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OUTLINE of the TALK:
> _Introduction: Rise of MPGD: Technologies
» MPGD Technologies for Present and Future:

- Hadron / Nuclear Physics Experiments
- Heavy Ion Facilities

- High Energy Physics:
' Hadron / Lepton Colliders
- Photon / Neutron Detection
- Neutrino Physics / Dark Matters Detection
i - X-Ray Detection and y-Ray Polarimetry

». '‘Summary and outlook

4th International Conference on Micro-Pattern
Gaseous Detectors, October 12-15, 2015, Trieste, Italy



Micro-Pattern Gaseous Detector Technologies for Future Physics Projects
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The Rise of Micro-Pattern Gas Detector Technologies
Wire Chambers, TPC, RPC - MPGD (GEM, Micromegas) = InGrid (3D)
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RD51 and the rise of micro-pattern gas detectors

Since its foundation, the RD51 collaboration
has provided important stimulus for the
development of MPGDs.

Improvements in detector technology often come from capitaliz-
ing on industrial progress. Over the past two decades, advances in
photalithography, microelectronics and printed circuits have opened
the way for the production of micro-structared gas-amplification
devices, By 2008, interest in the development and use of the novel
micro-pattern gaseous detector (MPGD) technologies led to the
establishment at CERN of the RD31 collaboration. Originally cre-
ated for a five-year term. RDS1 was later prolonged for another five
years beyond 2013, While many of the MPGD technologies were
introduced before RD31 was founded (figure 1), with more tech-
niques becoming available or affordable, new detection concepis are
still being introd ially improved,

In the late 19805, the development of the micro-strip gas cham-
ber (MSGC) created great interest because of its intrinsic rate-
capability, which was orders of magmitude higher than in wire
chambers, and its position resolution of a few tens of micrometres
at particle fluxes exceeding about 1 MHz/mm’. Developed for pro-
jects at high-luminosity colliders, MSGCs promised to fill a gap
Dbetween the high-performance butexpensive solid-state detectors,
and cheap but rate-limirted traditional wire chambers. However,
detailed studies of their long-term behaviour at high rates and in
hadron beams revealed two possible weaknesses of the M
technology: the formation of deposits on the elg
ing gain and performance (“ageing effeg
damage toelectrodes in the pe
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Coupling the microelectronics industry and advanced PCB
technology has been important for the development of gas detec-
tors with increasingly smaller pitch size. An elegant example is the
use of a CMOS pixel ASIC, assembled directly below the GEM
or Micromegas amplification structure. Modern “wafer post-
processing technology™ allows for the integration of a Micromegas
erid directly on top of a Medipix or Timepix chip, thus forming

Kresolu-
d time resolution
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Fig.1.The seven working gronps of RDS1, with illustrations of
Justa few examples of the different kinds of work invelved. Top
left: the 20-vear pre-history of RD31. (Image credits: RD51
Collaboration.)

integrated read-out of a gaseous detector (InGrid). Using this
approach, MPGD-based detectors can reach the level of integra-
tion, compactness and resolving powsy typical of solid-state pixel
devices. For applications e ging detectors with large-
area coverage apd tion (2.g. ring-imaging
o-patterned structures
\i relatively low mass
sic robustness of the

technological devel-
FDs. While a number of activities

Gihe LHC upgrade, most importantly, RD31
ss point to MPGD “know-how" for the world-
ommunity - a platform for sharing information, results and
experience — and optimizes the cost of R&D through the sharing
of resources and the creation of common projects and infrastrae-
ture. All partners are already pursuing either basic- orapplication-
oriented R&D involving MPGD concepts. Figure 1 shows the
orgamization of seven Working Groups (WG) that cover all of the
relevant aspects of MPGD-related R&D.

WG Teclnological Aspects and Development of New Detector
Structures. The objectives of WG aretommprove the performance
of existing detector structures, optimize fabrication methods, and
develop new multiplier geometries and techniques. One of the
most prominent activities is the development of large-area GEM,
Micromegas and THGEM detectors. Only one decade ago, the
largest MPGDs were around 40 x40 cm”, limited by existing tools
and materials. A big step towards the industrial manufacturing of
MPGDs with a size around a square metre came with new fabrica-
tion methods — the single-mask GEM, “bulk” Micromegas, and
the novel Micromegas construction scheme witha “floating mesh”.
While in “bulk” Micromegas, the metallic mesh is integrated imo
the PCB read-out, in the “floating-mesh” scheme it is integrated in
the panel containing drift electrodes and placed on pillars when the
chamberis closed. The single-mask GEM technique overcomes the
cumbersome practice of alignment of two masks between top and
bottom films, which limits the achievable lateral size to 50 cm. This
technology. together with the novel “self-stretching technique” for
assembling GEMs without glue and spacers, simplifies the fabri-
cation process to such an extent that, especially for large-volume
production, the cost per unit area drops by orders of magnitude.
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A fundamental boost is offered by RD51:
from isolate MPGD developers to a world-
wide net
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The main objective is to advance MPGD technological development and
associated electronic-readout systems, for applications in basic and applied
research”: http://rd51-public.web.cern.ch/rd51-public
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Challenges for Future Detectors: Experimental Opportunities

>
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The Energy Frontier (LHC/LC/FCCQ):

» Rad hard, low mass vertex sensors
> 5 pm point tracking resolution Origin of Mass
> Triggering at L > 10%5/cm?/s
> Imaging calorimetry (jet energy
resolution ~ 3% or better)

Matter/Anti-matter

The Intensity Frontier: se The Cosmic Frontier:

> Sensitivity (mass, size) ) > Bkg. rates in dark matter detectors
. . New Physics .
> Low-cost efficient phadis : ‘eyond the Standard Modée/ down to ~ 1 nuclear recoil/ton/year

> Large volume AON > High purity, large sensitive areas
)
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MPGD Tracking Concepts for Hadron / Nuclear Physics

MPGD
Technology

Total detector
size / Single

Experiment/

Application
Domain

Operation
Characteristics/

Special

Timescale Requirements/

module size

Performance

Remarks

COMPASS @ CERN GEM Total area: 2.6 m*>  Max.rate:10"7 Hz Required beam
Hadron Physics Single unit czietect: (~100kHz/mm?) tracking (pixelized
Rutae A0 = ey (Tracking) 0.31x0.31 m: Spatial res.: ~70-100 um central / beam area)
Micromegas w/ Total area: ~ 2 m? (s.trip), ~120pm (pixel)
GEM preampl. Single unit detect: Time res.: ~ 8 ns
0.4x0.4 m2 Rad. Hard.: 2500 mC/cm?
KEDR @ BINP Particle Physics GEM Toral area: ~0.1 m?> Max. rate:1 MHz/mm?
Run: 2010-now (Tracking) Spatial res.: ~70um
SBS in Hall A @ JLAB Nuclear Physics GEM Total area: 14 m? Max. rate:400 kHz/cm?2
(Tracking) Spatial res.: ~70pum
Start: > 2017 nucleon form Single unit detect. 1w oo 150
5 .
factors / struct. 0.6x0.5m Rad. Hard.: 0.1-1 kGy/y.
pRad in Hall B@ JLAB  Nuclear Physics GEM Total area: 1.5m?  Max. rate:5 kHz/cm?
(Tracking) Spatial res.: ~70um
Start: 2017 precision meas. Single unit detect. . o oo 150
of proton radius 1.2x0.6 m2 Rad. Hard.: 10 kGy/y.
SoLID in Hall A@ JLAB Nuclear GEM Total area: 40m? Max. rate:600 kHz/cm?
Physics _ . Spatial res.: ~100pum
Start: ~ > 2020 (Tracking) Single unit detect. 0 ves .~ 15 s
1.2x0.6 m2 Rad. Hard.: 0.8-1 kGy/y.
E42 and E45 @]PARC Hadron Physics TPC w/ GEM, Total area: 0.26m?  Max. rate:10° kHz/cm? Gating grid
Start: ~2020 (Tracking) gating grid 0.52m(diameter) Spatial res.: 0.2-0.4 mm operation ~ 1kHz
x0.5m(drift length)
ACTAR TPC Nuclear physics TPC w/ 2 detectors: Counting rate <10"4 nuclei ~ Work with various
Nuclear structure Micromegas 25*25 cm?2 and but higher if some beam gas (He mixture,
Start: ~2020 for 10 y. Reaction processes (amp. gap -220 um) 12.5*50cm2 masks are used. iC4H10, D2...)



COMPASS Experiment - First Large Scale Use of GEMs and Micromegas

TRACKING in COMPASS (2002-2007) Since > 2008: Detectors active in beam area
- 22 Triple-GEM (31%31 cm?) with pixel read-out (used for beam tracking)
- 12 MICROMEGAS (40*40 cm?)

Pixelised GEM:

@ 3 conducting layers
5um Cu

@ 2 intermediate layers
50 um Polyimide

Centre: 32 x 32 mm?

@ 3232 quadratic pixels

Periphery: 100 x 100 mm?

