edges
— = MSGD

operational !, __. . ...}

Later (~ 19W

MICROMEGA
Y. Giomataris et al,
NIMA A376 (1996) 29

-

F.Sauli, NTRT=

MPGD developments

Silvia DALLA TORRE



( by new ideas & technological progress)
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MICROMEGAS, THE PRINCIPLE

mesh lonization and drift
(cathode) (gap ~ 3-5 mm)
\& \. .
:l_ Parallel Plate ‘
ap ~ 100 um
(anode) a
E=E/Ey>~20 > T MICROMEGAS
— w] " ’ e'atra{jnsparency — | s | €XNIbIt Optimal
& /  ion+ feedback S Ve _ performance in
5 = suppression o 1 laoov— the peak region:
3 " f '% 1'0_5 350 V|
£ ©g | |00V ] Gap, gas and V
S . 2 are correlated
s i o
E — Ea/Ed 001 0.01
Y. Giomataris et al, NIMA A376 (1996) 29 [ log 30275 0(_"3(')1;)_ 1]

Y. Giomataris, NIMA A419 (1998) 239
p=
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construction challenge: preserve the thin gap homogeneity by insulating spacers

1) Nichel mesh by elettroformation + quartz fibers, diameter: 75 um

Raw Material

2) Form a metalized polyimide |
micromesh by chemical etching;
small pillars supporting the mesh
are formed by the same process

Image Transfer +
Copper Etching

Frame Gluing

3) Bulk micromegas: pre-stretched steel mesh
laminated together with a photoresistiv layer and

Polyimide Etching +
Cleaning

the PCB; photoresistive then rimoved apart

: Copper
where pillars are formed BassMaterial (LTI, e
2mm FR4

(aminationotvecr! [TITFTTTIIIIHITIIITI
_ Mesh

Encapsulation of
Mesh

VS
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MICROMEGAS, construction

4) Grow pillars at the anode surface, keep the mesh
in place by mechanical tension (ATLAS-MAMMA)

Rohacell

: 1 X 1 m? mlcromegas

J.Wotschack, RD51 coll. meeting, 1/10/2012

=N
IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE INFN 9

Iatituto Nazionalo
.................



DISCHARGE RATE in MM

efficiency & discharge probability . g—
1 [ A A &
L i y .0 ] tg
2 p _5
g 09 -
3 | g
1107
07 | 3 10
06 3 10°
R R R R I I T T T T e ISP
350 400 450 500 550
High Voltage [V]|
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MICROMEGAS figures

: Space resolution
o COMPASS small area trackers, ~90um (p. Abbon et al., NIMA 577 (2007) 455.)
. Time resolution
= COMPASS small area trackers, ~ 9 ns (p. Abbon et al., NIMA 577 (2007) 455.)
: Gain
o At COMPASS: G ~ 6400 (D Thers et al., NIMA 469 (2001) 133)
o T2K TPC: G ~ 1500 (N. Abgrall et al., NIMA 637 (2011) 25)
: Material budget
o COMPASS small area trackers: 0.3 % X0 (p. Abbon et al., NIMA 577 (2007) 455.)
Micromegas Current measured versus Luminosity
~ '0.5F T - 1 v =
- Rate capability LT | E
3 skt WA= D0.006 + 0.551"L, (L-tuminosityx<i0 ™) -
8 pab =
% 02s)- E
George lakovidis - MPGD 2013 ooi_ Hit Rate 100kHz/cm? for _
005k L=7x10%* cmv?s™? =
IV SNRI, Catania 10-14/11/2014 MPGD T w0 B,




MICROMEGAS AGEING

= MM, MAMMA studies
L . Charge Deposit
Irradiation with g ‘2’
(mC/ecm®)
1] =~ 3 % - ™ | tl ‘: ]
Neutron 05 ' 3 agioxw wE T
0y 4, @ 1
Gamma 1484 : P
0g | J
Alpha 24 dorf ﬂ' :
2 )
ool T ~
nsf . 1
04" Y i At |
IR . - - - L A
0 SO0 10000 15000 20000 25000 30000 35000 40000
ubvodune ga
VCI2013 Conference Proceedings arXiv:1304.2053v1, J.Galan et al.

12

IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE



MICROMEGAS: recent developments

living with / overcoming the high discharge rate

Embedded resistor
50 MQ 5mm long

Developed within the ATLAS-MAMMA project

Resistive Strip
0.5-100 MQ/cm

GND

Copper readout strip

« standard anode L

26.0

o1 % g
27.0 £ .07

Current (uA)

beam: &, u
120 GeV/c.

