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Micro Pattern Gas Detector(MPGD)
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MPGD Technologies for the International Linear Collider

MPGD

Experiment/

Timescale

Application
Domain

MPGD
Technology

Total detector
size / Single

Operation
Characteristics /

Special
Requirements /

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

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-lon 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

w-PIC

GEM

Micromegas, GEM

module size
Total area: 1200 m*

Single unit detect:
(22x1.4m?) - 23?2

Total area: - 2m?

Total area: - 143 m?

Single unit detect:
0.3-0.4m*

Total area: - 100 m*

Single unit detect:
0.5m*

GEM w/ Total area: - 32 m?
TPC
Single unit detect:
up to 0.3m*
GEM Total area: - 4 m?
(semicircular
shape) Single unit detect:
up to 0.03m?

GEM Total area: ~ 0.6 m*
Single unit detect:
20-24cm?

GEM, THGEM Total area: 10.000 m*
Micromegas, (for MPGDs around
p-PIC, InGrid 1.000m?)

Performance

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

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

Max. rate:10 kHz/cm®
Spatial res.: ~100um
Time res.: ~ 5-7ns

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

Max.rate:100 kHz/cm?
Spatial res.: ~300pm
Timeres:: - 100ns
dE/dx: 12 % (Fe55)
Rad. Hard.: 50 mC/cm?
Max.rate:20 kHz/cm?
120um
Timeres.:~ 12ns
Rad. Hard.: - mCfem?
Max.rate:500 kHz/cm?
Spatial res.: ~ cm
Timeres:-3ns

Rad. Hard.: - C/cm?
Max.rate:100kHz/cm?
Spatial res.: <100um
Timeres.: - 1 ns

Spatial res.:

Remarks

- 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

Operationin pp, pA
and AA collisions.

- Redundant
triggering

Maintenance free for
decades

Cylindrical MPGDs as Inner Trackers for Particle / Nuclear Physics

Experiment/
Timescale

KLOE-2 @ DAFNE

Run: 2014-2017

BESIII Upgrade @
Beijing
Run: 2018-2022
CLAS12 @ JLAB

Start: >2017

ASACUSA @ CERN

Run: 2014 - now

MINOS
Run: 2014-2016
CMD-3 Upgrade

@ BINP

Start: >-2019?

Application
Domain

Particle Physics/
K-flavor physics
(Tracking)

Partcile Physics/
e+e- collider
(Tracking)
Nuclear Physics/
Nucleon structure
(tracking)

Nuclear Physics

MPGD
Technology

Total detector
size / Single

module size

Cylindrical GEM  Total area: 3.5m*
4 cylindrical layers
L(length) = 700mm
R (radius) « 130,
155,180,205 mm
Cylindrical GEM 3 cylindrical layers
R~20cm
Planar (forward) & Total area:
Cylindrical Forward - 0.6m?
(barrel) Barrel ~37m*
Micromegas 2 cylindrical layers
R~20cm
Cylindrical 2 cylindrical layers

(Tracking and vertexing  Micromegas 2D
of pions resulting from
the p-antip annihilation

Nugclear structure

Particle physics

(z-chamber, tracking)

TPC w/ cylindrical
Micromegas
Cylindrical
GEM

L=60cm
R =85, 95 mm

1 cylindrical layer
L=30cm, R = 10cm

Total arear: - 3m?
2 cylindrical layers

Operation Characteristics/

Performance

Spatial res:(r phi) = 250um

Spat. res.(z) - 350um

Max. rate: 10 kHz/cm*

Spatial res:(xy) = 130um

Spat. res.(z) = 1 mm
Max. rate: - 30 MHz
Spatial res.: < 200um
Time res.: - 20 ns

Max. trigger rate: kHz
Spatial res.: ~200um
Time res.: - 10ns
Rad. Hard.: 1 C/cm®

