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Brief history of Gaseous Detectors
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Micro-Pattern Gaseous Detectors (MPGDs)

Micromegas

03-06-2021
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ATLAS NSW project (MM) TDR}’ =
|cMS forward tracking upgrade (GEM) TOR-"
[comPASS RICH upgrade (hybrid MPGD) approved”

/
N
[ALICE TPC upgrade (GEM) YDR»/

High rate capability — Up MHz/mm? (MIPs)

High gain — Up to ~10°

High spatial resolution — < 100pm

Good time resolution — ~ns in general
o Excellent in cases— < 100 ps

Excellent radiation hardness

Good ageing properties

lon backflow reduction

Photon feedback reduction

Large volume/area — tenths of L / m?

Low material budget

Low cost Adapted from E.Oliveri

ECFA Detector R&D 2021
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Application of MPGDs in physics and beyond

Experiment/
Tim

Operation
Characteristics/
Performance

Special
Requirements/
Remarks

ATLAS Muon
Syszem Upgrade:
Stast: 2019 for 15)

ATLAS Muon
Tagger Upgrade:
Start: > 2023
M5 Muon
System Upgrae:
Start:» 2020
M5 Calorimetry
(BE) Upgrade
Start>2023
ALICE Time
Projection Chamber
Start:» 2020

TOTEM:
Run: 2009-n0w
LHCh Muon
System
Run: 2010- now

FCC Collider
Start: > 2005

Cylindrical MPGDs as Inner Trackers for Particle / Nuclear Physics

‘Operation Characteristics
Performance

Experiment/
Timescale

KLOE2 8 DAFNE

Run: 20142017

BESHI Upgrade &
Be

3
Run: 2018-2022
CLASI2 §JLAB

Start: >2017

ASACUSA & CERN
Ru: 2014 - now

MINOS
Rume 20142016
CMD3U m«ag
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Application G fotal detector
Domain Technology < / Single
EregyPhysics  Miromegas Totalarex 10
(TrackingTriggerng)
Single
A - 23m
High Energy Physics JFIC Totalares: - 2m"
(Teackingrigping)
High Erergy Physics o3 Totalareec - L3
(Tracking Trigge
A Single unit dotect
D304
High energy Physics  Microenegas GEM  Totalares: - 100
(Casorimetry)
S uni gt
Hesvylon Physics O Mo
(Tracking « dEid) R
s Single urit detect:
up o
High Energy! GEm Toalae - 4
Fonvand Physics  (semicircular
(3slenl<65) shape) Singe unit erect:
pto0.iim
High Energy / o Total aresc~ 0t
Bflavor physcs
i Singlo unit detect:
(muon eiggenng) gem
High Erergy Paysics  GEMTHGEM  Tota area 10000
(Tracking/Traggerirg/ M for MPGDS sround
CaorimetryMoor) e PICInGAd 10000 )

Max. ate 18 Kzl

ard-
Max.rate: 1006} Lz
Spatial res < 100

Max.rate 10KHfc
00,

Macrate 20Kz
Spatial res: -1
Time res:

Rad. Hard.
Maxrate 00Klzicmn®
‘Spatialres: -

Clen

Maxsale WURHC
Spatial res: <100um
Time res:

- Rodundant tracking

and e

Chlkmging consie.in
preco

~Redurdanttracking
and triggering

Not main aption;
cousd beused with
HGCAL (BE part)
~S0KHz Po-Phrate;
~Cortinues TIC
readout
~Low IBF and good
5y tsolution
Opeeatonin pp. pA
and

- Redurdant
trggering

Maintonanc freo for
decades.

pecial
Requirements!
Remarks

Kelavor physics
(aacking)

Partcilo Physics!
eves collider
(Tracking)
Nucke Physics
Nucloon structure
(racking)

uckear Physics
(Tracking and vertexing
of pions resuling fr
the p-antip annihilation
Nuchoar structure

Particle physics
(a-chambes, racking)

4 cylindrical lyers
Llength) - 700mm
R (radis) - 120,
155,180,205 mm.

Cylindrics] GEM 3 cylindrical layers

Manar (forward)& Totalarea:
Cyfindrical  Forward - 0.6m®
Micromegas 2 cylindrical Layers:

R-20cm
2 cylindrical layers

Cylindrical
Micromeges2D  L=60cm
R-85,95mm
TPC wf cylindrical 1 ylindiical layer
Micromegas  L=30cm, R~ 10cm
Total arear: - 3

2cylindrical lsyers

Spat.res.(z) - 350um

Max. rate 10Kzl
Spatial res.x
Spat.res.(2)= L mm
Max.rate - 30Milz
Spatial res: < 200um