Earin
~600 V/icm
GEM Foils
Ecem
~4 kV/mm
Ew
~150 V/imm
Micromesh

.........
Readout

Eams [
~2kVimm | glectrodes

VGEM = 240V

W

For experlments COMPASS and CLAS12

Implnglng particle

Drift electrode

Drift
space

Transfer
gap
2mm

GEM
MM

beam: h
~3 GeV/c.

Resistive anode

R12 (Ar:C

00:00 12:00 [())Oa:(;‘OE/Tim1e2:OO 00:00 12:00 n ]
J. Wotschack s g
CERN Det. seminar, Z 0o
18/11/2011

. no beam

IV SNRI, Catania 10-14/11

Rl MBes £,0o : o
400 ==K e r ez o 0
21:00:00 21:30:00 22:00:00 22:30:00 23:00:00 23:30:00 00:00:00

Time (hh:mm:ss)

Current (LA)

VGEM = 260V

10°

10"

-
T
o
w

‘U Discharge probability

. 10°
Gain

1 il
% ‘H» MM

M. Vandenbroucke,
MPGD 2011

B MM/GEM 1 mm
. MM/GEM 2 mm
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= New: by sputtering

| substrate (polyimide) |

e
Carbon

e

Substrate (polyimide)

Developing the resists
| Substrate (polyimide) \

= Screen printing

N
IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE aFN 14
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for a more powerful tracking

MM operated in microTPC mode

. Development in the context of ATLAS MAMMA

Ss00-
g -+ Centrold
: §soor = uTPC
i r —— Combination
: 400}
+
Single Segment 3001
Reconstruction in a t
Micromegas 2001
5 Spatial Resolution
1001 =
TR A | plesy gy el
10 15 20 25 30 35 40
Angle (degrees|
George lakovidis - MPGD 2013
IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE aFN 15
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MICROMEGAS & experiments

Non exhaustive example list

COMPASS

I\ J
an . N | e Jdi A
|| G 2 E J v
4

AW

o SR
A \—7 7-»:#. VRN
=« .2 ATLAS - MAMMA project
. Goal: 1x2.5m?

For the New Small Wheel,
ATLAS muon system,
1200 m?, tracking & trigger

>

| T2K : TPC

IV SNRI, Catania 10-14/11/2014

ILC TPC ‘1
JBR = Curved MM

r— A -‘_ ﬂ v’ » “\“
Py A . T : -
y " ¥ o )
é‘% ¥ \ e ‘\ \ B
55 s WY \ )
a T
] ¢ A
. y
X "

read-out

FUTURE

P

CLAS12:

o

MPGD Silvia DALLA TORRE INFN 16



THE MAIN MPGD ARCHITECTURES:

MICROMEGAS, THGEM

AND THEIR CONSOLIDATION
( by new ideas & technological progress)

IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE
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I Metalized polyimide foil, !

Holes by chemical etching l

Vacuum deposited

Raw Material
copper on polyimide

= ApplyingResist .___ Image Transfer
: Patterning Resist UV Exposure
& Development
::: Copper Etching
gl m—

Resist Stripping

8 _50
= ”m D E Polyimide Etching and Cleaning
S. Bachmann et al., NIMA A479(2002)294

10° g
/ | Ar-CO, 70-30 2
; . . o]
Driftcathode | : | R Gain 5 : E =2 kVicm %
[\ DRIFT i:imm 1 s i el | 02 8
3! > 1 )
GEM| mumlsmEsESEEEEEEEN ~20 & TGEM i- 3
w |
1 ¢ N TRANSFER 1 I3mm E GAIN o P" %
-~ H | =
GEM2 mm AT TR Y ~20 10* / { : 10° 3
{ f/i TRANSFER 2 - | d
\ / [& ~20 " |l'— _—
GEM3 m EEEEEEEEEN /,'V i i
7 NI 10° | : : 4 10
AN COLLECTION 3mm 5 / -7" g i aasallh
Readout PCB | ~8000 i <7/ /
300um. 500um
10° 10°
— 300 350 400 450 500 550
Amplifier Ve, (V)
MPGD Silvia DALLA TORRE INFN 18
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| G.EM 'detectors w/ spacers Emphasis on GEM foils stretching

KLOEZ: Triple cylindrical GEM
assembly completed 14/3/2013

ansy | COMPASS

150 &

100 [ w
o 0.7 . S
50 A
£ C 0.6 p
E o 0.5 f
= , /
sof B 0.4
F 0.3
- ~
00 B
e 0.2
A0 0.4

