Overview of Micro Pattern Gaseous Detectors (MPGDs)
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¢ Introduction to Micro Pattern Gaseous Detectors (MPGDSs)
% MPGDs in High Energy (HEP) and Nuclear Physics (NP)

¢ Application of MPGDs outside NP & HEP field
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Introduction to Micro Pattern Gaseous Detectors (MPGDs)

Micro Pattern Gaseous Detectors (MPGDs):

< @Goal 1s to overcome some of the limitation of MWPCs, DC ...

<+ Reduce the ionization gap from O(cm) to O(mm) to allow fast evacuation of

ions in the ionization volume

<+ Combine semiconductor technology with electron multiplication in gas

< photolithography, etching, lift-off, coating, doping ...

< Micro structures O(100 um) for the anode readout PCBs of MPGDs

Key features of MPGDs
< Rates capability: O(MHz / cm2)
< Spatial resolution: O(50 pum) are achievable
< Timing resolution: O(5 ns)

< Large area capabilities: O(m2)

< Low cost technologies compared to alternatives such as Silicon detectors

< Low material budget O(0.5% X0/X)

< Robustness: aging and radiation hardness
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Micro Strip Gaseous Counter (MSGCs):
+ First MPGD invented in 1988 (Oed) for high rate

L)

K/
L X4

Cathode strips and anode strips on the same substrate

K/
L X4

pitch ~ 100 um => Excellent spatial resolution
« But suffers high discharge rate and aging issues =
challenging for use in real experiments

< Was used in a few experiments in the 1990s
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Overview of MPGDs over 25 years
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Figure 34 Electric field and equipotentials lines in the gas electron multiplier
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Gas Electron Multipliers (GEMSs)

= Thin, metal-clad polymer foil chemically perforated by a high density of holes (~100 /mm?) COMPASS Triple-GEM detector
= ~350 V across the Cu electrode creates a strong field in the hole leading to amplification v '“”'””-L’\fa’““'“ ot ot
= The ionization pattern is preserved by design with the E-field focusing the charges inside the holes ! \ p———

{ GEM fail

UNIQUE FEATURE

2 mim — Transler

1 GEM fail

|
= Charge amplification is decoupled from the charge collection = Multi-stage amplification L= o e
-

¢ Default: Triple-GEM detector 3 GEM foils for amplification =» High gain / low spark rate

2 mm - Transfer
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L — — — —

= More flexibility on the readout strip / pad segmentation and features
s Default: COMPASS X-Y strip readout, pitch = 400 um =» spatial resolution ~60 um
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Micro-Mesh Gaseous Structures (Micromegas)

= Two-stage parallel-plate avalanche chamber of small amplification gap

¢ Fine structure metallic mesh as amplification device

¢ Amplification in the (~100 um) gap between the mesh and the anode

Small gap, high field:

= fast movement of positive ions that are mostly collected on the mesh

= small space-charge accumulation and very fast signals

=> Resistive Micromegas to reduce sark rate and energy

E
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Resistive Micro Well Detectors (WRWELL)

The uNRWELL PCB is realized by coupling:

1. “Suitable WELL patterned Kapton foil as “amplification stage”

2. “Resistive stage” for discharge suppression & current evaéuation:
I. “Low rate” (LR) << 100 kHz/cm?: single resistive layer (~100 MQ/[)
ii. “High rate” (HR) >> 100 kHz/cm?: more sophisticated resistive scheme

3. astandard readout PCB with strip or pad readout
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Figure 9. Monitoring of the current drawn (in black)  Figure 10. Monitoring of the current drawn (in
by the single-GEM detector for different gas gain  black) by the u-RWELL detector for different gas
(in red). Discharge amplitudes as high as 1uA are  gain (in red). Discharges are quenched down to few
recorded at higher gains. tens of nA even at high gains.
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< Like Micromegas = Single amplification stage, no stretch
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< Like GEM = Same amplification device structure
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Tracking In NP and HEP experiments

Role of tracking detectors in NP and HEP experiments:
¢ Measure the trajectory of high energy charged particles

¢ Measure the momentum of the particle in a magnetic field
% Various tracking detector technologies

+* Silicon trackers

< Gaseous trackers Time Projection Chamber (TPC)
¢ Scintillator fiber trackers ...

Gaseous Trackers: // T
¢ Multi Wire Proportional Chambers (MWPCs) /' N %
¢ Drift Chambers (DCs) /”'r (DD
¢ Micro Pattern Gaseous Detectors (MPGDs) %
% Time Projection Chambers (TPCs) N v .
MPGD Tracker 2
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MPGD Trackers in NP experiments

CLAS12 uRWELL Forward Tracker (JLab) CLAS12 Micromegas Vertex Trackers (JLab)
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http IBossu Vandenbrddckendico.cern.ch event “?
29929%/contributions/5130363/attachments/256478
6/4421936/2022 MPGD CLAS12 .df:," =

But also:
% JLab: SBS GEMs, BoNuS radial
radial TPC, SoLID Moller GEMs
% BNL: STAR Forward GEM Trackers,
PHENIX HBD, sSPHENIX TPOT ...
< FRIB: Multi-layer thick GEMs
s EIC: Micromegas & URWELL barrel

trackers
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https://indico.cern.ch/event/1219224/contributions/5130361/attachments/2564842/4421491/20221212_KG_MPGD2022.pdf
https://i/
https://indico.cern.ch/event/1219224/contributions/5130363/attachments/2564786/4421936/2022_MPGD_CLAS12_Bossu_Vandenbroucke.pdf
https://indico.cern.ch/event/1219224/contributions/5130363/attachments/2564786/4421936/2022_MPGD_CLAS12_Bossu_Vandenbroucke.pdf