Spatial res.: <5 mm FWHM
Trigger rate up to =1 KHz

Spatial res.: ~100um

Special
Requirements/
Remarks

- Material < 1.5% of
X, for all layers
- Operationin 1T

- Low material
budget :0.4% X0
- Remote
electronics

- Large magnetic
field that varies
from -3to0 4T in the
active area

- Low material
budget

- Mat. budget 2% X0
-Operationin 0.5T

Total detector
size / Single
module size

Experiment/
Timescale

Application
Domain

Operation
Characteristics /
Performance

Special
Requirements/
Remarks

Technology

ILC Time Projection High Energy Physics ~ Micromegas  Total area: - 20 m* Max, rate: < | kHz Si+ TPC Momentum
Chamber for ILD: (tracking) GEM (pads) Spatial res.: <150um  fesolution:
Single unit detect: Timeret =15 A8 dp/p <9°10- 1/GeV
Start: > 2030 InGrd | —Q0cu’ (pade) | 574 5% (Fo35
ixels ~ 130.cm? (pixels 3 2 Power-pulsi
fpieL) SnSpowh) Rad. Hard.: no RS
ILC Hadronic (DHCAL) High Energy Physics GEM, Total area: - 4000m?  Max.rate:1 kHz/cm? Jet Energy
Calorimetry for ILD/SiD (calorimetry) THGEM resolution: 3-4 %
RPWELL, Single unit detect:
Start > 2030 Micromegas  0.5-1m? Power-pulsing, self-

triggering reado

|~

=ie=xgF
ZDIEDNICH
R4 F 1% 2R
“a—MNY/
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XHR, v #%
EERICH A

|eon |

l;;:] RPC || GEM

MPGD Tracking for Heavy lon / Nuclear Physics

MPGD
Technology

Total detector
size / Single

Experiment/
Timescale

Operation
Characteristics /

Special
Requireme

module size Performance Remarks
STAR Forward GEM  Heavy Ton Physics GEM oal e 2o | ISPt RO IO EN (Yo snal é n T L \ é
Tracker & RHIC (tracking) Fngle vnlt detect budget:: < 1% X(
Run: 2012-present St R
Nuclotron BM@N  Heavy lons Physics GEM thal area: - 2m? Max. rate; - 300 MHz Magnetic field 0.5T
@ NICA/JINR (tracking) s‘gg‘*‘ unitdetect:  Spatial res.: ~ 200um orthogonal to electric
Start: > 2017 A s
SuperFRS @ FAIR Heavy Ion Physics TPC w/ Total area:- few m*  Max. rate:- 10°7 Hz/spill High dynamic range
(tracking/diagnostics GEMs Single unitdetect:  Spatial res.:< 1 mm Particle detection
Run: 2018-2022 at theIn-Fly Super Type {l 552 x 9;’“ 2 from p to Uranium
Fragment Separator) DR lE Ao c
PANDA @FAIR Nuclear physics Micromegas/ Tpla! area: - 50m? Max. rate: < 140kHz/cm? Continuous-wave
p - anti-p (tracking) GEMs 5“;8;9 unit detect: Spatial res.: - 150um operation:
Start > 2020 =lom 10" interaction/s
CBM @ FAIR: Nuclear Physics GEM Total area: 9m* Spatial res.: <1 mm Self-triggered
(Muon System) Max. rate: 0.4 MHz/cm? electronics
Start: > 2020 Single unit detect: Time res.: - 15ns
0.8x0.5m*-0.4m* Rad hard.: 10*
n.eq./fcm?/year
Electron-lon Hadron Physics TPC w/GEM  Total area: - 3m? Spatial res.: - 100um (r¢)  Low material budget
Collider (EIC) (tracking, RICH) readout Luminosity (e-p): 109
Start: > 2025 Large area GEM . 3
planar tracking Total area: - 25m? Spatial res.: ~ 50- 100 um Low material budget
detectors Max. rate: - MHz/cm?