450 100 -50 0 50 100 150

B. Ketzeret al, NIMA A535 (2004) 314

CMS upgrade:

mechanical

stretching

for mass
production

Nowadays also

large prototypes

=
IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE aFN 19




Raw Material Vacuum deposited L4 Sta n d a rd

copper on polyimide

ApplyingResist .___ Image Transfer

Patterning Resist 4EXPOSUF9 S i n g I e m aS k

& Development

Copper Etching

Resist Stripping

Polyimide Etching and Cleaning

Chemical Polyimide etching |

Copper electro etching

Stripping

(double mask)

M. Villa et al.,

The path:

*TOTEM upgrade
*KLOE2

*CMS

« (CBM)

NIMA 628 (2011) 182

IV SNRI, Catania 10-14/11/2014 MPGD

Silvia DALLA TORRE INFN

20



= By optical inspection
@ Helsinki

= TOTEM

= superFRS

F.Garcia et al.,
MPGD2013

IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE &FN 21
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GEMs figures

: Space resolution
o COMPASS small area trackers, ~70 um (P. Abbon et al., NIMA 577 (2007) 455.)

. Time resolution
= COMPASS small area trackers, ~12 ns (P. Abbon et al., NIMA 577 (2007) 455.)
= LHCDb, 4.5 ns - dedicated effort (M. Aifonsi NIMA 535 (2004) 319)

: Gain
= 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)

: Material budget
= COMPASS small area trackers: 0.4 % X0 (P. Abbon et al., NIMA 577 (2007) 455.)
o COMPASS pixelated GEMs: 0.2 % X0 (A. Austregesilo et al., NP B PS 197 (2009) 113

3
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= GEM studies for LHCb

= Relevance of the gas
flow at large rates

e

“d

=
"8

Normuallzed current
a2 S
W

0 03 64 66 04 I 1) 14 I I8 2

Integrated charge (C/em’)

= COMPASS Pixelised GEMs

= QObserved:

= Ageing

= Incomplete glue curing

= No real indication of intrinsic ageing

M. Alfonsi et al, NPB PS 150 (2006) 159

IV SNRI, Catania 10-14/11/2014 MPGD
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GEM and experiments

Non exhaustive example list

LHCDb
Time resolution:
4. 5 ns rms

Other cylinders coming: |, =
CMD-3 detector BES I ¥

KLOE2
cyllndrlcal trlple GEM

IN OPERATION |

OPERATION
TOTEM

JLab Hall A
40 x 50 cm?

IV SNRI, Catania 10-14/11/2014 MPGD




Non exhaustive example list

CMS forward muon spectrometer :
tracking & trigger, ~1000 m2 di GEM
First portion of the project approved

S |

eme=="""=Z
fBtype (99-x 45-22 cim2)as:

'.‘;\/

- e ot
Shielding 7 7 >
S -

Openings for VFAT electronigs’ ¢

R-O TPC ‘
PANDA - prototype used |

il
. /. =
il IIIIIIIlIIIIIIIIIII..\|||||I||I|!I|||| |
CENTRAL HV
ELECTRODE
INNER FIELD
CAGE

=
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THE MAIN MPGD ARCHITECTURES:

MICROMEGAS, GEM,

AND THEIR CONSOLIDATION
( by new ideas & technological progress)

IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE
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About PCEB geometrical dimensions:
2 robust .
) ) Hole diameter : 0.2
=  mechanically self supporting Pitch : 05
= industrial production of large size | Thickness : 0.2

boards
= large gains have been immediately
reported ( )

o Geometrical dimensions X ~10

= But e- motion/multiplic. properties do not

= Larger holes:
-~ dipole fields and external fields
are strongly coupled
- e- diffusion plays a minor role

introduced in // by different groups:

2001.

L. Periale et al., NIM A478 (2002) 377.
P. Jeanneret, PhD thesis, Neuchatel U.,

P.S. Barbeau et al, IEEE NS50 (2003) 1285

IV SNRI, Catania 10-14/11/2014 MPGD

Silvia DALLA TORRE

&i Fisica Nucleare



X-ray measurements

ABOUT THE RIM

NOTE: two different scales

THGEM | | " o
L 6000
.| [RIM:100um] wl  Rmtoum e
R 900 4 . /
P B N & Rl M .% 800 ./-/ RlM 100 um L 5000
S [ e
g 4000 - g’ 700 e /{/ L 4500
ﬁ P I _2 600 A/A L 4000
oo | h - 1 t; 500 ~ o A/A/A/ I 3500
/ IM: 10 um @
[ 4= 4004 e NO RIM | 3000
1] almm
\ 0- l‘ T T " T T T T T T T T NO RlM %007 /‘ TRl B T S 2500
\ o 2 4 6 8 10 12 14 16 18 20 200 4 4 B
~ ” Time (hours) T T T T T T T 2000
- 05 00 05 10 15 20 25 30 35
N
“a Eprirr (kV/cm)
N\

uieb aAI0943

1600

1400

1200

1000

800

Effective Gain

600

400

200

—— Std_no_rim
—— Std_10_um
—— Std_100_um

Time (hours)

