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Grazie SILVIA & her local TEAM !
+ all committee members !

Grazie Silvia for devoted “service” as Chair of RD51 Collaboration Board!
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OLD GOOD WIRE CHAMBERS - GAIN RESOLUTION

CHARPAK 1968

P
S\

1924 - 2010

WIRE CHAMBERS
Gain ~ 104
Resolution ~ 100um
Timing ~ 10s-100s ns
Rate ~ 104 Hz/mm?
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ATLAS Thin-Gap Chambers (TGC):
Upgraded for sLHC “Small Wheel”.

Status: 50um resolution.



MPGD2015 covered these:

Sauli 1997 Giomataris 1998
MICRO-STRIP CHAMBER
MSGC GAS ELECTRON MULTIPLIER
DRIFT ELECTRODE (GEM) MICROMEGAS /

Resolution:
Few 10s pum

CATHODE STRIPS
Drift + thin multiplication-strips
on insulator

COMPETITORS!!!

Resolution:
Few 100s pum

A Breskin MPGD 2015 Trieste




Grazie CHEF RUI !
“cooking” for us a variety of “TASTY MPGD ToYs”




We tackled many detector “Problems”
Discharge limits (dynamic range) =2 resistive electrodes

lon backflow blocking (TPC, RICH) =» cascades, staggered
holes, graphene coatings

Photon feedback (noble gases) =2 cascades, staggered
holes

Resolutions: E, t, position (physical limits, readout)
Rate capability (space charge, charge evacuation)
Radiation hardness

Radio-purity (rare-event searches)

Purity (sealed detectors)

Large-area detectors (production; industrialization)
Readout electronics
Physics simulations

A Breskin MPGD 2015 Trieste



Applications
Tracking in HEP & Astro

TPC

Calorimetry (DHCAL)

Single-photon (UV, visible) imaging (RICH)
Neutron & x-ray imaging

Noble Liquids (UV detectors, electron detectors)

T

Nuclear Physics
Homeland security
Medical imaging
etc

Position resolutions needed:
10s’ microns - to - centimeters!
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lon Back-Flow (IBF)

BEWARE: block ions with no (or minimal)
electron losses.

Application dependent

TPC: IBF affects tracking; electron losses affect
E-resolution!

RICH: IBF affects photocathode lifetime;
secondary effects; photoelectron losses —
affect Ring imaging!



TESSARROTTO MPGD2015 COMPASS RICH

MWPCs

G=10+%

IBF =50%

Signal -> lons -> =100 ns
Long recovery time
photon feedback

hybrid: 2 THGEMS +
1 Bulk Micromegas

“""‘f“’ Staggered
i % THGEMSs

/---------------I
Anode

R E R X
....-.o.o
seccecee
o PePePeP-
R
'Y XY XX kX L&
R

Double THGEM:t=0.4 mm; p=0.8 mm; h=0.4 mm

A Breskin MPGD 2015 Trieste

radlator

gas: C4F1o

beam pipe

High photoelectron extraction
efficiency;

Signals - Electrons drift 2>
o ~ 10 ns;

Cascade > G ~ 10° - 106

IBF < 5%;
Stability: time & high rates

=9 wg



COMPASS RICH: ready to go!

Larger holes @ edge
Solve edge sparking

THGEM + MM: 2 x 300 x 600 mm?
i el 7 years - meticulous R&D

Final Micromegas by CERN
: - Control of HV f (T, p)
i B

Thickness selectibn

TVR

\ S R Sew o)
(23 5 TR !
V2, s oy %
5 ol %’ FET NN

A\ | SN i &

Surface pollshlng & Cleaning A Breskin MPGD 2015 Trieste 10




uppman ELBA2015  ALICE TPC UPGRADE: 100 x higher rates!