A

Prof. Maxim Titov(Saclay) at MGPD2017 Conference summary talk

https://indico.cern.ch/event/581417/contributions/2558346/attachments/1465881/2266161/2017_05_Philadelphia_ MPGD2017-ConferenceSummary_25052017_MS .pdf
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Production, sector integration ongoing
(~1200m? resistive MM):
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amm» Resistive Strips

First NSW Prototypes (INFN Module 0)

. 2
Max. rate:20 kHz/cm Test-beam in June 2016
Spatial res.: <100 ym B e et sasts e -
Time res.: ~ 10 ns E mE_ATLASNSWPreIrmIr\ary | ‘\‘ fmw M:;n‘.i _:
Rad. Hard.: ~ 0.5 C/cm? . v f
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CERN RD51

MPGDOEFENGRAFEII 2 =7 «

Technological Aspects and
Development of New Detector

Common Facilities : Test Beam and Laboratory
Structures _—

Production, quality
control, industrialization

Common Characterization WG2:
and Physics Issues

“h {) 4 -" gy 2“
-0- WG5: R .
: MPGD Related Electronics
Academia-Industry Matching WG3: y
Events, Training, Education / .

Simulations and Software Tools
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N 24
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http;':”//rd51 -public.web.cern.ch/wgactivities
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Time Projection Chamber(TPC)

tracking, imaging, calorimeter, particle 1D

* RITTREMEHES & U TDavid Nygrenh'1974F ICIRE Charged

particle Gas or Liquid
RIMEHEE & LTDGas TPC &, ThZE Tl :
TOPAZ, ALICEZEE&7: E1R4 ImHEPZESR Tt H ' PO
: AN
' AN
: lonization
. electrons
* FPUOT4TERERTPC (SHDFEIFZIE5M A ) cathode ol anode
TPCADIHE (gas or liquid) h'"WEER Dtarget R
Bz, BEYE. OvBB. =2—KU ./
@Hj %%7“—; t BNB trigger, Run 3469 Event 53223, Oct. 21%, 2015

e

Track Multiplicity = 3
%1 : FNAL microBooNEZE&
BAEFZIITVTPCIC KB Za—KY /
R F RIS DHF

VHPoPp+T+ U 7
pBopNQ__::,




ActivelEBTPCOIGHAI : c 5562 <D= - 7027 hTIbA. R&DENTWS
. ERMEER

. REFEH A8 - XENON, PandaX, ZEPLIN, LUX, LZ, DARWIN (248 =A%t ./ > TPC),
WArP, ArDM, ANKOK, DarkSide, ARGO(2#8zt#& 7L 3> TPC)

- A AEHEES | DRIFT, NEWAGE, DMTPC, CYGNUS(TPC+MPGD)
- Ov B B3RER

. mEHATPC : NEXT, AXEL, PandaX-lll

- RIRE T AR HER 1 EXO
- Za— kY /BB

- RIARE I A& 2R L ICARUS T600, MicroBooNE, SBND, LArIAT, DUNE-SP, ProtoDUNE-SP,

ArgonCube, Vertical Drift(1/8z(), DUNE-DP, ProtoDUNE-DP, WA105, ARAIDNE,
LArTPC@KEK (218=)

- mMEH XTPC : DUNE NearDetector(MPD)

- Xk ¥ BRIR AR

- AR - HARPO, SMILE-I feRAIRITTREBNZ H2EBVNETD,
ZOMICbHREFAA—I YT REER S



ActiveiIEBTPCOISEBI@World : XENONNT
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Outer vessel

Inner vessel
Diving bell
Outer vessel flange

Top PMT array
Top electrode frames

HV feedthrough

Guard rings

Field shaping wires

Blocking and sliding
reflectors

Bottom PMT array

Bottom electrode frames

REE

I ]
I

L34 d .
L334
a8esie
14 FessEEEEEEEEEEEEEEE
ase -
.
4 4 .
N
.
sipm
XENON P =P
.
11
| NAAE
- 220N
v 2
XENON10 XENON100 XENON1T XENONNT DARWIN
Total Xe: 25 kg Total Xe: 162 kg Total Xe: 3.2 ton Total Xe: ~ 8.6 ton Total Xe: ~50 ton
Target: 14 kg Target: 62 kg Target: 2.0 ton Target: -5.9 ton Target: ~40 ton
Fiduclat 5.4 kg Fiduciat 48 kg Fiducial: 1.3 ton Fiduclal: ~4 ton Fiducial: >30 ton
T
[ XENONI1O Qi XENONI10O ]
P P P P Py