IV SNRI, Catania 10-14/11/2014

S. Dalla Torre et al.,
IEEE — NSS 2008 , Dresden 19-25/10/2008

554

50 4

RIM: 100 um

30+ _/

25 -

20 4

45
" \,
40 - ~ A-A N . a
a
/A
35 . S, A

0,0 0,5 1,0 1,5

Energy resolution (%)

Eprier (kV/cm)

2,0 25

MPGD

Silvia DALLA TORRE
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THGEM RIM & GAIN

[ ) [ ) [ ) [ ) [ )
employing large rim (100 um) minimum rim (<10 um)
Fused silica window
a single and double THGEM (t=0.4, d=0.5, a=1, h=0.1mm)
10° » ‘ L
T e e Single photons Hires
107 4 = 4 | ArCO, (305} \
I \r double P L CSLL N e
- 2 4 I \ , single i;_loubl:
105 3 - Ty
'§ 3 " _"Sln!;llE f Y. .‘c- jsingle 8 THGEM 1 S e | ¥ 1 S 1 1
g 103§ I. F/ z -i/ ‘l- e 2.0mm THGEMS
'§' _- f e ra Q THGEM 2 [ e e Dim: 0.4 mm
ﬁ 1'5 I: /“r % .‘_,I' E 2.0mm P|tCh 08 mm
10E )‘._-7/4,»- =) — e TITTIOITCDICICITILICE Thickn.: 0.4mm
LT = = S 2.0mm
107" 4 — Nl [ |
zl 7 Alm, pressure :{ Anode (with pads) /
10—3 b - - v v ! 4 l - z g
0 400 800 7200 1600 2000  240C Z F effective gain: 9.16 x 10°
AVyaen [Volt] T S10*E -
O  singeTHGEM(1=08,d=08,a=1,h=0.1mm) © g Single photons
107 4 © B
E G X-RaysLimt  Ne/CH,(23%) - I
- i g ~
o PO et ? - @ - M. Alexeev et al.,
3 ' el JINST 5 (2010) P0O8009
= }r X-Rays Limit . 108 _:..
§ ) { NelcH, (5%) & < = L
é 1073 i B AT+ EH (5%) - R
& f . L ‘
i o I 7 Atm. pressure o ‘;“"‘#u:.
10" F : x-rays and s
4 Csl+ UV Light > 3 |y
b g | =S ST SN NI I VI B O ST O B I R
4 - w 100 200 300 400 500 800 700
101 M charge {{C)
0 500 1000 1500 2000 2500 . - .
AVruges (Volt) Gain limited to ~10° in test beam
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THGEM CONSOLIDATION

Polyurethane Treatment

polishing (Pumice Powder)
ultrasonic bath (~1 h) @ 50-60 °C
in Sonica

@ineering aspects I'

gl,\7501um ‘A/\—E ? 700 um |

s “/\ ~| GAIN

- =)l Max/Min
—1=2.9

=2 P [730 um
. lewui

“| thickness =
. 0.4 mm:
few good pieces

Initial: 50-60%
Paschen curve

Final: > 90%
Paschen curve

Effiency map Gain map

Photon Yield Map (RunZ22)

Entries 26
7.096
3186

ean
RMS

m
GAIN

I Max/Min

©

Number of pieces

»

G.Hamar and D. Varga, NIMA 694(2012)16

Selecting uniform fiberglass plates

IV SNRI, Catania 10-14/11/2014 MPGD Silvia DALLA TORRE 30




P ALICE VHPID
° THGEM &
HYBRID

Quartz window
(4mm )

Cathode wires

emssswnssnmnnrsnnnwswnx Thick GEM

Sense wires Field wires

Ground plate

1 I
440

COMPASS, RICH-1
upgrade by

Triple THGEM
detectors

300 x 300 mm? active surface

IV SNRI, Catania 10-14/11/2014 MPGD
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THGEM, MORE APPLICATIONS

(operared in gas with
or w/o window; even in the liquid

itself!)

2D projective anode and LEM for 250L

- Manufacturer: CERN TS/DEM group
' . ® 40 x 76 cm? active area (biggest
ever constructed).
® 256 + 256 channels.

® 3 mm wide strips (£45° with
respect to the length).
® 55 cm long strips (longest).

* 40 x 76 cm?, ~0.5x10¢ holes.

*8 segments to decrease the
LEM capacitance.

* PCB: | mm thick.
* hole @ 0.5 mm, 0.8 mm pitch.
Manufacturer: ELTOS (ltaly)

ANt 1241 PR AL Joly 311 M

W W
!