Max. rigger rate: kHz
‘Spatial res: -200m
Time res - 10ns
Rad. Hard: 1 Clem

Spatialres: <5 mim FWHM
Trigger rate upto =1 KHz

‘Spatial res: - 100um

- 130um

- Mat. budgel 2% X0

~Operationin 05T

- Materal < 1. 5% of
X, for all layors
~Operationn 1T

field that varies
from 31047 in the

active area

- Low material
bodger

)

Experiment/
Timescale

ILE Time Projection
Chamber for ILD:

Start:> 2030

1LC Hadsonic (DHCAL)
Calorimetry for ILD/SID

Start > 2030

Experiment/
Timescale

STAR Forward GEM
‘Tracker @ RHIC
Run: 2012-present.
Nuclotron BMEN
NICAJINR

Start:> 2017
SuperFRS i FAIR

Run: 2018-2022

PANDA SFAIR

Start> 2020
CBM @ FAIR:

Start:>2020

Electron-lon
Collider (EIC)
Start: > 2025

MPGD Technologies for the

Application
Domain

High Encrgy Physics

(calorimetey)

High Encrgy Physics
(eracking)

MPGD

Technology

Micromegas
GEV pads)

International Linear Collider

fotal detector
size /Single

“400cny
et et

Total arex: - 4000

Singlo unt detoct
05-1m¢

Operation
Characteristics /
Performance

Max.rate < 1 K1z

kb 5% (Fo35)
Rad. Hard:no

Max.rate: Kz
ial res:

Heasy fon Physics
(tracking)

MPGD
Technology

Total detector
size / Single
module size

“0AxDAm
Heavy m.mym GEM  Totalarex- R2en’
(tracks Singlo unit detoct
-09m
Heavy lon Physics TPCw/  Totalarenfow
GEMs
at theli-Fly Super
Fragment Sepacator)
Nudearphysics  Micromegas/  Totalarew - S0m’
P antivp tzacking) GEMs  Siglo unitdecect
~15m0
Nudear Physics GEM Total area. 9t
(Muon Systemn)
urit detect:
080 50004
HudroaPhysks  TPCwiGEM  Totalarew: - 3m*
(tracking, RICH) tosdout
ares G
silal Totalarex: - 25m°

Operation
Characteristics /
Performance
Spatialres: 60-100 i

300MHz
200um

Max rate
Spatial res

Maxrate:- 10°7 Hajspdl
Spatial res:< 1 mm

Max cate:< 10kéz/cm
Spatial res.

Max. rate: 0.4 MHz/em
res: - 1505,

100
e femihear
Spatial .t 100 um (eh)
Luminosity (e-p}: 10°

Spatial re.: - 30- 100 um
Maxrate. - MHz/cnr

Special
Requirements/
Remarks

Si+ TRC Momentum
resolution :

dpip <3102 1/GeV.
Power-pulsing

Jot Energy
resolution: 34 %

Power-pulsing, self-
eadout

Low matedial
budgot- < 1% X0 por
eacking layer

Magnetic feld 05T
orthogonal toelecteic
fed

High dyamic range
Particle detection.
from p to Uranium

Continuous-wane:
operation:
10" interactiorys

Self-tiggerd
electronics
Low material budget

Low material budget

MPGD Tracking Concepts for
MPGD
Technology

Experiment/

Timescale
COMPASS 6 CERN

Run: 2002+ now

KEDR @ BINP.
Run: 2010-now
85 in Hall A € JLAB.

Start:>2017
pRad in Hall B & JLAB.
Stare: 2017
SoLID in Hall AG JLAB.
Start-->2020

42 and E45 6]PARC
Star: -2020

ACTAR TPC

Start: -2020fox 10y.

Application
Domain

Hadron Physics
(Tracking)

Particle Physics
(Tracking)
Nuckens Physs
(Tracking)

wieon form
factors / struct

Nucloar Physics

of proton radius.
Nuclear

Physics
(Tracking)

Hadeon Physics
(Tracking)

Nucloas physics
Nuclear structure

Micromegas wi
GEM proampl,

M

GEM

TPC W/ GEM,
sating grid

TPCw/
Mic

Hadron / Nuclear Physics

Total detector | Operation Special
size / Single | Characteristics/ Requirements/
modulesize | Performance Remarks
Totlanu26m  Maxrate 10 7Hr Required boarn
0310310 Spatialres-70-100pm  central/ beam area)
Totalarea:- 2t (519P)~120um (pine)
Singhe unit detect.  Time res:
Ox0dmt Rad. Hard:: 2500 mCon
Toralarea: -0.1m?  Max.rate:] M lz/may
Spatial res.:-70um
Totalawa 14m®  Max.rate A00 Kzl
Spatial res: 70
Single it elect. Time re. - 158
Rad. Hard:0.1-1 Gy,
Total e 1.
Singlo unit detect
o Kad. Hand 104Gy
Totalarea 40M°  Max. rate 600 kHzjcnw
Spatial res:- 100y
e delect Time res~ 181
Rad, Hard:05-1 Gy,
Totalarea:026m*  Max.rate 10° ki Gating grid
032m(diameter)  Spatialres:0204mm  operation- IkHz
20,5t lergth)
2desectors: Counting rate< 10"4nuclei Work with varlous
2525am2and  but highee i some gas (He mixture,
masks are used. IC4H10,D2...)