@ 2 layers, 512 strips each

@ equal charge sharing

@ pitch: 400 pem

Pixelised MM with GEM preamplification:

1280 + 1280 channels

Aging of Pixel GEM Detectors: -

For some detectors from first batch

- efficiency loss

Total charge collected: 3
-2008/2009 (p beam): (500 +20) mC/¢m
-2010/2011 (m beam): (1000+20) mC/cm

Tracked down to Si deposits on GEM; culprit were gas
leaks that allowed Si from an outside sealant to
migrate into chamber —

“OLD Lesson”: Never, ever use materials containing Si



GEM Tracker of the SuperBigBite Spectrometer at Hall A @ JLAB

Neutron form factors, L12=09=016 and L12=-09=-019
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- Large Luminosity &
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Front Tracker
- 6 layers of active area 150x50cm?2

Elechronics Seraoe Frame

Back Tracker

- 2*5layers of active area 200x60 cm
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Several Examples of TPC Tracking in Nuclear Physics Projects

The ACTAR TPC Project: The MINOS TPC: coupling liquid H2 target
(gas is used as a secondary target for nuclear reactions): (10-20 cm) to a Vertex tracker (TPC)
Goal: Nuclear structure with rare-isotope beams GOAL: spectroscopy of the most exotic nuclei

12C breakup

")

Physics program at RIBF, RIKEN (Japan)

3= {
"'-f——-‘.‘ p H — approved (2014-2016)
& 3 == possible extension (>2016)
z

HypTPC for ]-PARC E42/ E45 Experiments: * HypTPC will complete in Jan 2016, and a
. b test will b f d in Feb 2016
E42 (H-dibaryon search) HypTPC e P(I:;'lla)TeIfC?é?;usl)n ) Gatinp srid
K C — KIAAX—-K*prrpmrX ' P

E45 (Baryon resonance measurements)
mp — mrrEn, mp — mn'p

® High beam rate operation at 10°Hz e

- lon backflow suppression with ' E = 180 V/en
triple-stack GEMs and the gating grid GEM, Gating grid

*Large acceptance Read-ou;uads

- with the target holder inside the drift volume



Cylindrical MPGDs as Inner Trackers for Particle /| Nuclear Physics

Experiment/ Application MPGD Total detector Operation Characteristics/ | Special
Timescale Domain Technology size / Single Performance Requirements/

module size Remarks

KLOE-2 @ DAFNE Particle Physics/ Cylindrical GEM  Total area: 3.5m? Spatial res:(r phi) =250um  _ Mat. budget 2% X0
K-flavor physics 4 cylindrical layers Spat. res.(z) = 350um - Operationin 0.5 T
Run: 2014-2017 (Tracking) L(length) = 700mm
R (radius) = 130,
155, 180, 205 mm

BESIII Upgrade @ Partcile Physics/ Cylindrical GEM 3 cylindrical layers Max. rate: 10 kHz/cm? - Material < 1.5% of
Beijing e+e- collider R~20cm Spatial res:(xy) = 130um X, for all layers
Start: ~ 2018-2022 (Tracking) Spat. res.(z) = 1 mm - Operation in 1T
CLAS12 @ JLAB Nuclear Physics/ Planar (forward) & Total area: Max. rate: ~ 30 MHz _ Low material
Nucleon structure Cylindrical Forward ~0.6m?  Spatial res.: < 200um budget : 0.4 % X0
Start: > 2016 (tracking) (barrel) Barrel ~ 3.7 m? Time res.: ~ 20 ns - Remote
Micromegas 2 cylindrical layers electronics
R~20cm
ASACUSA @ CERN Nuclear Physics Cylindrical 2 cylindrical layers Max. trigger rate: kHz - Large magnetic
(Tracking and vertexing  Micromegas2D L =60cm Spatial res.: ~200pum field that varies
Start: 2014 - now of pions resulting from R =85, 95 mm Time res.: ~ 10 ns frqm -3t0 4T in the
the p-antip annihilation Rad. Hard.: 1 C/cm? active area
MINOS Nuclear structure TPC w/ cylindrical 1 cylindrical layer  Spatial res.: <5 mm FWHM . [,ow material
Start: 2014-2016 Micromegas L=30 cm, R=10cm Trigger rate up to =1 KHz budget
CMD-3 Upgrade Particle physics Cylindrical Total arear: ~3m?  Spatial res.: ~100um
@ BINP (z-chamber, tracking) GEM 2 cylindrical layers

Start: >~2019 ?

N
| — -
— k. N




Cylindrical GEMs Inner Trackers for KLOE2 and BESIII Experiments

Cylindrical GEM Inner Tracker for the KLOE2:

8 years of R&D and construction:

%+ Intrinsic lightness and flexibility of the GEM
allowed to develop a vertex detector with a
total thickness of 2% of a radiation length

] =] ] i i :'
2 - —_ e EEECN| i
Lo | i .

The final assembly
of the KLOE-2
Inner Tracker. with
the insertion of all
the triple-CGEMs
one into the other
' took place in March -

201

Cylindrical GEM Inner Tracker for the BESIII:

Replace the existing inner drift chamber with three
layers of Cylindrical GEM.

3 layers CGEM

- R Active area /, -T.r:':ﬁr-z \\
Y- s ! i U — L1: length 532 mm > mm™s @ ,"’ Tanster 1 Sy ~ Anode
| g e — h mm s o N ~ GEM 3
] N — L2: length: 690 mm 2 mm , R \\ CEM 2
AN — L3: length: 847 mm . 2 m.m\ b Orige GEM 1
' . * Inner radius: 78 mm sion - 3 mm\/ ™ Cathode
G. Clbmetto * Outer radius: 178 mm

4th LNF Workshop on Cylindrical GEM Detectors: https://agenda.infn.it/conferenceDisplay.py?confld=9782
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Cylindrical MM Inner Trackers for CLAS12 and ASAGUSA Experiments

CLAS12 Central Tracker@ JLAB

GOAL: Study of the nucleon structure
with high 12 GeV electron
beam at high luminosity:

1st curved Micromegas
1st use in 5T field

1st use of remote elec
Resistive technology, H1gh rate (30 MHz)

High rate ~ 10 MHz
2 - 6 Cylindrical layers

g CLAS12 r "
0.9
= ]
2 09 *+ ;
o : Segmentafion and preparation Gluing of the side carbon ribs on Hectric leak test
:1} 0.85 + circular shape
] EREZ-2, AreS%IC H,, g
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07 = protectod FELY
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Gluing of the drift plane

GOAL : Vertex reconstruction inside the EM trap where
the anti-H is produced with ~1cm resolution

#’Na: e* source

e* accumulat QS’;% v
_.-/ i Sextupole magnet
Low energy &' beam transport line %‘:"z’&f,f' / i detoctor
( . e\a‘\\(ﬂ
\\L @e““

WY 4

“C” strip

MUSASHI trap
(ultra-low energy p beam source)

_’.—;c_(;“ ! : Cusp trap
: T
e V.
eI
3 o \
% \(C":/

Ultra-low energy p beam transport line

2 Cylindrical layers = 0 NN
4 MM Wlth 2D readout A | ASACUSAM\cror;legcs Tracker |




MPGD Tracking for Heavy lon / Nuclear Physics

Experiment /

Timescale

MPGD
Technology

Total detector
size / Single

Operation
Characteristics /

Special
Requirements/

STAR Forward GEM  Heavy lon Physics

Tracker @ RHIC
Run: 2012-present
Nuclotron BM@N
@ NICA/JINR
Start: > 2017
SuperFRS @ FAIR

Run: 2018-2022

PANDA @FAIR

Start > 2020
CBM @ FAIR:

Start: > 2020

(tracking)

Heavy Ions Physics
(tracking)

Heavy Ion Physics
(tracking/diagnostics
at the In-Fly Super
Fragment Separator)
Nuclear physics
p - anti-p (tracking)

Nuclear Physics
(Muon System)

GEM

GEM

TPC w/
GEMs

Micromegas/
GEMs

GEM

module size

Total area: ~ 3 m?
Single unit detect:
~0.4x04m?

Total area: ~ 12 m?
Single unit detect:
~0.9 m?

Total area:~ few m?
Single unit detect:
TypeI:50 x 9 cm?
Type II: 50 x 16 cm?

Total area: ~ 50 m?
Single unit detect:
~1.5m?

Total area: 9m?2

Single unit detect:
0.8x0.5m?2~0.4m?

Performance
Spatial res.: 60-100 um

Max. rate: ~ 300 MHz
Spatial res.: ~ 200pum

Max. rate:~ 10"7 Hz/spill
Spatial res.: < 1 mm

Max. rate: < 140kHz/cm?
Spatial res.: ~ 150pum

Spatial res.: <1 mm
Max. rate: 0.4 MHz/cm?
Time res.: ~ 15ns

Rad hard.: 1013
n.eq./cm?/year

Remarks

Low material
budget:: < 1% X0 per
tracking layer

Magnetic field 0.5T
orthogonal to electric
field

High dynamic range
Particle detection
from p to Uranium

Continuous-wave
operation:
10! interaction/s

Self-triggered
electronics
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STAR Forward GEM Tracker (FGT)

STAR Detector
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Nuclotron-based heavy lon Collider fAcility (NICA) @ Dubna

Study of hot and dense baryonic matter
and Nucleon spin structure

Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

GEM Detectors for Baryonic Matter at
Nuclotron (BM@N) Project:

Geometry of GEM detector 163 x 45 cm?

Fixed target experiments e — R/O board width: R/O connectors
area (b.205) 2-nd IP - open 35mm (max)
Extracted beams from e— \, for proposals Place for v | O EIDEIDEID:IDEIEEIDEIDI:I: g I:II':IEIIZIEIIZII:II:IDEII:II:II:II:II:II:I o
Nuclotron 1 _ divid{‘ ‘ 0
—= e-cooler HV / /" O
KRION-6T |/ / 0
and HiLac o/ / _|lo
(3,5 MeV/u) I]D 1/ g O
0|l / 0
D / I:l 5 Installation
....... |:||:| ; / [ | hotes (@~5mm)
||/ //||0
— Booster (3-660 MeV/u) Multi-Purpose ° = o
SR inside Synchrophasotron Detector (MPD) / |< 4201 e 400
LU-20 | yoke 1632
G 0545 Gev/
Crvogenics [ 33 . For tracking in technical run in beg 2016 plan to have
NICA Collider parameters: 5 5
Energy range: ¥ sy = 4-11 GeV 4+1 detectors 66 x 41 cm? and detector 163 x 45 cm
Beams: fromp fo Au )
Luminosity: L~10%7 (Au), 10%2 (p)
Detectors: MPD; SPD-> Waiting for Proposals

GEM detector 66x41 cm?