MU 7 RRED S REROBER(TPC)
S1,82th% EMS5NR,ERD XA

PMT Array (1] C1[C] oOogd S1 S2
Gas Xe A " . 82 ' v
. A :
Gate Gnd ééé Drift Time
E A Nuclear Recoil (WIMP)
AN i
. . S1 S2
Liquid Xe '
Drift
direct S1 1 Field
Cathode Drift Time

PMT Array ] O] OO OO OO0

Electronic Recolil (y, B)

TPC (5.9t LXe, 4 tfiducial), 1.3 m

Neutron Veto: Kamioka technology:
R diameter, 1.5 m tall .

Gd loaded Water Cherenkov detector

E ool |

!‘; o.": g "~.. .:[
09, : . A
: n

' - . PMTarray(494 PMTsintotaI,inZ P FITL) :-.-....-.-.-.-....;‘...-.: .........
.................. . arrays) i
LXe purification system (5 L/ & .. | Aoy

* min LXe, faster cleaning; 2500 :

Rn distillation column
(reduce 222Rn - hence
also 214Bi - from pipes,
cables, cryogenic
system)
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drift
(cathod) Ed = 400V/cm (ﬁx)

* high rate capability (< | MHz/mm?) . - - - GEMI

* ion backflow suppression

CERN ALICEZERDTPC

e fast signaj ngh ETI (= -t kV/Cm) H L I C E
» safer operation by stacking GEMs / O 40 oem

* Less ExB effect

. ... ngh ET2 (> 2 kV/Cm) E.BEJ (ik)
—— OO @& o i
Standard GEM : 50um insulator (Kapton)+5um copper layers on both sides, (p~70um, pitch~140um Low Et3 (< | kV/ cm) 4 -

GEM4

045 ' ' ' I

NS IBF = (Nion-arift)/Ne Pl If IBF is good under 50 kHz Pb-Pb,

0.35 , - p ! - - TPC can run continuously without pad
e = T o g o) R T AR
§°25: ' 1 Low E
€ 0.2/ 1 . SR
oo ) ' f 3 - Goal: @Gain=2000

o IBF < 1%

wos o/(dE/dx) <12 % for 5Fe

0™""500 1000 500 2000 2500

IBF= ions ?r:';:'\'v:;caping into drift space (="ion backflow”)

.......

GEM mass productio ALICE

2 x 18 Outer Read Out Chambers

1142 cm

* 40xIROC, 40xOROC

* 640x GEMs + 10 % spares

* GEM foil production at CERN PCB
workshop

* GEMs are produced on sheets
containing 2 GEMs of different size

* GEMs are segmented in one side.

Completion of GEM

and FEC
installation in 2019

TPCARICBE S M AVICKBEIHZFDEH
D EZ=EBMFE TCITOR&DBHEITH 11




Direction Sensitive
WIMP-search

INRODUCTION -NEWAGEE2-

e NEWAGE : FHICRE. R OREYEEERRES BT : it THRMR
BREAE : 31x31x41cm3

» p-PICEP-TPCE BT
BRPEOIRARARAOFNZEET

FA(WAX)
et. al.