romegas
Reaction procestes (amp. gap-220pm] 12.5'50am2

MPGD Technologies for Photon Detection

Experiment/ | Applica

Timescale ‘ Domain

COMPASSRICH ~ Hadron Physics
UPGRADE (RICH - detection of
Start > 2016 single VUV photons)

PHENIX HBD Physics

Run: 2009-2010
SPHENIX
Run: 20212023

Electron-Ton
Collider (EIC)
Start:> 2025
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(RICH - e/h separation)

Hadson Physics

(tracking, RICH)

MPGD
Technology

GEM + Gl

(THGES
and MM)

GEM:Csl
detectors

Heavy lons Physics TPC wiGEM.
(racking) readout

TPC WIGEM.
readout +

RICH with
GEM readout

Total detector
z¢ / Single
module size
Totalarea: - Lim!
Sigle unit detext:
~06x06m
Totalarea: - 12
Single unit detect
03x03mt
Totalares: <3t

Totalares; - 3 m?

Total area: - 10

Operation
Characteristics /
Performance
Max.rate 100 Hz/em®
Spatialres:<- 2 5mm
Time res: - 107
Max.rate:low
Spatialres:
Single el ef

5 mm (ef)
o

Multiplicity: dNchidy -600

Spatial res.: - 100 urm (r9)

Spatial res.: - 100 ur
Luminasity (e-p): 10°

)

atial res.: - few mm

Special
Requirements/
Remarks
Production of large
area THGEM of
suffciont quality
Singleol. eff. dopends
from hadon rejection

opera
Low matecial budget

High single doctron
eliciency

HBD Conceps:
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MPGD coupled to n-converters:

MPGD
Technology

module si.

Characteristics /
Performance

Special
Requirements /
Remarks

Maksym Titov,

Conference Summary,

» ITER / Spallation Sources T2K®japan oot n rn i n
> Neutron-bear diagnostics I ; = t ternationa
& 0.36x0.34m*-0.1m*

Experiment / MPGD Total detector | Operation Special SHiP @ CEl eutrinoPhysics  Micromegas,  Totalarew-26m¢  Max.rateiclo Pivio g ‘ O nfe r‘e n Ce O n
Timescale Technology |size/Single | Characteristies/ | Requirements/ Start: 20252035 (Tracking) GEM, mRWELL of theneutrino

module size) Performance Remarks interaction in brick™ .
T —— Toulao 158 Marene 00 MHaie? (NGO || Neiophyis || LAFTRCH | e A ) s Micro-Pattern Gas

Single unit detect; z (WA105 @ CERN): (Tracking THGEM double 3 o (WA105-3x1x1) Mk rate 150 Hajut m(n‘:x‘;;aw

: unitdetect: g1 5 Max.rate 150 Hz/m® ined by muon
Crystallography Crystallogaphy fory Time res. Calorimetry) phasereadout 36 m’ (WAL05-6xns) ol T Fugg
Start: > 2020(for 10y) neit Start: >2016 Singlo unit detect. 7 o e eC OrS
- rejection of 100 ©O805m2)-028m  Vimeres:-100ns

ESS LOKI- SANS:  Neutron scattering: GEMw/  Totalares:~1m'  Maxrale: JOKHZmm'  Megsure TOF of neutron RaciRont n
Small AngleNeutron ~ SmallAngle  boruted cathode - i interactionin 1 3D DUNE Dual Phase — ‘ ( M P G D20 1 7 ) e D I e
Seattering (Low Q) Sovs i borated cathode PR Deerie LATPCw)  Towlama7aome M 4107 Ham Deectors . | m
Start: > 2020(for 10y) ek Start:> 20232 THGEM double  Sengle unit detect p: 5 undergrou nd (rates.

trapezoid phasercadoot  (050.5m2)-025m:  Kad. Hard.: no neutrino fiux) . . . .
s s cmsm sy — niversity, Philadelphia

PROTOTYTE Characterizationof  Al<converter 2035 e emission intensity and -
Start - 2017(for 10y) neutral deuterium beam - (Directionality - e e e
[TER plasma heating  angular) deuterium beam
\unsmlmnmm capability)  rejection of 10°:7 i s

n TOF beam Neutron Beam MicoMegas  Total ares: ~ 100cem? - Maxrate 10Kz
monitoring/ Monitors Wbk and g

beam profiler GEMw/ o

Run: 2008-now converters Rad. Hard.: no

MPGD Technologies for Dark Matter Detaction

Experiment/
Timescale

Application
Domain

Characteristics /
Performance

Special
Requirements/
Remarks

Experiment/
Timescale Domain

Application MPGD
‘Technology

Total detector
e/ Single

module size

Total area: 100 cm?