MATHIS MPGD2015 20,000 part./event

« Satisfactory performance could not be achieved
with 3 GEM stack
+ Best results in terms of IBF and energy
resolution:
— 4 GEM stack
—  S-LP-LP-S configuration
— S: standard GEM foils
— LP: large hole pitch foils
— Optimized V settings: Vg, Er (transfer fields)

Cover electrode % .’,
—— -~ = Trade-off: IBF vs E-resolution:
GEM2(LP - A 13
v ==l 1T 0.6@11-12% G/E 55Fe
GEM 4 (S) — e
padplanel'—l_, Ew 2mm l'ﬁo'.m‘j"::: -",‘ ’\20.y.||..|.!.'.'|----!----|---.
Strong backl | l i . § ............ U e/ Yoene=0-8 U e/ oen=0-95 ]
-‘"‘.‘,Ao, ,""_'J" -,..‘.__ ) L= +UGEM2=235V —D—UGEM2=235V
""" q | —e—U_ =255V —o—U_ =255V | ]
I OROC PROTOTYPE Fr +UZE:2=285V —a—uGEW:zssv ]
HLICE 15 I P2 S _ ] GEM2 ]
» Validate production methods with large size
detector
= Active GEM area = 0.6817 m?
ngM prOd“Ct'O”bl& framing  pischarge probability: ~6 1012~ [ o TR
electorassembly discharges/incoming charged hadron | | i
v" QA protocols e-losses i
v"Milestone for the project DEISTING %0 05 10 15 20 25 30

A Breskin MPGD 2015 Trieste 1


mailto:0.6@11-12%
mailto:0.6@11-12%
mailto:0.6@11-12%
mailto:0.6@11-12%
mailto:0.6@11-12%
mailto:0.6@11-12%

IBF blocking solutions
LYASHENKO 2007 JINST 2 P08004

10" grm——— ———rrrr—y
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rans trans i = I
MHSP - o & MHSP —+— F-R-MHSP/GEM/MHSP
= @@ - -@@D C —#— R-MHSPIGEM/MHSP
le = 1E 5 il
bottom F"L"“'ﬂ ind bottom y ind 10 5 4
cathode cathode 10 1 D ) 10
_ _ | Total gain
MHSP: Micro-Hole & Strip Plate @)
R-MHSP: Reveresed-bias MHSP 10 - e
F-R-MHSP: Flipped Reversed-bias MHSP pEng0 Skviom Tatm ArICH, (9551
S— NS
SR :

‘«‘HH
e
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TPCCONDITIONS . 31 14

—*—= F-R-MHSP/GEM/MHSP

Cascaded GEM: ~1-3 102 10* _RomsPieMmise L

& ; LL 3
{ —— “COBRA” @ 10

. . 10° 10* 10° 2x10°
ALICE Various-pitch cascaded GEM: 6 103 Total gain
COMPASS 2-THGEM staggered + MM 5 102 100% electron collection!!!!
F-R-M HSP/GEM/M HSP: IBF~1-3 10-4 A Breskin MPGD 2015 Trieste 12




RESNATI |ON BLOCKING w GRAPHENE ON GEM <=

Graphene on “GEM” ¥ T

. Mesh
L © Graphene: opaque to ions and * * * *
D . UNDER SOME CONDITIONS: lon*
transparent to electrons

® O 7 I
| S P o
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-
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3

100 - 100 - GEM 3
I 80- ~ 80 —HI
= < 1 iii
§ 80 4+ Graphene (position 1) & 607 L g
5 ) c
2 v Graphene (position 2) o i § ho graphene
% 40 3 401 :
—_ N ) ]
s ) E 20 ix . optical transparency
% 20 gal transparency = graphene g .
c |

ﬁ C’P’r‘q 5 ] ;% 3. . -y 3 =

0 T T T T T T T ——TTT

0 10 20 40T 0.1 1 10 100
Eoo/En E_J/E_.

Coating GEM w GRAPHENE: need to increase e- Energy > 10kV/cm. Did not succeed to

transmit e- via 3-layer Graphene. Literature: yet unclear (to our community) “directions”
= consult with surface chemists!

GRAPHENE: —
2-GASES MM detector TN CEEl o Graphene
GERALIS ;“Oeu”r;bﬁ::s = micromesh
( Pillars —_> ' | Culayer with holes (mesh)

13
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The “rush” for Resistive Electrodes

* Important in high hadronic backgrounds, DHCAL, Nucl.
Phys experiments, etc.

* Protects electronics/electrodes & avoids “dead-time”

* Trade-off between dynamic range (spark damping by
HIPs) and counting rate/efficiency (avalanche-charge
evacuation).

* Concepts: application dependent

Presently:

Resistive film coatings on GEM, THGEM, u-PIC, InGrid,
pads, strips....

Buried resistors
Resistive sheets (on RPC, RPWELL)

This activity requires further systematic exp./modeling studies!