G10 plate
or PCB

THGEM?2 T 1=

THGEM| T T 1T

Gaseous Ar

<
= §mm | LE
= '
= /
._J
Cathode ------ -
’

Chamber = ™™ %
bottom g

Radiation

, as
active elements in hadron
sampling calorimetry

Standard THGEM WELL THGEM
* Cu coated in both sides e Cu coated in one sides
* Operated with inductiongap * Noinduction gap - electrode

attached to the anode
MIP
Normal THGEM _/
(double-faced) /- MIP
7 single-faced o'

7 Induction gap|~2mm  THGEM *

/ 7N
I e 4k = S ———— i | S—————

/ Readout pads h:'Readout pads

S. Bressler etal,
CALICE collaboration meeting,
March 2013
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NOVEL

ARCHITECTURES
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NOVEL ARCHITECTURES BY IMAGES

a . GEM-derived Towards gas PMTs by

_+_—Extremely reduced (~10*) IBF to PC
* Non outgassing materials |

x-raykl Cathode Plang

é T EDriﬁ .

Cathode Strip .

Cathode Plane

Limit the discharge A different technology

« PCB industry
damages Robust

Self-supporting plates

THGEM

Re-GEM: electrodes
by resistive kapton

Resistive coating Metallic sirips
ﬂ. \\‘\ Csllayer
- = oo
—|—G-10plate
\ b
\ Holes Avalanche

IV SNRI, Catania 10-14/11/2014 MPGD
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i
1(2) MM-derived

Tlmeplx chlp + SiProt + Ingrid

\' 1~ ) 5 f-’», .:‘h“.:_,‘. ‘? @ a‘b .NUI
) & =225 :‘3.’ ‘ﬁ—v_-,); @P lﬁ% g’
&) a9 o W WP o & &€
S & 8 & @ @ @ €

Large size!

Large size!

R e NS ey

S Single electron
393 m 11 22 SE senSitivy

GRIDPIX

*
= —

VAV A

Drift plane

Conversion ——
volume d
Mesh
H I I I I S B B B .
Amplification gap t,

Ceramic layer L

Piggy Back: read-out separated
from the active volume

Microbulk:

Low mateiail
budget,
radioactive pure

IV SNRI, Catania 10-14/11/2014

100 =

100 pm? pixel size
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NOVEL ARCHITECTURES BY IMAGES

(3) | hybrlds

Towards gas
IBF control

PMTs:

Since the beginning
(Sauli et al.):

+ GEM + MWPC,

GEM + MSGD
(NIMA 396 (1997) 50)

GEM pre-amplification:
control the discharge

rate in tracking

Earin
~600 Viem

Ecem
~4 kV/mm

Ev
~150 V/mm

Eamp Rea
~2 kV/mm elec

MM w GEM pre-amplification

0.5 mm

Tungsten lamp

Vcathcde

Bi-alkali Photocathode leathode

5.0 mm

Pyrex glass CP

J000000000000 L

Micromesh(#330) 'CF' ]

nnnnnnnnnnn Vmest h2

04mm. Iviesh2
GAS PMT ' Anode plane s ¥
Sowvaietal, | 7 large gain / low IBF
(2012) 163 | I\"/\‘ :
THGEM 7+ §
500 Ipi grid
PIM | ™ L
MM~ oo ;
Y e

GEM + medipix

THGEM + MM
r single photodetection: IBF control

u)

-2 GEMpix

A. Bondaret al.,
NIMA 628
ate (2011) 364
Grig -%3mm _____
2mm E=0
THGEM?2 —IEr =TT THGEM +
< 2mm  E
§ THGEMI G'APD
8 ssmm | 1E | Detect
. scintillation
% 7 mm f lE Ilght
- Cathode ----- Ir', ------
Chamber -
bottom X-ra’y

IV SNRI, Catania 10-14/11/2014
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IHII'ITI'I'I;I'I' 1 0.128 mm

Wires parameters
~—| Diameter 0.1 mm

A &

l A5 mm Pitch 2 mm |
[ THGEM M2.4 parameters |
A 5 Hole 0.4 mm

l mm Pitch 0.8 mm

Thickness 0.6 mm

i *! Mesh J

‘ Anode

Pillars ’

wir Gw

Silvia DALLA TORRE




s NOVEL ARCHITECTURES BY IMAGES
(4) novel geometries

General purpose tracking: fundamental research & applications
Motivation:

« use PCB technology for mass production,

* no floating structure

Spark-tolerant structure

E-field will be
dropped by spark

current.