BMe@N is the first step in the realization of produced at CERN
the NICA heavy-ion programme workshop:
First GEM serial tests

GEM in Stations 1 -4



Facility for Antiptoton and lon Research (FAIR): Diagnostic System for Super-FRS

e - The NUSTAR Facility at FAIR
- o {The 2 Branches of the Super-FRS)
- Prajectile:
" Elements p - U - oy b py
o Energy up to 1.5 GeV/u b @“\ Rishas Cd,:d.r o o
- . Intensity up to 10%¢ /spill Super-FRS / o~ e
4 / w
/ High=Enargy Bﬂ:n-ch way ik
: Spot size on target: — mmff_ e v~ . . >
y o= 1.0 mm - | el —~ ey | e
= ; g, = 2.0 mm '{:._::ouuum et RingBranch ey RESR
e A g i
’ i J' ’ W
P e 36 GEM-TPC Detectors 1 *®
EAIRis a Fa[j]jty for ffmﬁpr{}tnn and Ton Research NUSTAR = Nuclear Structure, Astrophysics and Reactions

F. Garcia
(Finnish team)

| E l v
"J {iE

e
| i
|

GEM -TPC HB3, with . . b Ml cem.TPC HGB4, with
GEMEX readout m SRR S _' il GEMEX readout

|

|

1 = d T
T M
|
'y |
E =
l i T |
o L /
e —




Facility for Antiptoton and lon Research (FAIR): The PANDA GEM Tracker

g S A B PANDA GEM-Tracker: Highly efficient detection of
" s charged particles in forward direction (5-21°)

Panel

Installation Supplies conduit

surface

. . a

High Energy Storage Ring

Beam momentum 1.5 - 15 GeV/c Window|  GeMstx  Support Sompom S
. & &
Momentum resolution Ap/p < 4 * 105 Drft Meda  LV- Distibution Shisking Cover
slectrods Distribution i

Luminosity <2103 cmist deoi

Regd-put Plane
B. Voss

PANDA GEM-Tracker: Front-End Electronics PANDA GEM-Tracker: Mechanics
Exoskeleton (Riddle)
e Support and adjustment

of the 200kg detector system
with a precision of O(100um)

- ‘5’- e 2.3 kg carbon-fiber fabric in a
. single shell of @1450 x 1500 mm

-

Interaction rate upto2 - 107/s

Design

High-density front-end boards (FEB)

with local intelligence

e 80000 channels, 320 FEBs,
operated in groups

@ Development done at GSI

gg&grg’zgfgggr e Large synergies with other FAIR projects Ciroudor-stmped “Nagr,
prototype (SuperFRS, BioMat, ACC...) GEM Disc detector —_ — S
Fabricati ﬂ :
e Tested in 2013/2014, revision pending Wo:l'k per‘folll‘m;d liy 7 St_'::ents i el
& System performance to be tested in 2016 in close collaboration with severa i
local technical universities Realization

together with the GEM2D demonstrator
detector system

Panda
(%]
Panda
(=]




Facility for Antiptoton and lon Research (FAIR): GEM Detector for CBM MUCH

CBM Muon Chamber (MUCH) based on novel concept Aim: to detect dimuon signals from
of segmented absorbers and detector stations low mass vector mesons and J/y
Experiments Energyrange Reaction rates =2 B B =4
(Au/Pb beams) Hz MUCH-GEM .
STAR@RHIC | Vsyy=7 - 200 GeV 1-800 (first three stations) 3t
BNL (limitation by luminosity) :: ij
NA61@SPS E,,=20 - 160 A GeV 80 ff jﬁ
CERN JSNN= 6.4 _ 17-4 Gev (limitation by detector) - *:
MPD@NICA Vsy=4.0-11.0 GeV ~7000 : 3,;
Dubna e }
ions) SIS100 -- length6.4 | &
CBM@FAIR En=2.0-35AGeV | 105107 N
Dal‘mstadt -\ISNN= 2.7 - 8.3 GeV (limitation by detector) _"__

First Real size GEM Prototype for
CBM MUCH:

CERN made GEM foil having 24 HV
Segmentation. Stretched tising ns2 technique.




The Energy Frontier Lanscape: Present and Future (HL-LHC, LC, FCC)

Lepton Collider is the essential complement to the LHC (the next highest priority machine)

» HL-LHC: upgrade of the LHC
- Increase in luminosity by factor of 10

» ILC: International Linear Collider
- e+e- collider based on SRF
technology (Vs = 0.25 — 1 TeV)

> CLIC
- e+e- collider based on warm X-band
technology (Vs=0.5-3 TeV)

> Very recent proposals:
- CERN: FCC (pp, ep, ee) Lepton F; P 3
- China: CepC, SppC (Linear) _ § . . A Hadron
Colliders AN Colliders

AT




MPGD Technologies for Energy Frontier Hadron Colliders (LHC, FCC)

A
HIG

.
el o Summary & conclusion

215t-23rd Christian Lippmann, 2" ECFA High Luminosity LHC Experiments
Workshop, Aix-les-bains, France, October 21-23 (2014)

G. Charpak, 1968 R. Santonico, 1980

Geiger- Miiller (1908), 1928
Multi Wire Proportional Chamber Resistive Plate Chamber

Drift Tube (1968)

7N —

1) |'f . R J} 2) & L3 & L3 L] L ] 2h 3)
\ /l ¥
\\ V% et
... will at HL-LHC be joined by:
F. SaU“ (1 997) 1. Upgrade without changing detectors I' Giomataris et al. (1 996)
i i - . an : Largest part of the Muen systems -
Gas EleCtron M"ut'pllel - :III-:ES :onglsacoi:r;i?o;rzlc‘:fl:rr:'RD‘:ndMMuoniy:tom Mlcro meSh g?se.().l.ls ?t}amber
| W IR | BN W £ = CMS: New slectroniez with better trigger capabilitiez for DT chambers | nm! ] ] 4]
! 1 — R&D: Run RPCs at lower gas gain with new low noise electronics 4] [ 111 . L 1l

2. Upgrade by scaling standard geometries
— ATLAS: :MDT (small Muen Drift Tubes) for BME (in LS1) and BIS (in LS2) regions

v
=2 — ATLAS: :TGCz (small-strip Thin Gap Chamberz) for New Small Whesl 1 .:J Al
- or lower resistivity electrodes 341 P
3 I 14
. Upgrade by introducing novel gas detectors 'i[um'.‘::‘_;_-;
(Micro-Pattern Gas Detectors) L

- ATLAS: MicreMegasz for New Small Whesl
— ALICE (TPC), CMS (Ferward Muen syztem) and LHCbh (Muen system): GEM=

M bed T sereree
HHs iy

C. Lippmann



Experiment /

Timescale

Application
Domain

MPGD
Technology

Total detector
size / Single
module size

Operation
Characteristics /
Performance

Special
Requirements /
Remarks

ATLAS Muon
System Upgrade:
Start: 2019 (for 15 y.)

ATLAS Muon
Tagger Upgrade:
Start: > 2023
CMS Muon
System Upgrade:
Start: > 2020

CMS Calorimetry
(BE) Upgrade
Start > 2023

ALICE Time
Projection Chamber:
Start: > 2020

TOTEM:

Run: 2009-now

LHCb Muon
System
Run: 2010 - now

FCC Collider
Start: > 2035

High Energy Physics

(Tracking/Triggering)

High Energy Physics
(Tracking/triggering)

High Energy Physics

(Tracking/Triggering)

High energy Physics
(Calorimetry)

Heavy-Ion Physics
(Tracking + dE/dx)

High Energy/
Forward Physics
(5.3<letal <6.5)

High Energy /
B-flavor physics
(muon triggering)

High Energy Physics
(Tracking/Triggering/
Calorimetry/Muon)

Micromegas

u-PIC

GEM

Micromegas, GEM

GEM w/
TPC

GEM
(semicircular

shape)

GEM

GEM, THGEM

Micromegas,
p-PIC, InGrid

Total area: 1200 m?

Single unit detect:
(2.2x1.4m?) ~ 2-3 m?

Total area: ~ 2m?

Total area: ~ 143 m?

Single unit detect:
0.3-0.4m?

Total area: ~ 100 m?

Single unit detect:
0.5m?2
Total area: ~ 32 m?

Single unit detect:
up to 0.3m?

Total area: ~ 4 m?

Single unit detect:
up to 0.03m?

Total area: ~ 0.6 m?

Single unit detect:
20-24 cm?

Total area: 10.000 m?
(for MPGDs around
1.000 m?)

Max. rate:15 kHz/cm?
Spatial res.: <100pum
Time res.: ~ 10 ns

Rad. Hard.: ~ 0.5C/cm?
Max.rate:100kHz/cm?
Spatial res.: < 100pm

Max. rate:10 kHz/cm?2
Spatial res.: ~100pm
Time res.: ~ 5-7 ns

Rad. Hard.: ~ 0.5 C/cm?
Max. rate: 100 MHz/cm?
Spatial res.: ~ mm

Max.rate:100 kHz/cm?
Spatial res.: ~300um
Time res.: ~ 100 ns
dE/dx: 12 % (Feb55)
Rad. Hard.: 50 mC/cm?

Max.rate:20 kHz/cm?
Spatial res.: ~120um
Time res.: ~ 12 ns
Rad. Hard.: ~ mC/cm?

Max.rate:500 kHz/cm?
Spatial res.: ~ cm
Time res.: ~ 3 ns

Rad. Hard.: ~ C/cm?
Max.rate:100 kHz/cm?
Spatial res.: <100pm
Time res.: ~ 1 ns

- Redundant tracking
and triggering;
Challenging constr. in
mechanical precision:

- Redundant tracking
and triggering

Not main option;
could be used with
HGCAL (BE part)

- 50 kHz Pb-Pb rate;
- Continues TPC
readout

- Low IBF and good
energy resolution

Operation in pp, pA
and AA collisions.