A Breskin MPGD 2015 Trieste 14




Atlas resistive Micromegas

Floating mesh technique + resistive strips
BORTFELDT | \

Drift Electrode

&= Readout Strips
e Resistive Strips

Star Mirror Snake
E | Method of “vertical evacuation” proposed by Rui de Oliveira.
% Tune (reduce) resistivity & charge evacuation time but suppress discharges.
E Keep linearity!
9Tttt
Leff = 0.13 cm Left ~ 1.3 cm L~13em E -
R(100 k/sq) ~ 400 kOhm R(100 k/sq) ~ 4 Mohm R (100 k/sq) ~ 40 MOhm Variable buried = Baikilve icitiind
R(1 k/sq) ~ 4 kOhm R(1 k/sq) ~ 40 kOhm R (1 k/sq) ~ 400 kOhm resistors 1-20MQ g Gaia = .::;
pillars 2\ 7 g ]
mesh z o . =
R-pad : 1
Insulator P
Embedded-R READOUT BOARD - E
RC-constant controlled with embedded R-pattern B - =
..... oo o o X o o o 1 o o 2 1 4 4 3

GERALIS MPGD2015 & CHEFDEVILLE ELBA2015
A Breskin MPGD 2015 Trieste

Xray conyfrsion rate per unit arca (MHz/mm?)
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COMPASS hybrid pixilated high-rate MM Neyret
almost went for “buried Rs”....

Pixilated MM for very small angles Standard MM
Discharges

STUDIES: | et esssy

Resistive Micromegas DISCHARGES
Other resistive schemes not fully . : reSIEtvE s
adapted for pixels i

Buried resistors scheme proposed in — = res_'smrs )
2010 by R. de Oliveira et al. —— | € strips or pixels

20 40 Time (min)

Resistive detector

300):=,

Imesh (nA)

Hybrid Micromegas with 1 GEM foil
Preamplification with a GEM foil (gain 10-20)
Micromegas stage at lower gain — fewer discharge

CHOICE:

20 Time (min)

Hybrld detector
0 o g

drift electrode

&
=

Imesh (NA)

')
=]
Q

=]

Buried resistor MM boards promising but further studie:

- I I 1
required 0 2 w  Time (min)

Complicated structure, R&D necessary for serial production of such boards
Good efficiency and spatial resolution, but bad time resolution, origin not understood

SHOULD ONE RECONSIDER RESISTIVE COATING?

A Breskin MPGD 2015 Trieste 16



OCHI - KUBEC 014 YAMANE

Other MPGD development using

carbon sputtering

» Resistive u-PIC

~ New version using carbon sputtering
is being tested

» Resistive GEM

- The resistive electrodes are made by
very thin (50 - 300nm) material

+ It will improve the signal gain

We have just made it, and it is being
tested now.

+ (Scienergy + Raytech)

Substrate
- 100pum
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~

\
 Why so low? |

Thickness (Angstrom
1000 10000

|_\

Surface Resistivity (Q/sq.)
|_\
o

o
o ©
P

3

A. Ochi, KUBEC Workshop  2014/8/29

Spark rate reduction using
resistive u-PIC for fast neutron

= ® RGZT 0.5uh
o M RC27T 20uA
5 4 RCZB 0.5uA
8 v RC28 20uA
= ¢ normal u-PIC 0.5uA
Q normal u-PIC 2.0ul
m P s
—
o
P
210
w
-7
107 &
108
10-9 S L 1 B L e
0[
10 " g
10-11 i 0 i [

10° 10* 10°
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InGrid TPC for ILC-ILD Kaminski

8 GridPix modules

ToSview -

X
1 M T monfies MometestbesnyTOS 545 _guad_fventOnslay/RunOatalForarbars Showevery 1th % | frami

GridPix Advantages: Enp

TPC data w 160 GridPix chips
« Lower occupancy l ,

- better track finding

* Identification and removal
of &-rays and kink removal

« Improved dE/dx, because
of primary e” counting

* Pad plane and readout :
electronics fully integrated |

To readout the TPC |
with GridPixes: ’ - - - - - 7
~100-120 chips/module :
240 module/endcap (10 m?) L - f
- 50000-60000 GridPixes

dE/dx resolution compatible with ILD-ILC requests
Localization resolution: not yet confirmed OK for ILD-ILC
A Breskin MPGD 2015 Trieste 18