Cathode Resistive
film

A.Ochi and T.Tanimori,
NIMA 471 (2001) 264

Resistive uPIC
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NOT ONLY
TRACKING:

PHOTON
DETECTION
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WHY PHOTON DETECTION BY MPGDS?

MPGD PDs
. Reduced photon and lon BackFlow (IBF)
» Reduced ageing

= High gain - high photoelectron
detection efficiency

. Intrinsically fast gaseous detectors
= Short integration time
= High rate environments

. first ideas

UV-photons

An “old” idea

windaw
Csl——

e | Ef
GEM ——w— 4

MOgh——« = me = = el mim = m -
w’ll’e&-— 0810000000 s T

mes"’-.l-.-'- e

7%

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

Semi-transparent CsI PC

hv e :
&% hv Reflective CsI PC

b 5 4 >P}_Lf . CEM1

Y |
N ‘S
Jmimpiem g
N > ] v
0 + X ! f— A /—.\ =
S A ) PGP W GEM3
v AN Y anode
| strips

GEM4

anode mesh,

A. Breskin and R. Chechwik, NIM A 595 (2008) 116
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Transparent mesh 90%
00000000 O0

A
a1
‘ Y L CsI
a threshold Cherenkov counter = £L£y= =
(window-less) - b o =
=  Reversed bias cuts the MIP signal | "= |

n detection of >> 1 photon per pad: low gain (5000) °
. non negligible noise level (~20% single photon signal)
- detect photons with A down to ~110 nm: chromaticity !

ADC counts

W. Anderson et al., NIMA 646 (2011) 35
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THE DILEMMA

C. D. R. Azevedo et al., 2010 JINST 5 P01002 ' " Here illustrated for semitransparent PC
1 i pressine. / | The same for reflective PCs :
« E>05-1KkV/em 5 091 p——— / 7 small and reversed E; is needed
needed for effective R Rl ) S = >
photoelectron S 1§ s .:/;/ - %)
extraction in gas %7, ,3;‘.. TS STAP E e ey - G / Ic
atmosphere S gl gt | =om | o 7
xO8 s s [ | g ga |
*  CH, (and CH,-Ar S > L B F—/ liop1
mixtures rich in CH,) ¥ NS g0~ [] | e | o
the best gas 00 05 10 15 20 25 30 - o
E,,, (KV/em) b g -
E ~ 1 kV/cm needed for ZH Lo — | i
good photoelectron b =5 e
E,=0.5 kV/cm extraction o E e
_ , : T 7 B i
3GEM=PCB T N = : SR
R . s ] 2t 3GEM 4 b _'_L:L_.I_ﬂ_l.._l_ GEM3
—é\.\\;\%\\ | 2 3 B -Gr;;,m\\\'l
> F ' ] | av,sav,, =05 ] ’; i bodom)
2 f ° ] = Gain=5000 1 = | PNFR
é Q- I =0 [icm 1 'i(\v' = E \,
2 & :;Eooirkf&*(mm 5 ERS: - 3 |A
g | v A0 ] S AV, I AV, =10 :
= - O Xe/CH, (90/10) 1 i r L 1
[ E=01kViem A d g Gain = 3000 |
S | A Ao | Ey=0.1kV/em 2k 3 IBF: at a few % level
o Glzn w w M i in effective GEM-based

E, (kViem) \photon detectors:
Ok for Csl; not for

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

A. Breskin et al., NIMA 478 (2002) 225d . s . i
(2002) visible light PCs
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THGEM & THE DILEMMA

IBF control IBFR (%) The Hybrid approach

o Gz @]
E = é 2 THGEMs (staggered!) + 1 MM:
Tripple THGEM: s o GO [B] [@ =] [=]
lon Back Flow N =R Total AV <5 kV
reduction by = = Csl
staggering plates: | = [ 2] 2 coating
- Drift Wires
Total AV~8kV ‘ |‘5 .20‘ 22 .llI.l....l....I.I..lll..ll.lll....l. (XA N NN
= (& [m] (=@ [®] [#7] THGEM 10 mm
g R o e e - S - e - s
. = THGEM ﬂfl 3 mm
w s N Eh S S B S R S S e N
N E“_“d.uuium 128
Anode pm
» IBFR < 5% !
,§ (17 13 112] 1] 1o
Eqns (kV/cm) IBFR <5% !