Operation
characteristics /
Performance

Special
Requirements/
Remarks

Conference Summary / Perspectives

Maxim Titov, CEA Saclay, France

module size
! KSTAR @ Korea  Xray Plasma Monitor

for Tokamak

Spat. res.:- B8 mm*2
2ms frames; 500 frames/sec

DARWIN (multi-ton

dual-phase LXe TPC) aopus ada Start: 2013
Start: 320205 5 > GEMP! Totalaren: 1020w’ g, +=50x50 um*2
~20x20cm Rad. Hard: o Halem? % s
PANDAX [1l & China  Astroparticie physics TPCw/  Totalara:l5m® EnergyRes:-1-3%@2MeV  High radiopurity = = - i
i PRAXYS Astrophysics TPC w/ Total srea: 400 cm Maxrate: - 1lcps Reliability for (et
53017 ¢ s - Lo ressure (10b
Start2017  New Wj’" :"’"h i g jputial sesc S el “h PO O FutureSatellite (X-ray polarimeter for GEM . Spatial res.: - 100um mission under
- i phs - Mission (US-Japan): relativistic Single unit detect. (8% Tine res  fon 1 et el
NEWAGE® Kamioka  Dark Matter TRCw/  Singleunitdet.  Angular resolution:40' @ Savpibete ] i S0c?) ~400c Radl Hard- 1000Kkead wibration conditions
Run: 2004-now Detection GEMwlPIC  ~3000ud1(cn)  SOhaV' s years  astrophysical X rays . Hard.: ad
HARPO Astroparticle physics  Micromegas +  Total area: 3030cm2  Maxrate: - 20kHz AGET development
CAST @ CERN: AstroParticle Physics: ~ Micromegas  Totalarea:3MM  Spatial res.: -100um High radiopurity, Gamma-ray GEM (1 cubic TPC module)  Spatial res: <3500um for balloon &
ions, Dark Energy/  pbulkand  pbulks of 7x7cm?  Energy Res: good sepaatoncl Balloon start>20177 polarimetry L Timeres:- Wnssamp  sell triggered
Matter, Chameloons. InGrid 1% (FWHM) © 6V tracklike bk, fror (Tracking/Tei ) uture: dxixd =
Run: 2002-now i (coupledtoX- Towlarea:1 Xerays e 64 HARPO size mod, h
"‘V;M‘“;:‘:;"& loCadot i CLon b Jevels - EhaV SMILE-IL Astro Physics GEMwPIC  Totalarea: Point Spread Function for oo cvm P AT
W s TkeV-ic e : s A remat rence on Micro-Pattern
InGrid: 10-Scts - IkeV-lcm:2 R e iy knsgl ) :\|:.‘|:’|::|m| x50 Guci7ay; | Gaseous Detectors, September 22-26, 2017, PA, USA
1AXO AstroPartide Physics:  Micromegas  Total area: Erergy Res: High radiopurity, - . -
st il e o T et ETCC camera Envionmental  GEMAPIC  Tolares Poin Speead Functionfor
Start: > 20237 Mattor, Chameleons  InGrid (+ X-  7x7cm2 tracklike bkg, from Ran 20122010 Domaay monitoring . (TRCE 10x10x10 can’ gamma-ray: 1
dotection ray focusing Lowbkg Levels (1-7keV):  Xerays -t (Gamma-rayimaging)  Scintillators)

device) bl 10-7cts s-TheV-lem-2 —

Adapted from E.Oliveri
ECFA Detector R&D 2021
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MPGDs in CERN experiments

-mostly for muon systems-

MPGDs have been chosen for all LHC upgrades

CMS (GEM, uRWELL)

COMPASS (2TGEM+MM, MM, GEM)

GLACIER(LEM)
Some of them running,
Some of them approved for upgrades QM=
Some of them under evaluation — NA48 (NHVI)
ALICEGEM) ™ TN LHCb (uURWELL)

ATLAS (MM) Il Rt &
K ,,A" 8 LINAC 2 ) I ‘LL
s Gmac )
DIRAC (MSGC-GEM)
» ior » utrol » P (antiproton) el i/ antiproton conversion  » 1 » electron
RED = LHC LHC Large Hadron Colider  SPS  Super Proton Synchrotron