RPWELL for DHCAL (WIS/Coimbra/Aveiro) BRESSLER

Resistive Plate Well (RPWELL) Performance
driftelectrode /. High (>98%) detection efficiency at low (<1.2) pad
1 multiplicity
[;r':;;‘;w * Ne & Ar based gas mixtures

« Small (10x10 cm?) & medium (30x30 cm?) protos

single-faced
THGEM

resistive
Material

t-beam li-beam

readout pads E;T_lr:-dm““ g o H ’” ‘rl _%; 1 ’ [ | ’ ’ ] [ }I
n-beam o84 10<10 cm* 1, 10x10 cm?
Q. t 30=3 2. i 2
& * NBJ’(S%)CHél 092~ 0 0 cm 0.92 3030 cm
& . Ne/(5%)CH4 - Ar/(5%)CHa4
sk | | | E 08 1213 4 15 16 17 18 19 2 O 08 1111512 125 1.3 135 14 145 15
r ] multiplcity multipleity
a5t ] 1 Rate capabilities
. ] » ~30% gain drop from 10° to 10° Hz/cm?
3sf 1 « <5% efficiency loss that could be restored with higher gain
e e e e

o 0y
" Rate sz.fcrrF]

Discharge-free single-stage THGEM-based RPWELL detector

* Also with high rate (~5x10° H,/cm?) n-beam
A Breskin MPGD 2015 Trieste
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RPWELL a potential photon detector?

UV photons

Quartz window

R&D @ Weizmann

Mesh ..................................................
Csl photocathode e RT& noble-liquid T
— . RPWELL vs nTHGEMs+RPWELL
* @Gases
cew, (G (O . b
stabi Ity
2mm * Resistive Sheet
RPWELL 10000000
3x3cm? Ne/CH4
Position-Sensitive Readout SOON' Ar/quencher
106 . x )
—
c @ -
' o000 . o : o v 50/50
O - 3 ]
[ ¥ [
L X ooy
10000 ‘,, : ’:
Xoray & - S
: .
4 X-ray X-ray : Xray
B R E SS L E R 100 200 10‘00 : 12‘00 14‘0'0 16‘00 18‘00 20‘00 22‘00 2400 26‘00 25;00

A Breskin MPGD 2015 Trieste AVRPWELL 20



Yuguang Xie THGEM materials & production in China

FR-4 Ceramic B
1000500
%W
104__/V
i -
£ T
O e I
10° = W Ceramic | ceramic- 17.5%
C HFR4 FR4-57.8%
C H HH Il Kapton  |kapton - 13.8%
- Gain stability meron oo
. ’ |
Wit .
PTFE (Teflon) Kapton(Pl) Time / hour

Unclear results of radio-purity

Mechanical drilling

500 X 500mmA~2

55Fe spectrum
Entries. 574

Laser etching 10 x
faster!!!

So far tested only small
sizes. Made large

T Many ongoing applications!
24%@gain=4X10"3 A Breskin MPGD 2015 Trieste
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Transparent (LCD) Single-grid-MSGC Grid-type MSGC on top

TAKAHASHI . [ B N b s

Insulator
MSGC with Grid-> no-discharge

Optical coupling or Induced Charge or Direct coupling
Separate Strong Electric fields

The THIRD ELECTRODE
To APPLY INDEPENDENT POTENTIAL
Surface Charge - GAIN CONTROL

OPTICAL READOUT OF AVALANCHE

X- rays Csl Glass Panel
Ar/C F, / Scintillator ,

MSGC visible lights

photodiode grease

V,

AFE(Analog Front End)

MSGC on transparent 1ZO layer

(80pm pitch) Active Pixel Sensor photodiode readout
The number of grid =2

MANY MORE IDEAS SHOWN!!!!