- Redundant
triggering

Maintenance free for
decades



GEM | Micromegas : Technology Developments Highlights

Development and optimization of large-area MPGDs for tracking and triggering

MM for the ATLAS Muon System Upgrade: GEMSs for the CMS Muon System Upgrade:

Standard Bulk MM suffers from limited efficiency at Single-mask GEM technology (instead of double-mask)
high rates due to discharges induced dead time - Reduces cost /allows production of large-area GEM

Solution: Resistive Micromegas technology:

- R&D: 6 generations of triple-GEM detects

Resistive Strip

- Add a layer of resistive
strips above the readout strips

Copper readout strip
0.15 mm x 100 mm

% Spark neutralization/

suppression (sparks still occur, - / __________ 2014/2015
enerationIV GenerationV Generation VI

but become inoffensive) e =l
lPes N\ spacer  First detector with Nearly final CMS Latest detector
detector butwiththe complete mechanical  design: stretching design; to be
Insulater = 7/1 gaps outer frame still assembly; no more apparatus thatisnow installed in CMS.
il with spacers glued to the drift. gluing parts totally inside gas Optimized final
and all glued. together! volume. Ongoing dimensions for max.
also Ref:2011 [EEE. Also Ref.: 2012 IEEE N14- test beam campaign  acceptance and final

i

ote-2010-005) RD51-Note-2011-013. 137. MPGD 2013; for final eta segmentation.
and IEEE2013. performance Ongoing test beam
measurements. campaign for DAQ

d at CERN

D51 lab Assembly optimization: self-stretching technique:

assembly time reduction from 3 days = 2 hours

¥
- M4 :
J_.:Tf (Saclay) W
M3
- (Pavia)
=
(LMU). -~ '

Mechanical prototypes



ATLAS Muon System: Small Wheel Upgrade with Micromegas

= Replacement of the present innermost endcap muon stations equipped with MDT and CSC in LS2 shutdown
= New Small Wheels (NSW): 16 layers per side, 128 Micromegas and 192 sTGC

- reduction of fake muon trigger rate; improved rate capability for tracking

—> Combine precision and 2nd coordinate measurement & trigger functionality in a single device

4 different types MM
quadruplets 2-3 m?

1 - Drift panel

Rome 1 — drift panels, first module-0
panel produced

Large size Readout Boards
. produced for Modules-0 in industry

| e
Construction of Full size MM module 0

\J

Frascati — assembly of readout and drift
panels into quadruplets

* Module-0 construction started in Germany as well, production site visit on Oct 17-19th
* First panels to be produced at CERN in the next weeks
* Saclay clean room for mass production: construction started, temporary facility for

module-0 exists and currently being equipped
* Thessaloniki and Dubna will take over from CERN after module-0



Micro-Pixel Chamber (uPIC) For ATLAS Muon HL-LHC Upgrade

For ATLAS muon tagger (High eta muon detector)  ATLAS detector | Z:x_f.g';\ u@%
— Proposed for Phase Il upgrade 2023~ [ i 111 i
— Need high granularity ~0.1mm | -y
— BG rate > 100kHz/cm2 (HIP, gamma) 105 | - mm.;
N Wamioraian A n=40

Rate tolerant, Pixel type detector needed
u-PIC with resistive cathodes is proposed/studied

u-PIC with resistive cathode

g S R

Resistive cathode (-HV)

Spark rate reduction using
resistive u-PIC for fast neutron

Thin
substrate
(35 pum)

%‘1 0-2 ® RC27 0.5uA
Pl [ | RC27 2.0uA
5 10_3 A RC28 0.5uA
GCJ v RC28 2.0uA
—_—— 210 e
Pickup electrode Thick substrate Olp. E 10_5 Y
.o . o i
Resistive pu-PIC using sputtered carbon o N ‘e
10 4 g
— %) 10 spark . "
10-7 = nf]ﬁrpd ; ‘\\';
£ v
10°E : :
g E
107 - 3
10710
10-11E
10° 10°

gain



CMS Muon System: Muon Endcap GEM Upgrade (GE 1/1)

* Restore redundancy in muon system
for robust tracking and triggering

* Ensure ~ 100% trigger efficiency in
Chamber high PU environment in Run III

- Install trapezoidal 3-GEM detectors
in 1.5<In1<2.2 endcap region:

CHAMBERS
(PER SIDE}

« 2 GEM chambers form a “super

’ chamber (SC)”;

144 total chambers (36 super
chambers in one station per endcap)

r‘.‘i_j.-.;

_ Front-end

Short SC
eta=1,61-2.18

i Y Approved by CERN LHCC:
Long SC - VO : :
e Installing slice (= GEM demonstrator) in 2016-17 TDR and Project Implementation Plan

Phase 2 Scope and Schedule Muans

Ls3

[ o=
CMS GEM: 20::.;.‘ 2.(.1.16 :-. :%017 ..:._ 201 2019 2020 2021 2022 2023 2024 2025
Trapezoidal GEM Prototype (99 x 45-22 cm2) Ivn-?m« — " .

Commissioning

Installation &
Commissioning

Shielding

Openings for VFAT electg:_r‘\.igg

"
Readout \ <= -

L0 S0 VO TONHEL D

Drift plane

HV divider CMS TECHNICAL DERIGN REPOKT FOR THE

Spacers MUON ENDCAFP GEM UFGRADE

BB KB

Gas groove:!



ALICE Time Projection Chamber Endplate Upgrade with GEMs

ALICE TPC Upgrade - replace MWPC with 4-GEM

(to limit space charge effects)
» Continuous TPC readout for 50 kHz Pb-Pb readout

» Maintain physics requirements:
IBF < 1%, energy; 6(E)E <12% achieved

4 GEM Stack Colmguratton -
(to minimize IBF)

Gt pledtrode
P | B E ===
’_ i I. E_L:\._. E i_.:_\_r ‘?m
GEM2 | BEF=Eg E | = ."'tg,.,._.,.. Baseline solution (5-LP-LP-S)
GEM 3| s e (s
i | P E || =?,.m cmpluyntgnuardl\
| EF==u| E. L T tomm  @nd large-pitch (LP) GEMS
Papce N —
- |
- |
- a0H . ALICE
T I ]
| B
4 GEM Stack

engineering design

C. Garabatos 4

Preproduction:

Single-mask GEM
allows for
production

of ~1 m foils

Ion Back Flow in a GEM system reduced
from > 5 % (3 GEM) to < 1% (4 GEM)
-> discovered enhanced ion trapping

at high rates

20 ettt

= - -
“5’ U eV gen,=0-8 UgeUe,=0-95
18 bz U235V u_,,=235V -
16 _ 5 —=—U_, =255V ——U_ =255V |
' —=—Uu_, =285V ——U_ =285V
12 b g .
10 -

PR PP PRSI SRR TS SRS S SR
0.0 0.5 1.0 1.5 2.0 2.5 3.0
IBF (%)



TOTEM GEM Tracker @ LHC

> Stable operation at very high rates up to 12 MHz/cm?
» Achieved spatial (time) resolution: 135 pm (7 ns) at high intensity 2* 10% s1

+ Bp(PDG)

[mb)]
g

«  pp(PDG)
120 s Auger + Glauber
. ALICE

+  ATLAS
100 s CMS
a0 ¢  TOTEM (L in

A oo ]
»total, inelastic and elastic -- U ]
10kECross-section-measuremen .
10! — ”“1I||13 — .””lllll:' I - ! — ”mm"’
Vs [Gev]

g (green), oy (blue) and oy (red)




LHCb "“ SyS@m: GEM for M1R1 Central Region

GEM time
resolution;
2 OR-ed
detectors




LHCb GEM Muon System Performance and Radiation Hardness

Integrated
charges
in 2012:

Triple-GEM Efficiencies in 2012:

(average luminosity ~ 4 x 1032 /cm?/sV

0.990

0.985

0.980

0.975

0.970

0.965

0.960

0.955

0.950

LI
S
:Mayg

. *

A18A2L: 18 mC/cm?

A18A1L: 34 mC/cm?

C18A1L: 31 mC/cm?

C18A2L: 13 mC/cm?2

A18A2R: 12 mC/cm?

A18A1R: 23 mC/cm?

A17A2R: 59 mC/cm?

A16A2L: 35 mC/cm?

A16A2R: 35 mC/cm?

A15A2L: 30 mC/cm?

A15A1L: 33 mC/cm?

Beam Pipe

C18A1R: 17 mC/cm?

C15A1L: 33 mC/cm?

C18A2R: 21 mC/cm?

C17A2L: 42 mC/cm?2

C17A2R: 60 mC/cm?2

C16A2L: n/a

C16A2R: 35 mC/cm?

C15A2L: 34 mC/cm?2

A15A2R: 29 mC/cm?

A15A1R: 36 mC/cm?

C15A1R: 41 mC/cm?

C15A2R: 18 mC/cm?

~ Ar/CO,/CF, (45/15/40)

Pl *
July
.

A .u.gy_g_it___

Sept:emberé._

]

Prorrtrrrrtrrrrt Tt

8 10 12 14 16

Integrated Luminosity 2012 ~1.5 /fbt

» 120 mC/cm? total integrated charge (average)
(2010 + 2011 + 2012 data taking periods)

» 60 mC/cm? in 2012 (max) - until Oct. 2012

» No indications of “classical” aging

G. Bencivenni, A. Cardini




MPGD Radiation Hardness Studies - Long Term Stability

ATLAS MM Aging Studies:

i i cocneon e chambers exposed to different radiation “natures”
//"'" 1 L a_él_ﬁ_ﬁ—'_ﬁ"—\!‘_'_j !
0.9 }; D .
M ﬂ: Before/after Irradiation with Charge Degpnmt
4 Irradiation = (mC/em?®)
SRS : . -~
e ol No signs of Aging X-Ray 225
04 1’ _— Neutron \,\\:\,\'\C
0.3 . . . : L RITy “‘(\e
] SO0F (000 DS000 R0000 25000 MWW 35 .
absolute gain %e\(\%
F. Jeanneaz: 24
New Setup at CMS Aging Studies
CERN GIF++ at CERN GIF
(reach > 100 mC
137Cs source 566 GBq
Gamma emission 662 keV

T L e

E ' Polyurethane CellPack t 5 :I Polyurethane NUVOVERNE E
i 12 "E = L E
3" — Cormied Gain[ax] |3 i E HV E
i = E OFF Messred Gain [ai] |
i - Mossured Goin faul |3 g W E | —_—
8 pea | S S
a 42 F . I =