AD Antjproton Decelerator CTF3 C t CNCS Cern Neuts 0 Gran Sasso
- - rlmmng LER LowEnergylonRing LINAC LINear ACcelerator n-ToF |
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RS— From M. Titov
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The RD51 collaboration - CERN

~ 450 authors, 75 Universities and Research Laboratories from 25

countries in Europe, America, Asia and Africa

Detector R&D Detector R&D

RD51 and the rise of micro-pattern gas detectors

Alexander DEISTING

Pawel MAJEWSKI

Timothy David MARLEY

Mohammad NAKHOSTIN

Konstantinos NIKOLOPOULOS

loannis KATSIOULAS

Tom Neep

..... 4 by existing o0l

loannis MANTHOS

Robert James WARD

Jack Paul MATTHEWS
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RD51 collaboration
Development of Micro-Pattern
Gas Detectors Technologies

https://rd51-public.web.cern.ch/welcome

Members from the UK
10 members, 3 institutes

Royal Holloway College

Science and Technology Facilities Council STFC
Science and Technology Facilities Council STFC
Science and Technology Facilities Council STFC
University of Birmingham

University of Birmingham

University of Birmingham

University of Birmingham

University of Birmingham

University of Birmingham
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Gaseous Detectors

don’t stop with
MPGDs

Technologies: overview, limitations and perspectives

Convener: Leszek Ropelewski (CERN)

MPGDs: GEM, Micromegas, THGEM, uRWell and other ongoing developments
Speaker: Eraldo Oliveri (CERN)

EOliveri_ECFA_TF1_..  [-] EOliveri_ECFA_TF1_.

RPC, MRPC and other ongoing developments

Speaker: Giulio Aielli (INFN e Universita Roma Tor Vergata (

)

Aielli_ECFA_2021.pdf Aielli_ECFA_2021.p...

Drift chambers, straw tubes, TGC, CSC and other wire chambers
Speaker: Dr Peter Wintz (Forschungszentrum Jiilich )

PW-TF1WireChamb...

PID: TPC, TRD, RICH and other large area detectors

Speaker: Emilio Radicioni (Universita e INFN, Bari (IT))

20210429.PID.pdf

https://indico.cern.ch/event/999799/

ECFA Detector R&D Roadmap Symposium of Task Force 1 Gaseous Detecto

Thursday 29 Apr 2021,09:00 — 19:40 Europe/Zurich

& Anna Colaleo (Universita e INFN, Bari (IT)), Anna Colaleo (Universita e INFN, Bari (IT)) , Leszek Ropelewski (CERN)

Future applications

Convener: Klaus Dehmelt (State University of New York Stony Brook (US))

Tracking and muon detection at future colliders

Speaker: Maksym Titov (Université Paris-Saclay (FR))

1.2021_04_ECFAT...

Application beyond fundamental research
Speaker: Fabrizio Murtas (CERN & INFN)

ECFA_murtasnew.pdf ~ [-&] ECFA_murtasnew.p...

tools and R&D

Convener: Anna Colaleo (Universita e INFN, Bari (IT))

Electronics (front-end and DAQ ) for gaseous detectors R&D

TPCs at future lepton and lepton-hadron colliders (TPC, drift chambers, large volume gaseous detectors) SpNBIKREE HERR NI Qrbessty ot oo (021
Speaker: Piotr Gasik (GSl - Helmholtzzentrum fi onenforschung GmbH (DE)) Electronics for MPG...  [:] Electronics for MPG.
gasik ECFA_29042... m Software tools for detector physics simulations
Speaker: Heinrich Schindler (CErN)
Nuclear physics (tracki ly low mass d , photon d ion, TRD, neutron detection) Slides.pdf
Speaker: Dr Stefano Levorato (INFN Trieste (IT) and CERN)
3 : [ 17:30 | - testing and ion facilities
ECFA Detector R&D_...  [-6] ECFA Detector R&D._.. X
Speaker: Rui De Oliveira (CERN)
i . : o e . pdf | 3 PP
Recoil imaging for DM, neutrino, and BSM physics applications (TPCs variations, optical readout)
Speaker: Diego Gonzalez Diaz (Universidade de Santiago de Compost S)) m Relations with industry
DGD_TALKpdf [ DGD_TALK ppix Speaker: Michele Bianco (CERN
MBianco_Rel_with_I...
Calorimetry (RPC, MPGD) at future colliders
! m = i i ination and training.