Counls

i\v A\

0 50 100 150 200 250 300
chanuel

- A Breskin MPGD 2015 Trieste 22




A“l ! I.

n-PIC based on MEMS GEM of fine CERAMIC - LTCC
Takemura " POSTER: KOMIYA

" I LTCC: low T co-fired ceramic
400pm Au paste (4 um)

200 pm.
100 um
—
LTcc

MEMS p-PIC structures and types (100 um)
<400 pm_ e L300
L —p

TCC green sheet

Au paste 2. Punching

ng for sinter 4. Completion
_ Process of LTCC-GEM

arameters of test GEMs

Au paste (4 um)

Type A - V0. 4 s
: ! Enlarged view Cross-section view Pitch 200 um 140 um
250 um [ cathode | ml III in Diameter 100 um 70 um
N = 100000 : ; Thickness 100 pum 100 um
e | s -t electrode | Au paste (4 um)|  Cu (8 um)
§ 1000 15x15mm? | 30x 30 mm?
100 Punching Laser etching

THICK-GROOVE for LENGO

Zzséﬁ%ﬁgEié;x?:;;iigﬂidgr?y The Structure is similar to that of 700 e
H B cosmic tomography
1 ﬁ
| MEMS p- PIC GAIN | A e source 'A Gain: The gain was computed from the measured currents.
F A 4 . Ar:C0, 70:30 st 1.E+05 LEOS |
E 1o\0" i Anode 500V 5mm L '
—+A -V. ] |
“t * m 1 E+04 | 1 E404 ‘
£ B
¥ 6 [ |
103 - 1E+03 g 1103 | ' |
E T =*-DEf1; 20um ‘ 001320 |
L 2. shaper —a—DET2, 40 urn umn |
I~ . Multi Channel 1E+O2 ! . ! LEYO2 )
L ¥ A Type A(Anode Hole; Pl 157.5 um) ‘ 125013001350 140014501500 1550 1250 1300 1350 1400 1450 1500
| K Type A(Anode Hole ; Pl 80 um) X ) v v
GAS Ar90% C;Hg10%, 1 atm A Type B(like PCB ; 5102 10 um)
L
1076 . ., OKTeestkercasiozm ize dependence on GEM performence
450 500 550 , .
The gain of MEMS u-PIC is smaller than PCB u-PIC Anode Voltage[V] - Fo gy < 7 MO " ¥ 503

This results is inconsistent with Garfield++ simulation _—

Simulated gain of MEMS p-PIC

expected > PCB one.

It is lower than expected.

Probably due to the Si (not dielectric)
A Breskin MPGD 2015 Trieste

i S U I e T JEE

N Figure 2: The gain map of a double GEM-detector (left) used to measure 2 3
A simulation of a single electron avalanche in a GEM-foil the gain of  third foil (right)



Woody TPC-RICH for sPHENIX & IEC

LR *ose\9, 0000000

HV ) TT Frimary Mesh

GEMs with Csl Readout Plane ™=
TPC with

Readout ads R H I - QG P

*  TPC provides momentum measurement and
particle id through dE/dx. Use ionization in gas
volume to measure track trajectory.

*  Use Cherenkov light produced in the same gas
volume to identify electrons

= HBD concept
Acts as a threshold counter

HBD: CF, or Ar/CF, — radiator & TPC gas

Papaevangelou Fast —timing MM
MM photomultiplier + Cerenkov-radiator

crystal crystal

photon photon N

photocathode

i 'U C { e electron
L BlSI@leE% e
Oy T preamplification
o ’9:&()_, electron e 1
. . ik
photocathode R
.
micromesn
avalanche avalanche .
anode anode
[

insulator insulator

Goals: Single electron time jitter ~100 ps
Many photoelectrons= ~ 10 ps.

x
X measurements
. . x
¢ simulations

physical jitter
——~physical jitter x 0.65

time resolution [ps]

1

10
1

T ‘ oo

180 ps for <N>=1.26 p.e. With bulk MM in semi-

transparent & sealed mode + preamplification

Replace C-radiator by Secondary e- emitter?
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y [mm]

ELEGANT “GUNs"! =» impressive achievements!

MM Vertex Tracker for CLAS12
VANDENBROUCKE

bl il

AP TT R PN T ;
0200 -150 100 50 0 50 100 150 200 250
X(mm]

qnéi-z": 9§J554

- PR N 1 P Y
200 300 400 500
X [mm]

7 Barrel Efficiency Map

— 250,

259 K W v eIy ey .
-250 -200 -150 -100 -50 0 50 100 150 200 2

50
x[mm]

C Barrel Efficiency Map

(with 6.5UA on res. strips)

A Breskin MPGD 2015 Trieste

Cylindrical GEM for BESII!I
Experiment
@ e+e- collider Beijing

Cibinetto

Test beam results of planar chambers
Commissioning expected 2018 25



CALIST-MM: X-ray polarimetry Ab-initio: Gaseous Compton Camera
Serrano POSTER: VELOSO

. Zn
Electric Vector

- - JD 0 il .