' ! E :— b . _E

oy period E E : =

T 3 = FSWPC RoomT € | 5 50°C =

Rejected material ™" Accepted material 1mero




MPGD Technologies for the International Linear Collider

Experiment / Application MPGD Total detector Operation Special
Timescale Domain Technology | size / Single Characteristics/ | Requirements/
module size Performance Remarks
ILC Time Projection High Energy Physics =~ Micromegas  Total area: ~ 20 m? Max. rate: <1 kHz Si + TPC Momentum
Chamber for ILD: (tracking) GEM (pads) Spatial res.: <150um  Tresolution:
' Single unit detect: Time res.: ~ 15 ns dp/p < 9*10-° 1/GeV
Start: > 2030 linGinte! - D e (jercls) dE/dx: 5 % (Fe55) .
(pixels) ~ 130 cm? (pixels) Power-pulsing
Rad. Hard.: no
ILC Hadronic (DHCAL) High Energy Physics GEM, Total area: ~4000 m®>  Max.rate:1 kHz/cm? Jet Energy
Calorimetry for ILD/SiD (calorimetry) THGEM Spatial res.: ~lcm resolution: 3-4 %
RPWELL, Single unit detect: Time res.: ~ 300 ns '
Start > 2030 Micromegas  0.5-1m? Rad. Hard: no Power-pulsing, self-

triggering readout

Particle Flow Calorimetry (ILD/SiD):

e
l* l@ :

Concept: '_"

- | Micro
|_MAPS ‘ Scintilator ‘ RPC | l GEM _‘f_ﬂﬁgﬂi




ILC Time Projection Chamber (TPC). MPGD-Based Readout

MPGDs are foreseen as TPC readout for ILC (endcap size~10 m?):

% Standard “pad readout” (1x 6 mm?): 8 rows of det. modules
(17x23 cm?2); 240 modules per endcap

» Wet-etched triple GEMs
» Laser-etched double-GEMs 100um thick (“Asian”)
> Resistive MM with dispersive anode

» “Pixel readout” (55x 55um?): ~100-120 chips per module —
25000-30000 per endcap

Primary ions create distortions in the

electric field 2 O(10um) track distortions » GEM + pixel readout
» InGrid (integrated Micromegas grid with pixel readout)

e Machine-induced bkg. and ions from gas
amplification = track distortions 60 pm
=> Gating is needed

e Wire gate is an option

y: GEM-gate

e ,

| | [ | i | | 1
' |B~side ! {

transparency: 8




ILC Time Projection Chamber (TPC): Pad-Based Readout

Efforts to improve the modules design for MM/GEM technologies. Several test beams campaigns:

» 7 Micromegas modules with 2-phase C02 cooling LPTEC 100 mm

With beam and laser dots:
.~ UV laser gererates MIP tracks
& illuminate calibration spots

ILD TPC
i o SO0 Frue
| L~ 4000 mm
SFLIR 5043707
; B,

Alignment and distortion corrections:
MM (B=0): Before correction MM (B=0): After correcti%}]

Transverse spatial resolution:

‘e " Beim 1 T E  [(ore diferdnt seald)
£ 0.15[ Preliminary . g 02p £ 0056 1 ' ﬂ H_ —2,= 154
s | L e [ A7,
b : ) W I.I..ﬁ - E‘ 01 - Ls_- L] ':[ 1 .; i i II I —z,=104
0.1 B 1 £ ) £ 90 _—'TLi[}r | e e IR
o S c o c g
i " —e— Asian GEM, 1.2x5.4 mm? ] g 0 B _g - i;TL “I. | z,=252
0.05 —e— DESYGEM,126x585mm? | O 01F 2-0.05F “If ! 2,= 351
i MicroMegas, 3x7 mm? 1 © 3 © :hi I -
o-"b— 0.2 0.1F :
0 200 400 = o e e e
1 1300 1400 1500 1600 1700

drift distance [mm)] ; .
row radius [mm] row radius [mm]



ILC Time Projection Chamber (TPC): Pixel-Based Readout

BREAKTHROUGH: feasibility shown in test-beam with 160 InGrids detectors

3 modules for LCTPC large prototype : 1 x 96 InGrid, 2 x 24 InGrids
320 cm? active area, 10,5 mio. channels, new readout system-
Readout 5 SRS FECs

By design:

« Single electron detection

o Time-of-arrival measurement

« High granularity; Uniform gas gain

¢ 50 cm track length with about 3000 hits
_ . > each representing an electron from
the primary ionisation.
- demanding for track reconstruction,
especially in case of curved tracks

« Physics properties of the TPC

— field distortions; reliability

— dE/dx resolution;delta identification
— single point resolution

— momentum measurement

- Track angular effect

a
[

plate with 3 modules




ILC DHCAL Particle Flow Calorimetry: GEM/ THGEM / RPWELL

GEM for DHCAL:

- Series of double GEM chambers built
- Large scale (1Im x 33cm) layers under

construction (subject to funding)

RPWELL for DHCAL: A Novel Architecture Small (10x10 cm?) & medium (30x30cm2) prototypes:

supported by the RD51 Common fund

driftelectrode ____ / S BIQSSIGI' f

single-faced
THGEM

resistive
Material

Conductive

glue

readout pads

Common features with GEM/MM:

O from GEM it takes the amplifying
scheme with the peculiarity of a “well
defined amplifying gap” - ensuring very
high gain uniformity.

d from Micromegas it takes the resistive
readout scheme - strong suppression of
the discharges.

I
| Nesac.

094~ .

10 X 10 szomocmiE

30 X 30 Cm2'f>):m><.'mcn12_E

cefficiency

[s]

[oe] ey

| L ‘ T
e =
o el
—
e

096

092

0.9

W S B RS PN NS RN NS R N SN N
112141618 2 22242628 3 32
multiplcity

THGEM-based RPWELL.:

= Robust again discharges

= Stiff support structure

= Potential to be extended
to very large areas



ILC DHCAL Particle Flow Calorimery: Resistive Micromegas

Optimisation: Star Mirror Snake July 2015: Testbeam at SPS: pn, it and e beams
= reduce resistivity | . [ - -
and evacuation time o T = | | 5 b
butstill suppress sparking g 2 ] 2 ~ -a:--j E
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— Ongoing program:

Vary the RC, measure Real R1values: o S

the linearity (rate & 400 -750 KOhms Real R1values: RealR1va (%\e de
dE/dx scans), with 100KQ/Sq 4 MOhms with 100KQ/Sq 40\ e %('a
check sparking \)9

e

S charges preserve linearity
cranularity for PF calorimetry,
mall pads ~1x1 cm?,

Large dynamic range (1 — 100s of MIPs)

meexh curmens {mAj ek carvent (aA)
Lowest RC: behaves like Non-resistive
gch current INon-resistive

Shower profile - 150 GeV pions - 370 V

*(cm)

PCB with
pads

& resistive

pattern
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Tests with X-rays, Cu 8 keV, at high rates:
(intermediate RC, Gain=4000):

> Excellent linearity up to 1 MHz/mm?
»  25% lower Gain at 10 MHz/mm?
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...If you are not sleeping yet ...




MPGD Technologies for Photon Detection

Experiment / Application MPGD Total detector Operation Special
Timescale Domain Technology | size/ Single Characteristics / Requirements /
module size Performance Remarks
COMPASS RICH Hadron Physics Hybrid Total area: ~ 1.4 m? Max.rate:100 Hz/cm? Production of large
UPGRADE (RICH - detectionof ~ (THGEM +Csl  Single unit detect: Spatial res.: <~ 2.5 mm area THGEM of
Start > 2016 single VUV photons) and MM) ~0.6x0.6m Time res.: ~ 10 ns sufficient quality
PHENIX HBD Nuclear Physics GEM+Csl Total area: ~ 1.2 m? Max. rate: low Single el. eff. depends
Run: 2009-2010  (RICH - e/h separation) detectors Single unit detect: ~  Spatial res.: ~5 mm (r¢) from hadron rejection
0.3 x 0.3 m? Single el. eff.: ~ 90 % factor
SPHENIX Heavy Ions Physics TPC w/GEM  Total area: ~3 m? Multiplicity: dNch/dy ~ 600 Runs with Heavy Ions
Run: 2021-2023 (tracking) readout Spatial res.: ~ 100 um (r¢) and comparison to pp
operation
Electron-Ion Hadron Physics TPC w/GEM Total area: ~ 3 m? Spatial res.: ~ 100 um (r¢) Low material budget
Collider (EIC) (tracking, RICH) readout Luminosity (e-p): 10%3
Start: > 2025
Large area GEM 11 2rea: ~ 25 m2 Spatial res.: ~ 50- 100 um Low material budget
planar tracking Max. rate: ~ MHz/cm?
detectors
Total area: ~ 10 m? Spatial res.: ~ few mm High single electron
RICH with efficiency
GEM readout
m.f"'“ Fﬁa -I I
,5 1 | f. " 1-1- 11 Primary
A:_: B 5 I |on|zat|on

READOQUTPADS

"ALICE VHPID

THGEM HBD Concept:




COMPASS RICH | Upgrade for 2016 Run I

s COMPASS RICH I: 8 MWPC with CsI (RD26 @ CERN) since 2000
Hybrid: THGEM+ CsI and MM

:ég
ERE
//=
wn
H—
Y}
QQ
QQ
®
=
®
%QA

S . gas: C4F4q 1
‘\ mass production ongoing

After a long-term fight for increasing electrical stability
at high rates: MWPC robust operation is not possible at
gain~10° because of photon feedback, space charge & sparks

PMTs not adequate < only small demagnification
factor allowed; 5 m? of PMTs not affordable.