Speaker: Frank Simon (Max-Planck-Institut fuer Physik)

GaseousCalorimete...
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Speaker: Leszek Ropelewski (CERN)

Networking.pdf
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R&D in the UK

03-06-2021 loannis Katsioulas | i.katsioulas@bham.ac.uk | PPTAP 2021



mailto:i.katsioulas@bham.ac.uk

High pressure TPC with optical readout for v-physics _—
Towards a neutrino-nucleus cross section experiments 3z e}

Chin. Phys. C 38, 090001 (2014)

= ANL. PRL 30, 335 (1973), H_
a  ANL PRD 19,2521 (1979).4,D, & BNL
O ANLPRD25, 1161 (1982, H.D, &

o BEBC. NP B264, 221 (1986), H,

Gas is the target for vs to scatter and the detection
medium for the interaction’s final state particles

Gee, + (107 cm? [ nucleon)

CcO0O0O0 aaaa
oNPODabPODN

A neutrino-nucleus scattering experiment in its own
right at a strong neutrino source i

A powerful component of a near detector at a long
baseline neutrino oscillation facility

Ar DUNE

T2K
Far Detector
(H,0)

Different gas mixture can be used for different
physics experiment. Example: Hydrogen rich targets

for new data of v-H scattering. |:>

T2K
Near Detector
(CH)

He

XX X X |

H Simplest interaction

event rate
simplicity of the interaction

Advantages:
e Coverage of the full solid angle and low momentum threshold for particle
detection.

e Threshold in gas is lower than in liquid, which makes a gas TPC better suited to
measure low-momentum final state particles produced in interactions of a v-beam
with the gas atoms / molecules

e Agas TPC can be easier magnetised than a liquid one

e Exchanging the gas and thus the target inside a TPC allows for a rich physics
program measuring scattering on gas atoms

B, e .
Near Detectors to measure v interactions

Camera

Lens

e s Amplification

Tragk

Cathode
o

Lens

Camera

~ i

NOvVA

(Fermilab Neutrino Seminar 01/04/21 Xianguo LU, Oxford)

Stitched optical
readout (4 CCD
cameras) +
electronic
signals from
meshes used
for amplification

VNIVERSITRT
> VALENCIA

XUNTA
DE GALICIA

10
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DRIFT (part of the global CYGNUS effort for directional Dark Matter detection)

Fluorine recoil energy (keV)

Fluorine recoil energy (keV)

NEWAGE (2010)

1e-01
f

o-03
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1 7 1 ! L X ' L ! L
— ] .
o @
1200 gﬂ 3 e e 2 { B P X
7 ‘7 8
b —
A — R 211 2 = -
S - 1-3771t]
: g FHEL | es | g9
§ = 1] I ~ | ~
g < | 3
e oo g = S ! 14 « | {
el g e i o [ &
i 2 - [
g O ol__3tt¥zt] EIRTIE FASRTT EEThLed] 1% | WIMP search (46.3 days) Neutron Calibration (3.2 days)
o 1 ,p’ ‘E j ) o ! o
& il 3P T T T T T T
W * drit direction ~drift ®ionizatioff™ o 0 1000 5000 6000
- cs7/CF4/oq (59/39/2) @ A0k

Goal: Obtaln the best possible electron/nuclear rec
separation capability and directionality at ~20-40
TPC characteristics:

e Read out with criss-crossing wires.

e Use negative ions to reduce diffusion an
fine-grained. longitudinal information for/ /stimatin
track direction.

e Use minority carriers for z-fiducializati

R&D towards a DDM observatory:

e Replace CS, by SF mixtures (works in pure
SF5' allows event fiducialization, and higher number of
F-atoms),

e Multiplication in SF, more difficult due to higher
electron affinity.

e Requires developing new amplification structures!
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MM-ThGEM

Transfer 2

(a) Cross-section of the MMThGEM with the field names (left),
plane names (right) and the gap widths (centre-left)

© o jonization > “ThGEM + MWP

(b) Close-up picture of the
MM-ThGEM holes from
above
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Optical Time Projection Chamber for the observation
of the Migdal effect in nuclear scattering

MIGDAL

Migdal In Galactic Dark mAtter expLoration

E@  UNIVERSITYOF
P&y BIRMINGHAM

I,
O

GDD SrF

Imperial College
London

Gas Detectors Development Group

THE UNIVERSITY OF

NEW MEXICO.

Science & Technology Facilities Council

Rutherford Appleton Laboratory 4

ROYAL

University
HOLLOWAY 3 Of

9 Of
Sheffield.

OXFORD

Experimental Goal

Observation of two tracks (Migdal electron and nuclear recoil)
originating from the same vertex in a low pressure gaseous
detector using a high intensity DT/DD neutron generator.

Atomic effect predicted by
A. Migdal in 1939

® @ @

Migdal Effect - nucleus moves relative to the electron cloud. Individual
electron might be ejected leading to ionisation.