Piggyback Micromegas e
Mesh photon
( gray Sh LI
128 um Xy D ' £
20 ym
High pressure
300um T (1020 bar)

Absorption

CALIST

10 x 10 x 20,7 mm3 (Compact)
16x16 pixels : 8 ASICs of 32
channels

Pixel @ = 500 uym ; Pixel Pitch =
580 ym

= " Mesh
Csl+THCOBRA Quartz window

Vertical Pixels

] 5 10
Consumption = 850 yW/channel T AFED
(218 mW in total)
Low Noise (ENC =50 e" rms) He-C02

POSTER MITSUYA The Glass GEM
4.3 X-ray imaging with PEG3C G-GEM and analog readout system T — ]
5Fe 5.9 keV ' i 7 . E&G&ﬁg@m area 100x 100m) «( Sy it = [ g VY sonsiviy
s0cm OtV ; i ST
(for parallel beam) I Induction ~350V/mm ’ ..ﬂ: O i s 5 | - Low cost
“The bet c 10000 . i? e s =) | - Simple electronic readout
Aluminum blocks | / | % 10 e o RGeS
T
Y1000
. §| Aluminum
— { block
10
1300 1350 1400 AN 1500 1550
™ Kapton strip
200um width, 1mm pitch 0am WNVoaem V)
26
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Counts

EEEEEEEEEEREN

Scintillating GIass-GEM lmager

Fujiwara

Scintillation light

Enlarged
image

) | 5.9 keV Energy Spectrum (charge) I

5.9 keV main peak T
Charge signal ‘ :
Ar/CF, i-

Ar escape peak

00 200 300 400  S00 600 700 800 900 1.000

I 5.9 keV Energy Spectrum (light) I__

(6) T

59 keV main peak  Sea

Light signal

Ar escape peak

100 200 300 400 500 00 700 800 900 1000
'

Imaged n, gamma, ions...showed tomography....

10% [

Ne/CF4

Ar/CH4

—e— Ar/CF4 (90:10)
—=— Ar/CH4 (30:10) -
—4— Ne/CF4 (90:10)

Ar/CF4

Stllﬂ

900 1,000 1,100 1,200 1,300 1400 1,500 1,600 1,700 1,800 -

Voltage

MAIN INTEREST: SEALED DETECTORS

A Breskin MPGD 2015 Trieste
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Boron Array Neutron Detector

Efficiency

(" Scheme and Principle of operation
n

n'®
ALLO;
10 cm e h
Cathode -
EHEREEEENERRNEE e
PR (I | [ B | LI I | [ |
Poangii i [ B | [ I | LI T
HIEEEEE L B S
3D  FE A o S 6 cm
Lamellal {11111 i fhhiE
System} 1} 100 WO “BsC
LI I A A | L o I |
LI R A | [ S
HIEEREEEEE 1 R e
::i::‘.l::::flL.:l::
oL ST OSSO N "B,C
Tﬁﬂ'e'{ ...........................................
GEM L iicicsssssnsssnnsssssssnsssnnsnnnsnnnnns AlLO, o
Padded Anode
Alumina Lamellas coated on both sides with “B,C
° Using low 8 values (few degs) the path of the neutron inside the
. B.C is increased 2 Higherefficiency when defector is inclined J

1
----- Estimated Efficiency Angle = 10 deg
m Measured Efficiency Angle = 10 deg
— — Estimated Efficiency Angle = 7 deg
0,8 || --e--Measured Efficiency Angle = 7 deg i T
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“
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%
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Many applications foreseen

Aluminate mylar cathode

Lamellas system

Readout anode

Triple GEM

Competitors...