Pad anode with
capacitive coupling
pad readout




GEM Tracking for PHENIX Upgrade and Electron-lon Collider

400 — =+].? /: 400
sPHENIX - eRHIC Detector "
» -1<n<+1 (barrel) : SPHENIX + o)
Compact-TPC + DIRC 7 -
» —4<7]<—1 (e-going) : | I3 "z“: 4.5m .
EM calorimeter + GEM trackers i gk
7 beam
»  +1<n<+4 (h-going) : - A el s N ¥ 2 B~
o 1<n<4: GEM tracker + Gas RICH o i 0 o s
Developing short drift mini-TPC with GEMs Focusing RICH for EIC:

(to improve resolution at larger angles)
with Cherenkov Particle ID (use Cherenkov light
produced in the same gas volume to identify electrons)

GEMs with Csl Readout Plane

:\n;ar:‘Ch " .’l l Drift Gap 16mm
GG - - - = | Tt 150m
TPC with GEM3 = =~ gﬁ. ] Transfer 2 1.5mm
XYStnp f Induction 2mm
GEM Readout _ hevonPods " T e
g 2nomm (pads)
4 ’ Preamp/Shaper

|

Top HY Plate Fleld Cage
Wire Plane

* Drift regions

Readout Pads

- Developing a Ring Imaging version of
the HBD using dual radiators for particle ID

:R (cm)

—
L
[=3

100

50

center-

200



Nuclear Energy Plant
Tokamak Diagnostics
Chip Irradiation

~ High Intensity Beam Monitors

Hadrotherapy

Tons Beam Monitor

Experiment /

Timescale

Direct measurements with real tissue

Application
Domain

Radioactive waste

Radon Monitor

T Radiotherapy

MPGD
Technology

MPGD coupled to n-converters:

» ITER / Spallation Sources
» Neutron-beam diagnostics

Total detector
size / Single
module size)

Operation
Characteristics /
Performance

Special
Requirements /
Remarks

ESS NMX: Neutron
Macromolecular
Crystallography

Start: >2020(for 10 y.)

GEM w/
Gd converter

Neutron scattering
Macromolecular
Crystallography

ESS LOKI- SANS: Neutron scattering: GEM w/
Small Angle Neutron Small Angle borated cathode
Scattering (Low Q)
Start: >2020(for 10 y.)
SPIDER: ITER NBI CNESM diagnostic: GEMs w/
PROTOTYPE Characterization of Al-converter
Start: ~ 2017(for 10 y.) neutral deuterium beam  (Directionality -
for ITER plasma heating angular)
using neutron emission capability)
n_TOF beam Neutron Beam MicroMegas
monitoring/ Monitors pbulk and
beam profiler GEM w/
converters

Run: 2008-now

Total area: ~ 1 m?

Single unit detect:
60x60 cm?

Total area: ~ 1 m?

Single unit detect:
33x40 cm?
trapezoid

Single unit detect:
20x35 cm?

Total area: ~ 100cm?

Max.rate: 100 kHz/mm?
Spatial res.: ~500pum
Time res.: ~ 10 us
n.-eff: ~ 20% efficient
-y rejection of 100
Max.rate: 40 kHz/mm?
Spatial res.: ~4 mm
Time res.: ~ 100 us

n. —eff. >60% (at A=4 A)
- y rejection of 10"-7
Max.rate: 100 kHz/mm?
Spatial res.: ~ 10 mm
Time res.: ~ 10 ms
n.-eff: >107-5

Y rejection of 10"-7

Max.rate:10 kHz
Spatial res.: .: ~300pum
Time res.: ~ 5 ns

Rad. Hard.: no

Localise the secondary
particle from neutron
conversion in Gd with
< 500um precision

Measure TOF of neutron
interaction in a 3D
borated cathode

Measurement of the n-
emission intensity and
composition to correct
deuterium beam
parameters



time bin [25 ns]

GEM-TPC for Neutron Macromolecular Crystallography (NMX) @ ESS

NMX Spectrometer::

Time binned diffraction pattern

(simulation) from a 5mm crystal

of perdeuterated rubredoxin at
20cm from the detector (45°)

N
nll J 5
/GEM /

B(Ge)-GEM & uTPC results:

Straight track of alfa
from 1°B conversion

126 138 140 F 146
* shrip [0 4 mm)

e ———————————

charge [ADC counts)

Curly track of electron
from Gd conversion

.......................................

slaréof track

188 190 192 194 196 198
% stnp [0.4 mm]

184 186

e ———— B 1

B(Gd)-GEM & uTPC concept
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=======fit local-maximum (=320 um +- 21 um)
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canterol-gravity

Intrinsic resolution
(Gd-converter)
standard >2mm
uTPC <400um

L 1 L L L 1 L 1 L 1 1 1 L 1 L 1 1 L
146 148 150 152 154 156 158 160
y strip [0.4 mm]



GEM for General Purpose LOKI-SANS Instrument @ ESS

BANDGEM
Modules
As rear detecto
panels

LOKI vessel

entrance windows

Triple GEM + 3D borated cathode Diffraction measurement
Thermal neutrons from a bronze sample
Padded Anode i Same Measurement Time
o Ao, 014 : : :
04z | BANDGEM |
§ 01
j% 0o0e |
= 1og,C g 008 L
o E 004 |
:'1:-3‘(- 002
D Lo
n ALLO, T
Lamellas coated on both sides with ""B,C 8 *He Tube
Using low 8 values (few degs) the path of the neulron inside the ' = ' ]
B,Cis increased 2 Higher efficiency when detector is inclined 3
g Requirements for rear detector panel
: * Rate Capability = 40 kHz/cm?
£ e Time resolution bettter than 100 ps
| J{  Efficiency of about 60% at 4 A

L
110¢ 1.510*

roF ue) e X-Y Space resolution of about 4 mm

1st prototype



Fast Neutron Beam Monitors for ITER and Spallation Source ISIS (UK)

CNSEM (Close Contact Neutron Surface
Emission Mapping) diagnostic for ITER
NBI Prototypes (SPIDER & MITICA)

d+d —> He’ +(n)-327MeV

Deuterium
Beam Neutron Flux’3
(100 KeV) 1010 n[cmzs

nGEM neutron

Uniform response and Detector

capability to reconstruct
multiple beamlets

200

150

] —— - i | 100
-
I

[
:HY_ - 50
|

Y Coordinate [mm)]

100
X Coordinate [mm]

I 0000 . o o " =

Aim: Reconstruct
Deuterium beam
profile from
neutron beam
profile.
Angular resolution
and directionality
property needed

Det eam
composition."5x16
beamlets (40 x 20 mm?)

Fast neutron
Converters:

Chiplr CAD model at ISIS-TS2

Beam monitor for Chiplr @ ISIS and ESS

gas

Polyethylene Al
Al-layer (give = CH,
directionality property)

ESS Model

Aim: Construct large area, real-time and high

rate beam monitors for fast neutron lines

[ Beam Profile | I 0
m e T Beam Image m 80000
-+ Mean x 20.07 — =
- Mean y 50.36 E - :
/--/ || rms = 16.94 59"
- RMS y 16.06
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10000 : MeanX 334004352
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0
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Beam Monitoring at nTOF @ CERN

Neutron beam + state-of-the-art detectors make n_TOF UNIQUIE for:
- Measuring radioactive isotopes
- Identifying/studying resonances (at energies higher than before)
- Extending energy range for fission (up to 1 GeV'!)
The energy of the neutrons can be determined from their Time of Flight

- [~ GEM detector
N s
2
2 TTEL T Protm Bean o
7_3'1 Besv | T 2 [ - * GEM™B
F—mmmma O Y 2 10 " GEMB,C.
0 prewsensgs | = P s ot e e 4
o B e 4 GEMPE |
g L[ L a.A
B [T a
3 5 Tpmeses el
i A — : ;ff‘i‘.m
[ B ' .
_d [ia - i am
E. ............. ...I‘...:u. e
L'
et
10-’15—-

102 10" 1 10 10% 10° 10* 10° 10° 107 10°
Neutron energy (eV)

S ) . E o _ E ok
o ' E Sigma,= 14.4 mm E*E gma,= 8.2 mm
Installation on NTOF 4 pad detector >80, Sigma = 13.7 mm > 80F gma = 7.5 mm
Beam profile at detector =
uMegas detector:

w P
o o
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2 D reconstructed image
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T. Papaevangelou
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applied to fission reactor 2D image of
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MPGD-based Neutron /Photon Detection: RDo1 Academia - Industry Matching Events

Platform: Research + industry + potential users to foster collaboration on dedicated applications

Academia-Industry Matching Event Academia-Industry Matching Event
Special Workshop on Neutron Detection with MPGDs

_ _ RD51 Academia-Industry Matchi ent
Second Special Waorkshop on Meutron Detection with MPGDs

14-15 Oclabe: 2041

. =3 16-17 Maicn 2015 . 10-11 June 2015 1
e Neutron Detection 1st coo Neutron Detection 2nd = oo Photon Detection =

Special Workshop on Photon D n with MPGDs

b heaocna

Tear Calkagues,

Tn cancinuiy wich che firr accadeg i

https://indico.cern.ch/event/392833/
(understanding requirements,
applications, approaching new

communities and technologies
-

2

‘I. A!if-

,:;% vy - . i “

B B
1 B
1



https://indico.cern.ch/event/365840/
https://indico.cern.ch/event/392833/
https://indico.cern.ch/event/265187/

MPGD Technologies for Neutrino Physics

Total detector
size / Single

Operation
Characteristics /
Performance

Special
Requirements /

Remarks

Experiment / Application MPGD
Timescale Domain Technology
T2K @ Japan Neutrino physics TPC w/
(Tracking) Micromegas
Start: 2009 - now
SHiP @ CERN Tau Neutrino Physics Micromegas,
Start: 2025-2035 (Tracking) GEM, mRWELL
LBNO-DEMO Neutrino physics LAr TPC w/
(WA105 @ CERN): (Tracking+ THGEM double
Calorimetry) phase readout

Start: > 2016

DUNE Dual Phase
Far Detector
Start: > 20237

LAr TPC w/
THGEM double
phase readout

module size

Total area: ~ 9 m?

Single unit detect:
0.36x0.34m>~0.1m?

Total area: ~ 26 m?
Single unit detect:
2 x1m?~2m?

Total area:

3 m? (WA105-3x1x1)
36 m? (WA105-6x6x6)
Single unit detect.
(0.5x0.5 m2) ~0.25 m?

Total area: 720 m?

Single unit detect.
(0.5x0.5 m2) ~ 0.25 m?