%uclear recoil
DT/DD Neutron
source >

\onisa(ion electron emitted due to Migdal Effect

Simulated Migdal event
in 50 Torr CF, using
DEGRAD, SRIM and
Garfield++

We are seeking the first observation of the Migdal effect by detection of
the Migdal electrons in CF,- based gas mixtures including noble gase

Collimated
neutron beam

Camera & Lens
Hamamatsu Orca-Fusion

Expected number of Migdal events in CF, using DT generator
XENON 0.95/25

Electron threshold track length [mm]
4 5 8 7 8 9 10

3
S

>
3
5 30
g
£ 10 Carbon
5
&

3

DT, CF4 50 Torr (preliminary)
1
5 6 7 8 9 10

TPC : Cathode mesh
2 x Glass GEM
ITO plate with 120 strips

Electron threshold energy E. [keV]
03 Taking into account energy distribution and rates of the events with C and F recoils
in the fiducial region over one day of exposure to neutron from DT generator.

Regular Article - Experimental Physics \ Open Access l Published: 30 March 2018
Migdal effect in dark matter direct detection
experiments

Masahiro Ibe, Wakutaka Nakano &, Yutaro Shoji & Kazumine Suzuki

Journal of High Energy Physics 2018, Article number: 194 (2018) | Cite this article

Dark Matter searches and Migdal Effect
-> sensitivity extension to low mass region

Huge attention by DM community with almost 100
citations of Ibe’s paper since 2018 (this includes
major experiments searching for WIMPs)
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MIGDAL O-TPC and Glass-GEM applications

DAQ and control PC CMOS Camera i ’
10 sec integration - m.lm
- presentation
Not only application in dark box -
Physics research ! A i
Scintillating gas filled
chamber
S PEG3 G-GEM
X-ray tube (100x100mm) ". =

P 5 20 kV,.100 uA Object (a hornet)
(& R
o &
\ ) Rotating stage

H. Takahashi, Nucl.Instrum.Meth.A 724 (2013) 1-4

Gas scintillation

3D reconstructed image

e X-ray imaging \
3D alpha track reconstruction e Medical imaging YZ Slice
(schematic) e Neutron detection .

o=
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NEWS-G and the Spherical Proportional Counter

“

Vo _rarc ~ Vo

E(r) =

r2 re—r r2
c A
SEDINE (LSM) SNOGLOBE (SNOLAB) ECUME (SNOLAB) Dlg(:OPOH:“RE
r, = anode ball radius Roskep ey .. Eloctroformed Cu
r. = cathode radius ==
) P o P o P o
C= 1, L < IpF o B L e Siaoe S
: 1072 AR R e AL
10—33 % ~—— NEWS-G: SEDINE —— — NEWS-G: SNOGLOBE
L, - f — DakSides0  — - NEWS-G:ECUME E
bF>1O E —— CRESST-ll — - NEWS-G: DarkSPHERE 7|
Contral . o
107°F \
entral sensor I.S ey § el 3
(years of evolution!) Tiowp o
B810%°F  oon
107°F N
e Large volume read out with a small 107 )
107
number Of Channels 1043;PRELIMINAHV
. E 90% CL Upper Lim
e Single electron threshold due to: 10 e .,
o Low capacitance 134;’ Sommaiey ‘
102 107 1

10
m, [GeV/c?]
JINST 3 (2008) P09007
JINST 15 (2020) P11023

o  High gain
e Radio-pure construction
Background rejection handles
e Flexible operation

o Swappable gases-targets

o  Variable pressure choice

ACHINOS (v.1)

field degrader

Adaptative field (high enough field both close
Ideal for rare-event searches! DM, 230v, CEVNS and far from the anode)

- 14
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Spherical Proportional Counter - Spin offs

NEWS-G G3
Starting 2022

SPC for CEVNS physics in reactors

e Beyond Standard Model:
o  Measurement of a non-zero neutrino
magnetic moment
o  Search for sterile neutrinos.

e  Monitoring reactor neutrino fluxes

e  Study of reactor anti-neutrino energy spectrum,
below the Q-value of the inverse beta decay
process

R2D2 (Rare Decays with a Radial Detector)

An R&D project investigating the use of a Xenon filled

SPC to search for Ov[33
JINST 13 (2018) P01009
JINST 16 (2021) 03, P03012

Goal: demonstration of the required energy
resolution to search for Ovf can be achieved (1%
FWHW at QB of 2.458 MeV)

e Alternative to 3He for fast neutrons

\\\\\\\\\\\\\

e Simple Safe Robust B

e Measurements started at UoB and
Boulby UG lab

e Principle proved

Nucl.Instrum.Meth.A 847 (2017) 10-14 10
NSS/MIC 2019, 1-3

Rate [Hz]