Neutron multi-foil Detector

Thermal-n > B/Gd
Fast-n - Polyethylene |
7

E..

n o H H H Neutron
H H H Converter
lll.lllllllll\

i | THGEM
nn EREEENER l/
EInd ’
Resistive
""""""""" Anode

Readout electrode

Cortesi et al. 2012 JINST 7 €02056




AT-TPC applications with RIBs

CORTESI
GOAL: THGEM as pre-amplification stage & High Gain @ low-P pure noble gas
1e AV . =180 Volt
NSCL/FRIB 18 10f M
] ] 760 torr 500 torr
¢ =i i * o 300 torr 200 torr
s 1g 10° Fos o o
e ] ,E. ] 5 .,. A‘A‘ ’—‘./
®He beam ] £Ecw ¢ ¢ « o
- __°;§ ‘© 1 j ./. ra o *
129w F 0 5
Jg 14 :.' ,"‘ Py
AT-TPC ] w00{ 7 ¢ o Pure He
PAT- - ¢ :
He/CO, (1 atm) Ebeam 1s 10 UV light
Leneal L JiF o :‘- 0.2 014 016 OjB le lj2 lj4 1j6 1j8 2.0
g 8 g 8 o Reduced AV_ .. (Volt/torr)
Time [80 ns/bin] .
Position-sensitive Y T " Double
, endcap detector: 10°{—=—Single 200 torr
A v Micromegas + THGEM X s00torr
e . . 10 100 torr 450 torr
£ 10%]
High-gain operation in low-pressure H;, D, & He with THGEM due fo: © |
-) Avalanche confinement in holes = reduced photo-secondary effects O 1
-) Impurities (mostly N,) act as quencher = High effective gain 1049 Pure H
-) Extended thickness of the avalanche volume 10° 2
UV-Light
Cortesi et al. 2015 JINST 10 P0O9020 10 0 400 800 1200 1600 2000
Cortesi et al. 2015 JINST 10 P02012
AV cen(VOIT)

- National Science Foundation MICHIGAN STATE
@m Michigan State University UNIVERSITY
NGCL, M Cortesi, 6/12/2015, Slide 29




WU Double-phase LAr

LEM TPC

Large-area coverage of dual-phase LAr readout with single-element LEM (THGEM) TPCs.
Goal: Neutrino oscillation experiments: WA105 (on ground) and future (underground) DUNE.

Hadronic Shower| _

2

: \ 3 : 0 3 s« [ %0
: ~ ¢ § B
™ &\ /// 0 § m:— 0
300 \ \ ; 5 : g m:— :
.\‘\-.l = 2 % g 2
100 PrOtO'tratkSZ iy mé— i ‘ X pitch 3 mm
. 10 E 10 | :
Y % 0 |Jsi £ m D % 00 % 0 - _I g— ”k
high ionization density in LAr=» need low gain *i—l e
‘ld ” O o O3 O O .
emonstrators
3x1x1 m3 DLAr-proto 6x6x6 m? DLAr in beam test
12 50x50 cm? LEMs 144 50x50 cm? LEMs
'
o® ':‘ pF
o8 Py e
w o

— O

DC: 5nA/LEM(50x50)

ptimised values

. »40 pm rim

"~ »1 mm FR4 thickness

- »500 um diameter hole
*.". »800 pm hole pitch and

hexagonal layout

~3500V; spark on edges
(use COMPASS RICH solution?)

12 & 144 50x50cm?2 LEMSs | Charging up of rims: gain stabilizes. OK
DUNE: ~3000 LEMs (50x50) Ongoing R&D on RESISTIVE WELL concepts

A Breskin MPGD 2015 Trieste
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Proportional Electroluminescence in two-phase Ar
SOKOLOV

141x141 mm? ___ o,
Small additives of N2=»
= Zﬁxcrylic plate .
— ] UV photo-yield ~ VUV one!
S THGEM2 | Smm .
—m=s = | P raasr-soson =» Simpler photo-detectors
: THGEM]1 1 4mm £l 2 :
1 | I | | | I" 1 1 f 5 1 ( ™ e F) : )
B ELin VUV | Az O.
Larea (] w0yl E2) €.8. SlFiVI
] _AT—]1] -
' THGEMO 4 mm :
' | 08
1 -
I ¢ I - | T T T T |
- L 48 mm g o — Squares: UV (N, SPS) at 87 K (this work)
-§ || %’ § 0.7 F  Circles: VUV+UV at 87 K (this work) 7
= Cathode I T T Vo(-) Y= )
! “= (0.6 | Rhombs: VUVat293K _
. — 3 (Monteiro et al., 2008) UV+VUV
= B B
! ek o D . B} .
X-rays from pulsed Mo tube and *!Am windows @ 50 mm % Dashed line: rheory for VUV
L (Olivera et al., 2011)
1.0 T T T T | ;:) 0.4 |- ]
N Acrylic plate (1.5mm) transnuttance =
o £ 03k ]
"= 08 Ar+N WLS hemuspherical transmittance ,:Q- UV (NZ)
) _'-—:_~ 0.7 Cl‘l‘l.i!i.‘ii_t}l'l 7 = 02| 'S _
23 o6} MPPC PDE =
£ %5 ) Ha -Z~H_] Solid lines: linear fits
58 0°r SEE of this work data 7
EE 04—
a “;“_ 03 L 0.0 1 1 I . 1 I. .
o & 3 4 5 6 7 8 9 10 11 12
o2 02r
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%00