Hidden Sector
decay volume

Spectrometer
<. Paricle ID

v, detector

ctive muon shield

Spatial res.: 0.6 mm
dE/dx: 7.8% (MIP)

Rad. Hard.: no

Moment. res.:9% at 1 GeV

Max. rate: < low
Spatial res.: <150 um
Rad. Hard.: no

WA105 3x1x1 and 6x6x6:

Max. rate: 150 Hz/m?
Spatial res.: 1 mm
Time res.: ~ 10 ns
Rad. Hard.: no

Max. rate: 4*107 Hz/m?
Spatial res.: 1 mm
Rad. Hard.: no

The first large TPC
using MPGD

Provide time stamp
of the neutrino
interaction in brick”

Detector is above
ground (max. rate is
determined by muon
flux for calibration)

Detector is
underground (rate is
neutrino flux)




Three Large TPC for the T2K Near Detector

The T2K TPCs: the FIRST and the LARGEST TPCs equipped with MPGDs (Micromegas)

[ |
1 i
I.' i k ;
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]'.‘———-1_ ‘EE_ 1 mm j 16m

Wl 67

L 4

parrel ECAL Ill
i....-—~ .
gl
m
. 8 s 2]
neutring _._’___rf___l'——-—-"'—;i_——-‘_:'—-_

beam

~9 m? equipped with bulk Micromegas detectors

Playing a key role in the study of the neutrino flux

and interactions (charge, momentum and dE/dx PID)
Spatial resolution : 0.6 mm

Momentum res.: 9% at 1 GeV (reconstruct v-energy spectrum)
dE/dx: 7.8 % (for MIPs to ditinguish /e, measure ve component)

72 Micromegas and 120k
channels functioning

tlawlessly since 2009
(dead channels 144/124272)




Electronic Target Tracker for Tau-Neufrino Detector at SHIP Facility @ CERN

S —— Electronic Target Tracker Layout:
! - - =12 planes with 2x1 m? surface
Hidden particle » 2013: originally designed to study HNL in vMSM p
decay volume
> Today: Muon spectrometer
- Searchfor wide range of weakly ELECTRONIC B=15T
Spectrometer interacting exotic particles (incl. SUSY) FOC BRICK COMPACT EMULSION | ey
Particle ID - Study physics of v, produced in Ds decays S— w::iTROMETm Muon id
Momentum
charge

Muon sweeper
Tau neutrino detector

B

\ (emulsion B
lavers
Passive materjal as neutrino target

- Nuclear emulsions as pm accuracy
Target / hadron trackers: T production and decay vertjces
absorber

Extension of SHIP Facility:

» Direct Dark Matter Searches (downstream SHIP)

Electronic trackers to provide the

N . . _‘_ . A “time stamp * and match emulsion tracks
» LFV Experiment t 2 3p (dedicated detector) measure the charge of T daughters

when magnetized

Target Tracker Requirements: » Provide time stamp of the neutrino
interaction in the brick

= Maximum thickness of the plane is 5-6 cm

= (Capability of measuring the angle in each plane » Matching between the electronic detectors and
(efficiency versus the track angle: up to tg(0)=1) the emulsion tracker
= Performance in magnetic field (RD51 is currently
using GOLIATH magnet in the test-beam area); Four possible technologies:
% Scintillating fiber trackers (250 pum Scintillating

Novel
Architecture:
p-resistive
WEEL

fibres readout by SiPMs)
GEM tracker

Micromegas tracker
Resistive RPWELL detector

) ) )
0’0 0’0 0’0




The Cryogenic Frontier: MPGDs for Neutrino Physics and Dark lMa

er Searches

Concept: Detector of nuclear recoils of ultimate
sensitivity for Coherent Neutrino-Nucleus
Scattering and Dark Matter Search experiments

GPMs LXe TPCs for dark matter searches
(within DARWIN):

» Aim for 47 coverage — not practical with PMTs
(cost, bulkiness) or SiPMs (dark count rate)

» Demonstration of 4” cryogenic triple-THGEM GPM
with reflective Csl coupled to dual phase LXe TPC:

GPMs
= 4" triple- -
THGEM GPM ] S %

.........

3Direct charge readout under

investigation
“* [DARWIN Consortium, arXiv:1012.4767]

Earher StUdleS GridPix technology interesting for

Wlth InGrld high single electron efficiency
(direct Charge Main challenges:
d . * Low temperature robustness
rea OUt) : + Operation without quenchers

+ Material outgassing and
radiopurity

---------

Two ideas for future large-scale MPGD-based
noble-liquid detectors:

» Dual-phase TPCs with cryogenic large-area
gaseous photomultipliers (GPMs)

» Single-phase TPCs with MPGDs immersed in
the noble liquid.

Challenge: Single electron sensitivity to nuclear recoil-
induced ionization — optimization to achieve
simultaneously high gas gain and long-term stability

deh deh b U0 THGEM/GAPD-matrix
g e multiplier with PMT
THGEM readout of proportional

EL of the ionization
(52) signal

Proportional
scintillations Side PMT ring
in VUV

Interface grid

Single e’

Nuclear recoil

Cathode grid

W= L
h imraly,
!
/ Bottom PMT matrix |u
.l‘ l (' '
I
E
. .
i

Radiation (v or WIMP)

A. Buzulutskov



Double Phase LAr LEM/TPGC for Neutrino Physics

Stable galn §|m:— \‘\. Hole geometry _:
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12 50x50cm? LEMs
58m

OO e

33m

Top cap ||!|I"
1 1 !I.ll

'L‘.TI
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membrane tank

4.7 m

/4.9 m

7.3m

Timescale: 2015-2016

Time since run start [d]

Well controlled quality of 50x50 ecm2 LEM production and handing
production from ELTOS  Well defined hanging, cleaning/storage process

[
Y 1F

6) storage in custom made box

designed o hold 20 LEMs with their

handiing plates.

5) HV test in a closed box with transparent window .
(CAEN N1471H PSU with 50 pA resolution

—

S. Wu, A. Rubbia

Same quality as the 10x10 cm2 LEM (discharge rate, breakdown voltage)



Light & Ionisation Detectors

2
]

WIMP-nucleon cross section [cm

WIMP Search Technology Zoo

Targets: Ge, Si, CS,, CdTe
CoGeNT, DRIFT, DM-TPC
GENUS, HDMS, IGEX, NEWAGE
Heat & Ionisation Bolometers
Targets: Ge,Si
CDMS, EDELWEISS
cryogenic (<50 mK)

Targets: Xe, Ar
ArDM, LUX, WARP,
XENON, ZEPLIN
cold (LN,)

/ ionisation

P AN

L H \
scintillation | phonons |

4

Light & Heat Bolometers
Targets: CaWO, BGO, Al,O;
CRESST, ROSEBUD
cryogenic (<50 mK)

Targets: Nal, Xe, Ar
ANAIS, CLEAN, DAMA,
DEAP, KIMS, LIBRA, —
NAIAD, XMASS, ZEPLIN-I

Targets: Ge, Si, AlLOs, TeO,

Bubbles & Droplets
CF;Br, CF:I, CsFg, CaFyp

(credit H.Araujo) COUPP, PICASSO, SIMPLE

Il L

CRESST-I, CUORE, CUORICINO [

g ~2)tlXe TPC

- high A — high sensitivity
- low energy threshold

- 3d vertexing

- extremely low background =2

- good discrimination :
- scalability

- new physics channels

1w

adapted from arxiv:1310.8327

1 0_-1-1 (i -
%*Enam-"c‘”

NEU‘" nos

10~ Nputrﬂoq
1 0—4—(’1 id
10—4—'-" Il ] Il'\_r, urrwtr-cJ‘LI M
107481

10—4-9 I

10—:"(1

WIMP Mass [GeV/c?]

DARWiN — THE ULTIMATE WIMP
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-parlmles u;w;; _
snn°iﬁfitf ydiC
= nautmnﬂ UIARWW
=

ASPERA

delection IPC

Baseline scenario

~14 1 fiducial mass

Dark Matter future will be driven by dual-
phase LXe TPC - cost-effective technology
that could be scaled to (very) large volumes




MPGD Technologies for Dark Matter Detection

MPGD
Technology

Experiment /

Application

Timescale Domain

Total detector
size / Single

Operation

Characteristics /

Special
Requirements /

DARWIN (multi-ton  Dark Matter Detection THGEM-based

dual-phase LXe TPC) GPMT
Start: >2020s
PANDA-X @ China Astroparticle physics TPC w/
Start: > 2017 Neutrinoless double beta Micromegas
decay ubulk
NEWAGE@ Kamioka Dark Matter TPC w/
Run: 2004-now Diskedidon GEM+pPIC
CAST @ CERN: AstroParticle Physics: Micromegas
Axions, Dark Energy/ pbulk and
Matter, Chameleons InGrid
Run: 2002-now detection (coupled to X-
ray focusing
device)
IAXO AstroParticle Physics: ~ Micromegas
Axions, Dark Energy/ ubulk, CCD,
Start: > 2023 ? Matter, Chameleons InGrid (+ X-
detection ray focusing
device)

module size

Total area: ~30m?

Single unit detect.
~20 x20 cm?
Total area: 1.5 m?

Single unit det.
~ 30x30x41(cm?)

Total area: 3 MM
ubulks of 7x 7cm?

Total area: 1
InGrid of 2cm?

Total area:
8 ubulks of
7 x 7cm?2

Performance

Max.rate: 100 Hz/cm?

Spatial res.: ~ 1cm
Time res.: ~ few ns
Rad. Hard.: no

Energy Res.: ~ 1-3% @ 2 MeV
Spatial res.: ~1 mm

Angular resolution: 40° @

50keV

Spatial res.: ~100pm

Energy Res:

14% (FWHM) @ 6keV

Low bkg. levels (2-7 keV):
pUMM: 10-6 cts s-1keV-1cm-2
InGrid: 10-5 cts s-1keV-1cm-2

Energy Res:

12% (FWHM) @ 6keV

Low bkg. Levels (1-7 keV):
pbulk: 10-7cts s-1keV-1cm-2

Remarks

Operation at ~180K,
radiopure materials,
dark count rate ~1
Hz/cm?