DM Nucleus
CYGNUS .\ o
o - GEM+ uPIC
HEAMEAEFEEVE DRV
¢ o FT(COSBG=0)  Muyy=800eV.c, =010 (MPG D)
i +TPCHRitigs
§ “?: - B & D pixel TH X IEIE - TRORIGEE _
‘:E_ - K= EBIEER: max ~1500 -1 ’fﬁ%i@ﬁﬁﬁﬁ(@gam
o 1 i ‘ - . ~6000
Physics Letiers B 578 (2004) 241246 . cos@ - BWIE S #EEE: RMS ~120um ) 2/

(NEWAGE) l

REDERERSFRD 1 DN uPICKH

~radon decay L D SOMEHR = {EBGD uPICORH
— 1’ - H ~ Sample 4.8 MeV< E < 5.8 MeV 2.5 MeV< E
—— NIV AST7 (2020) | f::::?,ar: P,;;:mc :i (;2: 3;) (::)57'::‘)::; ;T (?jtsys.n X 10:; I : .i7+=0 07:)52'::?: ; zl (;)j(lsys.) ) X 10;')
Ntone 2.1 < 0.5(stat. 5.5 = 0.7(stat.

clean environment

clean material o .
for fabrication, storage




Direction Sensitive
WIMP-search

d\r] gﬁ%ﬁ : CYGNUS-KM / NEWAGE

Sy — N ZHW:

e ~1.0mM3 YA XDOAKBARF = /\— % FICHREBET 5 HHEH

Table 1

- mAHUEY 21— )L & 18EAERER

J4—ILR—

List of candidates for the field-cage material of the SRu-TPC.

product name

material

thickness

size (shipped) sheet resistivity
[m?] mm] | [x101 Q/0] | trend
Semitron Esd Polyacetal | 0.3x0.6 6 1~ 10
(along 0.6 m)
Antistatic film Polyolefin | 1x200 0.05 1 ~ 100
Antistatic PVC sheet | PVC 1.37 x30 0.3 2.0+4+0.2 15% /m
Achilles-Vynilas PVC 1x10 0.2 3.3+0.3 < 1%/m ||
DPF-arutoron PvVC 1.83x50 0.1 > 100

CYGNUS/NEWAGE vessel

40cm modules 3 ; @

1A HATPC
BRZERNERY 7 M FRO

PTEP 2019 (2019) 6, 063HO01

Garfield++. Eflic & 51 A4 > HZA+MPGD&EI{E

B X AT
0.01)

399.00 ns N

0.005}

{ww) z
8 2

z (cm)
o
1

-0.005}

—0.01F, £ TEEn.
-0.01-0.005 0 0.005

0.01 .

R ERAER. HOEILE

x (cm)
- MFDAttachhH SfEA F 2 EFER oo
- BAFCDEYT
- BF & YEL (~10cm/ms) a0l
- BBIC & YR DHEE
. DA AU RRICEEAN LA TS ol
- BRA A 2 DYk
. DetachmentIZk d70 4L
- GEMTDH R i
- HAttachment Tl 1 4 E 4R/

Counts

©
(=
&~
o
-4
=
i

8 it
005 01 015 02 025 03 035 04 045 05

Residual(mm)

Open source consortium of Instrumentation

NEWAGE2018RO

it SFg

SF-

L

N

2000

2200

DELTA_V2
FOEETANBEBOR—-KFIS5TY

2400
Time (us)
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uPICGEM /| wPICiE ~N

v MeVH U THRLEH
Electron-Tracking Compton Cammera (ETCC)
u-PIC + I BRHEB O OFL—2—7 LA

[ERQIEFRBREFZEOA L T e i,
[ERQ)]u-PICEA TOMIPH FiH BIR(RK)
(GEM%: L):4° 4 > ~15,000 et. al.

V BEFA A DU TBRHE

Pixel <
scintillators position & energy @*] B3 RERE < 90 I»ln'l %%E%O)m%ﬁ
HERELETCC(SMILE-2) SMILE-2+Ff ETCC E-HYVHICH

&7 VbicmiT fc % SAIB O RRREIC A [T 7RIS I AR
1 7 AEMR % F - 7=p-PIC(TGV p-PIC) B4 7L‘3$EE 1 - PlC I*EKEDE'M%WMJ%%%I

gas-TPC
3D-track
& energy

£7.7:089

- KEARHR & #F TR o
* TGV(Through Glass Via) & fff[C & Y &7 A9 kD AnodefZ AV AT |
« B FRIBR400 pm(5 cmfH). 215 um(3 cm ) D2iEED R F Rk