Buzulutskov et al. arXiv:1509.00664v1
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ARAZI; ERDAL

Gaseous Photo-Multipliers (GPMs) for future dark matter searches

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

* Aim for 4t coverage — not practical with PMTs (cost,
bulkiness) or SiPMs (dark count rate)

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

S DML LA /LR S
e

- Stable gain ~ 10° -

- lLarge dynamic range: 1 —
0(103) photoelectrons

- 1 ns timing (~ 200 PEs)

- Expected PDE ~15% after -~
optimization 2

time [ps]

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

A Breskin MPGD 2015 Trieste

1GPMs

4” triple-— ‘= /,
THGEM GPM

Csl coated
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Bubble-assisted electroluminescence in Lxe:

ERDAL

Mesh o

top |

bottor]

O
wire plg

GXe

top PMT

A “local dual-phase” noble-liquid detector

TOWARDS LARGE-SCALE NOBLE-LIQ DETs

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

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

5.0mm

“5.0mm

| |0.4mm

4.5mm

52 f& f

bottom PMT

LXe

amplitude (mV)
& 5 & &

Typical S1 - S1 photoelectrons - S2 waveform

S1 Sip.e.

v

W'WWW”WMW
tilme (e se::}

UV-pe’s \

EL in bubble

Bubble

Light readou
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Negative-lon TPC using p-PIC for Directional DM search Lol et

veto
Volume | 3

Nl
Ol

* Principle invented by the DRIFT DM collab.

* Event-induced Neg ions drift towards ab end cap multiplier
* At the high-field neg-ions = electrons=»mltiplication

* Advantage: low diffusion

—L Problem: need special gas DRIFT: CS,

o) LSl * Low-pressure=>» expansion of the recoil track.
Fc‘i,.féq (%i"; (e keopner) cro Conpen

ficlucial
Volume

NEWAGE detector: R&D on other gases: SF6 spin-dependent DM) and mixtures
CS2: best; gain > 1000 at 38Torr (CS2: 300; very high V needed)

Micro-bulk MM x-ray detector for axions & WIMPs: CAST & IAXO

5mmes e Two bulk Micromegas have been I

———————— simmesoe)  characterized in Ar + 2% iC,H,, up to 10 bar. FINE TOPOLOGY! . GARZA
305 0) (p oxy)

""" 5 um X srips (copper)

_ _m i “' . 4 b e source L Electron ! ; ~. A
5um Y strips (copper) i : i é: i o, o -base:

- '.:Juf'\(ecoxv) 35 g: "\\‘:::"; : : : \ AeFITeEcth:nicsd

_ Detector support o - -

CAST: very good results
IAXO: underway

AFTER-based
electronics

520
Energy (keV)

* 20 x 20 cm? bulk MM detectors. 432x432 strips, 0.6 mm pitch, 128 pm gap.

| High sensitivity: LIGHT WIMPs
N/ - : A Breskin MPGD 2015 Trieste 34

S ullmlll Yo ..




EXOTICS....

GEM X-ray generator...
Tamagawa
CCNS GEM Ti target|
electrons o F Ko (8 Skey
ﬁ ‘Eswuj ( i Ko (4.5keV)
| | j::i “Ti K[ (4.9keV)
47_ Be : A
l X—I"ay window 206300 800 800 3050
~100V

1200 1400
ADC (ch)

| love it!
Continue inventing MPGD-based gadgets!
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Gas-avalanche Detectors:
A fascinating, ever-growing field
With many multidisciplinary applications -
far beyond Particle Physics!
Many Science & Technology topics
Attractive & Exciting field for the younger generation!

* Being surrounded by talented young fellows is beneficial!
* Some of us can go fishing ...
e Otherscan ...
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Some of the concepts discussed can be found below

Thank you & good continuation!
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