1000

2000

as@bham.ac.uk | PPTAP 2021

lue:Thermalneutrons
ed: Fast neutrons
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Amplitude (ADU)
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PICOSEC Micromegas for precise timing

o

W % radiator I3mm
l A
photocathode
P I C O S E C D-L I photoelectron
£
Mi i3
icromegas 23 . 200
g = L preamplification
g avalanche
S
................... OGN LAY IR ontemet ¥ mesh
5 '37 t é after the mesh A
g
;::j §a 128 pm
22
£
MOTIVATION: : l
————

anode

* Mitigation of pile-up in present and future
colliders

* Extended TOF systems

¢ Micromegas + Cherenkov radiator +
photocathode — synchronous photo-electrons
enter Micromegas

¢ Small drift gap & high field — avalanches start as
early as possible with minimal time jitter —
Timing resolution a few tens of ps

450
E 2 | ndf = 73.26 / 45 . H
400F win 24ps time resolution
F W = 2.7451 + 0.0004 ns
350 0,=20.9+0.3ps
8 F NIM-A 903(2018) 317-325
§ 300 0,=389+1.1ps
.ﬁ_g 250 ;— i} 0y =24.0+03ps
2000
§ 150F
z =
100
o e )
0:. L oA R e etantian, o o
26 265 27 275 28 285 29

Signal Arrival Time (ns)

Single-pad Multi-pad 10x10 cm?

Simulation studies and modeling: NIM-A 993 (2021) 165076
Results of the multi-pad prototype: NIM-A 993 (2021) 165049
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Synergies

Synergies successfully explored with MPGD technologies. Specially within RD51 collaboration
with common facilities (lab/beam/workshop) and tools (modelling/electronics)
To be fostered as well between different technologies (facilities, modelling, electronics,...) ..

Sharing of facilities/instrumentation: Timing/RD50 Sharing of t°_°|S (rrlodelling): LG_AD (Si) & Mi.croMegas
on RD51 timing telescope in beam @ H4/SPS (gas) almost identical concept/signal formation
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~RD50

Drift electrode

Typically 5 mm

- - = Micromesh
128 ym

Resistive film (kapton)
R (1k-100MQ0)

T " Strips
insulator

AC LGAD with

AC mm with Adapted from E.Oliveri
resistive layer

. ECFA Detector R&D 2021
resistive layer =
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Summary

-
ITO plate with 120 strips Technologies
[ Solid state | Gas [ Scintillator | Noble liquid [ Cherenkov |
e Gaseous detectors are a very versatile with Verex /- Challenges: ighspail resluion, ighratloccupncy, fsprcie timing,
numerous advantages, behind numerous great oot | 1ect, | sames
. - - - 2 pC’ sipM’
discoveries in Physics v
s CMOS
o Gaseous detector development ca pa bl I Itles Opens Ediciimetes Challenges: high granularity, radiation hardness, large volume, excellent
- - - - - hit timing, PFA/dual-readout capability, 5D imaging.
up numerous physics applications in a very diverse : T
set fields s || REC 65| penos LT | npingn
saniolii crystals dual-readout
e Gaseous detectors greatly complement other P | e 150
detector tech nolog ies developed in the U K gi:::lior Challenges: large;[r;z]l)ow cost, spatial resolution, high rate.
- ) Scint+
e Gaseous detectors can bring down the cost of WO | Wi
phVSics prOjects in many cases %g)F/ t(}leimlleug?: high‘ p}?oton deltcc'tjon eflﬁ(;:iencyjarge a:;ea ;)hotodeteclors,
- - nner radiator, ummg resolution S Ps, ra 1ation hardness.
e R&D on gaseous detectors is relatively low cost Loap | TPC.DC mel
- gm (timing) MRPC ! i
e Funding opportunities at the level of 10-100kE "] Caming kel
would have a major impact e i i e B
Si, Ge TPC liquid scint., | ingle/dual- water/ice +
scm;. a,t-lsleS/ phase TPC mPMT 6
Physics Briefing Book 2020 18
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Challenges for MPGD Technologies: Experimental Opportunities

e(\ergy F/-O/7

Z /-

The Energy Frontier:

Rad hard, low mass vertex sensors

5 pm point tracking resolution Origin of Mass
Triggering at L > 10%%/cm?/s

Imaging calorimetry (jet energy

resolution ~ 3% or better)

The Intensity Frontier: Origin of Universe The Cosmic Frontier:

Unification of Forces

> Sensitivity (mass, size) . ) > Bkg. rates in dark matter detectors

> Low-cost efficient photo-detectors ieyond ;‘;’Q’;}’,f,’:;, Mode! down to ~ 1 nuclear recoil/ton/year

> Large volume, long drift Lar > High purity, large sensitive areas
TPC, purity and robust readout | =Y

> Large area Psec time-of-flight
detectors

Dark Energy ‘ :
a
k

-

2 |
% Proton Decay ' Q
) Q .

\9/}:,/

Frontier
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