-PIC O SAMERE K
400 (s gy ums < 215

5

“cathode

» TGV(Through Glass via) u-PIC
> BEORTAIE120°

» 812128 strip

» StripEM D pitch : 480 um

“ > PixelfEERE : ~554 um

o0o0ol

Cathode

Recoil Energy 5-200keV 662keVH > Y #RDSPD(FWHM)
4 (i) Anode ¢ 60 ¢ 250 Anode ¢ 35 Cathode ¢ 185 0.03 T gy YSal—-yay *BR
o 37Cs(662 keV)
N e i e T ooeplearting fEsk 258° 183°
o o Lo . R 94° 82°
§ 250 = e 0.02 52 (FWH)
oy 3200 HERE 662 keV. g B y v KRTHVIalL—YvaviREE
BREEICLS .15 s% DSPD=82 % #
2 0.01 o - -
S o ! s AU V VIal—=yavhRBESE<H
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Tt e ST c
GU 25 50 75 100 125 150R§|§5R 200 -100 0 100 M? TCﬁﬁ‘iﬁM@?& I 4

Recnil enerav (keVV) SPD (deq)




X1 (EBHH)

TPC Xir{mytat
- et. al.
IXPE #72, 8 |

Imaging”
X-ray’ .
Polarimetry

Explorer .
PIOTSl_ o7
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FEAHDEIRILE—XRO
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XERAHAREIT 4 units

drift electrode

field cage

X-ray beam
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1
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readout strips
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Manufactured by Hirai Seimitsu Kogyo Corporation, Japan
Used for highly integrated circuits which embed electric parts
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Image of Gd test target (*He detector)
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UPIC-based neutron imaging detector (uUNID)

Nevutron detection via 3He gas (n + 3He

+ Gaseous time-projection-chamber
— p +t) or 1°B thin-layer (n + '°B —

« CF4iC4H;o-3He (45:5:50) at 2 atm
+ WPIC micropattern readout

+ Compact ASIC+FPGA data
encoder front-end

alpha + 7Li)

+ 3-dimensional tracking (2D position +
time) with time-over-threshold

@J-PARC MLF

8cm

Bin size: 40 x 40 um?
Spatial res: ~100 um

Base performance characteristics

3He 108
+ Accurate position reconstruction Acti 10x 10 )
ctive area x10cm
HPIC readout - Strong gamma rejection : :
10cm x 10 cm areq, Spatial resolution 0.1 mm 0.45 mm
400 um pitch x,y strips / -
(Mfd. by DNP)Amde Digital encoder with time-over-threshold (TOT) Time resolution 0.25 ps ~10 ns
Cathode uPIC | TOT for proton-triton track | y-sensitivity <102
o Threshold £, o ojon Neutron Efficiency @25.3meV 26% 5%
3 = o %, Triton ;

Discriminator g . - Count rate capacity 8 Mcps 22 Mcps
Polyimide Time-over-threshold e Effective count rate > 1 Mcps
substrate D ( energy dep.) £ T o

- 1 Ly
MEMSHINI® uPICIC & BB RAED K E
215um pitch 400um pitch 215um pitch
Silicon substrate PCB uPIC Glass substrate

Current PCB pPIC
(400 um pitch)
Anode

MEMS pPIC

Cathode

000
000
000
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I] 00umM Cu  Polyimide

10~15pm
4~11um
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End Plate
(Readout Modules)

T2K gas Ar:CF,:iCH;,=95:3:2

Gas amplification of ionised electrons
and read out as electrical signal

Test Beam @ DESY:
GEM-TPC with Large-aperture GEM gating
device (produced by FUJIKARA)

Polyimide

ILD-TPC

Cathode K

mﬂﬁ;&i Modul /s)

Electron transmission (3.5 V) ~ 82-86%

2 2
Opg [mm~]

:— ----------------------------------------------------- 1 »*/ndf =24.4/6
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