M. Alexeev et al., JINST 8
(2013) P01021
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GASEOUS PMTs

= 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

Bilkaly: -20% QE at 0.4uC/mm? | T.Moriyaetal, NIMA732 (2013) 263

1 - 1 1 T
g 0.9 = —§— AN CH (10%) ]
B T E —@— Na(BINPCF (10%) Blalkall
L) 08 F — e PBONTHC (0% !
3 = —— Ne(100%) . Gas P 675
pt 0.7 E -t ——
& = Ty torr
853 06F i
L8 05 E e of L _,u-o--r"’#
28 - ral -
2w 04E /*/ P il
e = ) s T
E 03 E i H‘__* e
T 02 B
Zg 91 : —~— ‘—-‘T
W 7L G i B ST, R PRV PO P F. Tokanai et al., NIMA 610 (2010) in press

0 50 100 150 200 250 300 350 400
Electric Field E (V/em)
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By GEMs

Vi 4

B e e e L e e S I

\J

Vs

o I

=
/ E:

GCP

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

MCP coupled to Micromegas

Inclined to reduce more the IBF
(tested with CsI)
|

|
115 pm
[ ]

Window

L.e"‘- Micromegas

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

Multiple GEM sealed

IBF : <2.5%1073
Gain < 104

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

K-Cs-Sb - Continuous
mode, not a sealed PD

0.6 mm

05 mm

Bi-alkali Photocathode leathode

Micromesh(#330)
COCocooOooOoooOooQc

Micromesh(#330)
coocoooDooomooo

V,
IMesM

 Ivesh2

|- QE inVacuum

——Q E in Gas

2

hv

m—

A.V.Lyashenko et al.,
2009 JINST 4 P07005

—=— Q.E. in Vacuum after

* node plane Iavode ¥

bottom
cathode

Poor compatibility of
bialkali and GEM material ?

from poor QE of the bialkali PC

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

F. Tokanai et al.,

Quantum Efficiency [%]

01

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

12% (stable) after 1.5y

Tvaverengtn [nm

Mosh2
150 pmi
250 um piteh

{ Vcalhnﬂe

NIMA 610 (2009) 164

of : IBF : 6 x10~*

Gain : 104
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NOT ONLY
TRACKING:

TPC READ-OUT
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MPGDs & TPC read-out

PANDA TPC with GEM R-O
The pq‘l’h - - prototype used at FoPi

(gas TPC only) e

ILC TPC

GEM vs MM
T2K : TPC approach
MM read-out ‘ B

V] | ‘.'1';
Ji In operation 18 B

A @ ve

ry low rate

ALICE TPC
- Which MPGD architecture to
match the requirements ?

CENTRAL HV
ELECTRODE

3
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AGAIN IBF PRESCRIPTIONS

IBF modifies the electric field in front of the detector
- Distorted information (in particular at high rates)

=  Requirements for ALICE TPC:
= IBF < 1% at Gain = 2000 > ¢ (=IBF x 6) = 20

0 MPGDs considered:

* use 4 layers alternating standard(S) Hybrid:
and Large Pitch (LP) GEMs e 2GEM+1 MM
*  playing with all the parameters:
[IBF = 2.5 % with 3-GEM in Ne-CO,-N, | gas, transfer fields, AV, p—
Ne-CO,-N, (90-10-5) e e e e mae o
I s i i I IBaseline solution with S-LP-LP-S| g mm G BAB |
ToossE m - & eewen 20 20 BEBL o = e
°'°5;'u i & S IIA" :,:2::3:: ‘5 ;\; 18 118 8 2 mm I GEM Transfer < 4.0 kV/cm
0.055;— = = 16 S - I N SR ———————
o:::%:' @ : X AE :: ::; 4mm Induction < 0.2 kV/cm
ME_‘ . =—§ 1.0+ e ] 10 MMG (From RD-51)
0,035 E—. & v —E 0.8 =g P 125 mm, 450 LPI $ . __MMG amplification ~37.5 kV/cm_
Fe " : 2 v E 0.6} 16
R Dm; ¢ . . = E 0.4} la
R T e ol IBF <0.2 % using 3
Ey, (kViem) 0.0 0.5 1.0 1.5 2.0 25 i
., (Viem) component gas mixtures
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NOT ONLY
TRACKING:

Cryogenic detectors
and electroluminescence

~~~~~~



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
lwmow | ePm (ngm readout) IOR Pads (charge readout)

S5Fa

Caﬂmdel S || ——
E ~0| CSI

Electron avalanche Gas phase
- a*%éf %
N A . ==}
Il

[

AViyent = ' g EE_AVTHGEM GEMS 7 E H}a g 5 iig é,-r'
Boa | 1 [T ™~ o | .
e — - S
M = == : “ 1 AV ~ photocathode E W
E, 1 : IEm \ !.,I u | ] of 1

1
i
d
ll 5 . . - \/
— AVycromens : . i E .
K Liquid phase: t
Cathode . N He' Ne. Ar‘ Kr or Xe 'T'ﬁt"A"'H -----------------------------------------------------
a) b) s \ node S1 Photons S2 lonization

~ 3 Electrons
S.Duval et al., JINST 6 (2011) P04007 Cryosla{ Radiation L.Arazi et al., JINST 8 (2013) C12004

A. Bondar et al.,

NIMA 556 (2006) 273 =
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MPGDs are source (and detection) of electroluminescence
=  Fast, no ion distortion

NIR Y
| | (C
G-AP'D
e
2 mm
plate

Grd -%3mm___

THGEM2
< 2 mm LE
é THGEMI :n:m:m:'l:zj[j =
g 35mm | LE o
\'lnl (')
<
= 7mm {7 |E
5 ' Vel(-)
a ' cl-
I
Cathode ====== dm--- |
Smm [
Chamber L
bottom '
X-ray

A. Bondar et al.,
JINST 5 (2010) P0O8002

VUV

Electro Luminascence

. .\ GEM/THGEM

Efectro Luminescence
() GEM/THGEM

A. Akimov et al., NDIP2011

Two-Phase Photoelectric Gate

GEM2

Er ‘L Avalanche
2 GEM|1
%2 By T« ] T~ o
! photocathode
NVWV\A/WV\/
1
g Eii 1\ ,l ™ Proportional scintillations
= Electroluminescence
= plate: GEM or MHSP
<)
7 Ep l
A
Catho(le  m———

/
Radiation

A. Buzulutskov et al.,
JINST 1(2006) P08006

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

P

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

Resistive Line

>
High pressure Photoelectron Edriﬁ

Absorption o (10-20 bar) Cs! thin film
region o 0 2 Photoelectric Top
c".l Absorption strips(V,)
) - Anode strip (V.)
Top Strip ‘
Cathode
strips (V.)

>
2st charge multiplication E
stage ind

‘Phatosensor Csi+ THCGOBRA

N
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ENLARGING THE
APPLICATION

DOMAIN

(only a very limited number of examples)
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APPLICATION EXAMPLES

—t

=  MPGD-based X-ray detectors S—"
- Sealed triple GEM for X-ray detection MPGD2013
- GEM-TPC X-ray Polarimeter (GEMS, XACT)
- diagnostic of Magnetic fusion plasmas

=  MPGD-based neutron detectors
- GEMs coupled to n-converters for
- ITER

- n-beam diagnostic GEM-based Super FRS @
- FAIR (GEM) B

P.Convert et al., PYSica ' readout
B 276'278 (2000) 93 ndrift multiplicanonr /j,,stnps_

F.Murtas,
MPGD2013

electrode

photoelectron 4 o)
Gk

ncident !
X-ray trigger

T. Tamagawa et al.,

MPGD2013 Neutron GEM (@ ISIS)
GEMS-GEM TPC, NASA mission

=
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APPLICATION EXAMPLES

Nuclei studies
= Tracking of low energy nuclei by secondary
electron detection (Spiral2, GANIL)
- PID of exotic nuclei fragments (NIFFTE)

Muon radiography with MPGDs
- Homeland security (THGEM)
- Geological studies (MM TPC)

2 layer MM TPC for

)

NIFFTE TPC (MM

geological studies

P.Salim @ RD51
Col.. Meeting, Feb. 2013

NSC active

Target:
deuteron
inelastic
scattering off
exotic nuclei

(THGEM)

C.S.Lee,
@ MPGD2013
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RD51: A MPGD-DEDICATED COLLABORATION

2009-2013 - first term, 2014-2018 second term ongoing

“The proposed R&D collaboration, 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 proposal, 28/7/ 2008)

fundamental boost in MPGD filed progress since 2009

RD51 contributions to MPGD progress:

+ “RD51 serves as an access point to MPGD “know-how” for the world-wide community”

L. Ropelewski, M. Titov, 114" LHCC Meeting, CERN, 12-13 June 2013

Offering fundamental tools to the community

« SIMULATION tools, including - - =1 1)

maintenance and continuous upgrade

~ 1% - Scalable Redout System
Common Hardw. & softw. interfacing
different FE, cheap (~ 2 CHF/ch w/o FE)

Cormrmon TeST InTrastructures
RD51-GDD lab @ CERN

Common test beam @ CERN SPS
+ @ CERN a reference workshop =

New lab @ CERN (bld 107)

o~ 90 | es from tinents:

Europe, Nord and South America, Asia,
Africa

e ~ 500 physicists
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CONCLUSIONS
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CONCLUSIONS

=  Extremely wide on going activity
= R&D
= Application in experiment
= Technological transfer

= Relevant potentialities demonstrated
= Performance — _
Simplified construction
= Large systems &

. . . Industrialization
- Appl'cahon beyond science (see R. de Olivera’s talk)

=N
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