High radiopurity
High-pressure (10b
Xe)

High radiopurity,
good separation of
tracklike bkg. from
X-rays

High radiopurity,
good separation of
tracklike bkg. from
X-rays




Underground Direction Sensitive Dark Matter Searches: Gaseous Detectors
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* ® Direction sensitivity
Detect short track (Typically 2mm@100keV (F in 0.1atm CF,)

* Background decrease
Discriminate electron tracks (BG) from nuclear tracks by track length ( rejection : 10-6 )
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Direction Sensitive Dark Matter Searches: MIMAC and NEWAGE

NEWAGE: LIMIT (PTEP2015)
. : SKYMAP (underground the only result from
u-PIC based TPC with electronics measurement, F recoil) direction-sensitive method
Only DM experiment with 3-D tracks A 59505 C. upper s an atonedrgion
B0  [Enimes 45 o
s R e
A ,.... -.f.".z .);I! i . . lE N ) ] ‘ . — ﬁmm.--

ORK (RUN14)

GEM
-31X32cm? : ‘
- 70pum/140um A
- LCP 100um

- made by Scienergy, Japan

p-PIC
-31X31cm?
- made by DNP, Japan

z
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D. Santos

)

MIMAC:

1m3 =16 bi-chap?
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New

: Jew technology anode 35x35cm”2
(1024

(resistive uM adaptation)
Only one big chamber
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MPGDs Technology for Dark Matter Searches at CAST and IAXO

1 Micromegas
+ 1 Ingrid
X-ray detectors
(+ x-ray focusing

CAST Axion Telescope @ CERN:

Phase II: inserting gas (*He, 3He) inside it
. ey s X-ray detectors

the magnet bores to gain sensitivity to A

high axion masses

LHC test magnet

L N _ 97,10 m i - i,
"""""" R = Platform to track the ' ;
! =] e I. Irastorza

3 h/day) PP = E. Ferrer Ribas

eray detectons

Shieldis
Movable platform 41 N

MPGD Detectors: Microbulk Micromegas (radiopurity, excellent background rejection)
InGrid (since Nov. 2014, X-ray detection down to 277 eV = First use of InGrid in the real experiment

The International Axion Observatory (IAXO): IAXO sensitivity prospects

. Much
Evolution of MM CAST Background: _ . , larger QCD
»  Large toroidal 8-coil magnet L=-20m = 5 :
e 10° better SNR 3 e
. res: 600 mm diameter each S region
+ Sxray telescopes+ 8 detection systems . than CAST L a : m.u: 1 explored
*  Rotating platform with services S otk * p -
T £ 1075
___) E . L I i{‘ \\3.. 3
Crvostat . I Iglination Svtem i) : \ I 9& \
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MPGD Technologies for X-Ray Defection and y-Ray Polarimefry

Experiment/

Timescale

Application
Domain

MPGD
Technology

Total detector
size / Single

Operation
characteristics /

Special
Requirements/

KSTAR @ Korea

Start: 2013

PRAXyS
Future Satellite
Mission (US-Japan):
Start 2020 - for 2years
HARPO

Balloon start >2017?

SMILE-II:

Run: 2013-now

ETCC camera

Run: 2012-2014

Xray Plasma Monitor
for Tokamak

Astrophysics
(X-ray polarimeter for
relativistic
astrophysical X-rays
Astroparticle physics
Gamma-ray
polarimetry

(Tracking/Triggering)

Astro Physics
(Gamma-ray imaging)

Environmental

gamma-ray monitoring

(Gamma-ray imaging)

3 MeV E-my

&

S
& o
Y

Scintillator

Derift plane

GEM

GEMPIX

TPC w/
GEM

Micromegas +
GEM

GEM+uPIC
(TPC+
Scintillators)
GEM+uPIC
(TPC+
Scintillators)

module size

Total area: 100 cm?

Total area: 10-20 cm?

Total area: 400 cm?3

Single unit detect. (8 x
50cm?) ~400cm?

Total area: 30x30cm?2
(1 cubic TPC module)

Future: 4x4x4 =
64 HARPO size mod.

Total area:
30 x 30 x 30 cm?

Total area:
10x10x10 cm?3

Performance

Spat. res.: ~ 8x8 mm"2

2 ms frames; 500 frames/sec

Spat. res.: ~50x50 um”2

1 ms frames;5 frames/sec

Max.rate: ~1 lcps
Spatial res.: ~ 100 um
Time res.: ~ few ns
Rad. Hard.: 1000 krad
Max.rate: ~20 kHz
Spatial res.: <500 um

Time res.: ~ 30 ns samp.

Point Spread Function for

gamma-ray: 1°

Point Spread Function for

gamma-ray: 1°

Remarks

Reliability for space
mission under
severe thermal and
vibration conditions

AGET development
for balloon &
self triggered

{ES ML UER
R~ ElRg




GEM (X-Ray) Detector for Tokamak Plasma Diagnostics

GEMPIX (GEM + Timepix)

Plasma images (GEM) measured in 2015:

Movie of 200 images per sec

GEM

Anexample @ D=616cm,5=35and H=430cm

Shot 13263
GEMrun 11560

HV 1000
THR 1400
4000 slices 5 ms

S coordinate

Shot 13271

An example @ D =61.6 cm, GEMrun 11564

S5=35and H=46.5cm
HV 1000
THR 1400
4000 slices 5 ms

= F. Murtas,
GEMPIX for Fusion: D.Pacella,

2015 measurement campaign: G. Claps

Image of KSTAR Plasma with spectroscopy measurements



The PRAXys Project: Polarimetry for Relativistic Astrophysical X-Ray Sources

Sun shades

Mirror
optical
bench

Telescope
optical woaw
boom —> /* N/

support
Structure
(polari-
meters)

Instrument /

Spacecraft
bus

1

4.5m

I~

7m

T. Tamagawa
(PRAXys team)

.GEM+strip readout

= e Y

20

M . 3 x 7.8¢cm?

Mission overview ok
* The first dedicated mission for X-ray
polarimetry in astrophysics ok

T\I/piéal bhéto-l
E electron track

ao oo
ofoge o
ogoo

Imm

* US-Japan joint mission (NASA lead)

5 10 _15 20 25
Time

* The space craft carries two identical GEM-TPC
polarimeter instruments (photoelectron tracking type X-

ray polarimeter)

Schedule

* Proposed as NASA small explorer on December 18, 2014

Selected for Phase A study on July 30, 2015

Further selection will be done in February 2017
Expected launch in June 2020 (two-years-life mission)

0



MPGDs Technologies for MeV-GeV Polarimeter and y-Ray Telescope

HARPO: TPC as a y-ray Telescope and Polarimeter:

HARPO demonstrator:

" p—
b

4 ["Compd  COSB
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=

High-pressure TPC with MM:

‘\._\ EGRET .

=
T 15". T,

> Fill 1-100 MeV sensitivity gap

ot
(=]

» Improve the angular resolution

Sensitivity E? dN/AE (MeV / (em? §))

» Derive g-polarization from the 1,;."’;_ = s N
azimuthal angle derived P T
from e- and e+ tracks 1 w10 ot
E (MeV)
v-Ray Imaging using pPIC+TPC: Fine 3D-electron tracking gives ®,
30cm-cubic Gaseous Time Projection Chamber and well-defined PSF (1-2%)
gamma-ray :-- tracking of recoil electron --- . .
G, T 8 : Conventional method  Electron Tracking method
-.FI!_-,:,..(&‘ p L ExN‘

Gaseous
TPC

SMILE-II:

Scintillator Array



MPGD Technologies for Physics Projects: Summary and Outlook

Rate Capability:

> Micromegas Drift Chamber
MWPC Vs MSG%PC-MSGC Rates

> GEM %mf%

MWPC /

N

%IT
!

Relative gain _,

\MSGC
i

b
™

» Thick-GEM, Hole-Type and RETGEM

» MPDG with CMOS pixel ASICs (“InGridZ

» Micro-Pixel Chamber (uP

Micromegas

X=ray =, Cathode Plane

" Conversion Gap é ! Eon

MHSP Top
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bottomanode

T G { Yho gﬁ’ /\ St;u
m’""”i}@ c ﬁmp 4—5—1—»4:.@2; ’

o5&

Induction Gap WS region Hole r ego lE E,..




Acknowledgments

I would like to extend my sincerest thanks and appreciation to many people who
helped me accomplish this summary

M. Abbrescia, D. Attie, L. Arazi, E. Berthoumieux, G. Bencivenni, M. Berretti, S.
Bressler, A. Breskin, A. Buzulutskov, A. Cardini, G. Cibinetto, M. Chefdeville, G.
Claps, A. Corsi, G. Croci, P. Colas, S. Dalla Torre, B. Dorney, E. Ferrer Ribas, C.
Garabatos, T. Geralis, Y. Giomataris, K. Gnanvo, D. Gonsalez Diaz, P. Gros, P. Iengo,
I. Irastorza, M. Iodice, J. Kaminski, A. Karjavine, B. Ketzer, A. Kumar Dubey, M.
Lupberger, J. Merlin, F. Murtas, D. Neyret, A. Ochi, E. Oliveri, D. Pacella, J. Pancin, T.
Papaevangelou, E. Pollacco, B. Radecs, F. Resnati, L. Ropelewski, A. Rubbia, H. Sako,
A. Sharma, L. Shekhtmann, O. Steffen, B. Surrow, A. Peyaud, T. Tamagawa, F.
Tessarotto, S. Vlachos, M. Vandenbroucke, B. Voss, S. Wu, C. Woody, S.
Zimmermann, M. Zito

THANKS TO YOU ALL it became possible to present this wide spectrum
of the most recent data



	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 34
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39
	Diapositive numéro 40
	Diapositive numéro 41
	Diapositive numéro 42
	Diapositive numéro 43
	Diapositive numéro 44
	Diapositive numéro 45
	Diapositive numéro 46
	Diapositive numéro 47
	Diapositive numéro 48
	Diapositive numéro 49
	Diapositive numéro 50
	Diapositive numéro 51
	Diapositive numéro 52
	Diapositive numéro 53
	Diapositive numéro 54
	Diapositive numéro 55
	Diapositive numéro 56
	Diapositive numéro 57
	Diapositive numéro 58
	Diapositive numéro 59
	Diapositive numéro 60
	Diapositive numéro 61
	Diapositive numéro 62
	Diapositive numéro 63
	Diapositive numéro 64
	Diapositive numéro 65