Applications in NP and HEP beyond tracking

MPGDs are also used in NP & HEP for non-tracking applications such as: (~ elD: GEM-based Transition Radiation Detector (EIC R&D) )

. . . Physics motivation GEM:TRI/T piiticiple GEM-TRD/T prototype
% single photon photosensor for Ring Imaging Cherenkov (RICH) O i —-u P Jicin
. P . . - | eder |
s Amplification device for Transition Radiation Detectors (TRDs) e e -
¢+ Fast timing device for Time of Flight (TOF) detectors - g
R - A 2
- ) - . - e chsters oTON e gas &‘g« e/m separation from one layer
¢ Position sensitive detectors for Digital Calorimeters S i - - RO S e &
) il ; ERE oo ]
% And many more ... - i
Readou 1
[ \ Conv.erting .standard GEM tracker into GEM-TRD . pion {Iectron ' :7
Single photon detector (COMPASS RICH @ CERN) S :
@ The new hybr'id THGEM+Micromggqs PDS ar/'? aaaaaaaaa \' Add radiator at the entrance window / drift cathode foil of the detector

Hybrid PD scheme

modular structure: one module = 600x300 mm?

\

/Fast timing for charged particles (MM-PICOSEC CoII.)\

ARy csl ................... Drift . o
e — PICOSEC Micromegas detector concept Prosic o
3mm Micromegas o
BEee e e e
11 1 0 4 L 3 Charged particle 9
Smm »
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= *  PICOSEC Micromegas (MM): precise timing gaseous detector based on a Cherenkov radiator coupled to a semi-transparent 0
photocathode and a MM amplifying structure ,‘
5 Grax— Gmin <59 «  Timing resolution: order of tens ps. w, (‘{)
6 st ° +  Cherenkov radiator: passage of relativistic charged particle creates UV photons. . i saot .
..... °

* Photocathode: conversion of UV photons into electrons. All the e” created at the same z position

* Preamplification region: preamplification of electrons in high drift field region (E,~20 - 40 kV/cm).
J * Amplification region: final electron amplification in high electric field (E, ~20-30 kV/cm).
+ Two component signal: fast electron peak (~ 600 ps) and slow ion tail (~ 100 ns).

Joi nt DO E / N I H Worksh o p _ 03 /15/23 K° Proof of concept: first single pad detector prototype ->time resolution below 25~ps.
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Applications beyond NP and HEP field

Muography with Micromegas: Scanning pyramids

4 2D readout Micromegas

Organized in 2 doublets to
optimize the angular
resolution and the
acceptance

Electronics box
PC + readout + HV

In gas and ambient T,P
sensors

Switching power supply
between 220V and battery

Premix T2K gas bottle

~

e g R

https://indico.cern.ch/event/581417/contributions/2556694/attachment

s/1464839/2265943/MPGD_2017_SB.pdf
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GEMPIx detector for Hadrontherapy application

GEMPix detector (8cm? GEM detector read by 55x55pum pixels, 262 000 channels )
- 2D measurements of energy released in IMRT (Policlinico Tor Vergata Roma)

6 MeV gamma

6 MeV gamma

(IMRT)

F. Murtas, G. Claps, D. Falco
CERN, INFN, PTV

https://indico.cern.ch/event/392209/contributions/1828216/attachment

An optimal agreement between GEMPix and gafchromic film is obtained
Real-time measurements with GEMPix allows fast Quality Assurance procedure

s/1291499/1923737/4 Fabrizio Murtas.pdf

e 2
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https://indico.cern.ch/event/581417/contributions/2556694/attachments/1464839/2265943/MPGD_2017_SB.pdf
https://indico.cern.ch/event/392209/contributions/1828216/attachments/1291499/1923737/4_Fabrizio_Murtas.pdf

Summary

»  MPGDs are mature detector technologies for applications in NP and HEP experiments
<«  Provide high rate, excellent spatial and timing resolution, large area and low cost capabilities
» Aging and radiation hardness and operation stability remain the focus of intense R&D effort

»  Exploration for applications outside particle physics and specially in medical instrumentation

Joint DOE / NIH Workshop - 03 /15/23 J)Qf_f-e'rson Lab
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Introduction to Micro Pattern Gaseous Detectors (MPGDs)

Multi Wire Proportional Chambers (MWPCs), Drift Chambers (DCs)

< Used for tracking of charged particles in Nuclear Physics (NP) and
High Energy Physics (HEP): Excellent spatial resolution

< But limited timing performance, counting rate capabilities, Aging and

operation stability issues

Micro Pattern Gaseous Detectors (MPGDs):
< @Goal 1s to overcome some of the limitation of MWPCs, DC ...
< Basic idea: Allow fast evacuation of the ions

< Reduce the ionization volume gap from O(cm) to O(mm)

MPGD technology combine:

X4

L)

L)

< Semiconductor industry technology i.e. photolithography, etching,
lift-off, coating, doping)

< with electron multiplication in gaseous media

%

Micro structures anode readout with micro-structure PCB patterns

S
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Micro Strip Gaseous Counter (MSGCs):

< First MPGD invented in 1988 (Oed) for high rate

+ Cathode strips and anode strips on the same substrate

« pitch ~ 100 um => Excellent spatial resolution

< But suffers high discharge rate and aging issues =
challenging for use in real experiments

< Was used in a few experiments in the 1990s
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Properties of MPGDs

« Rates capability: O(MHz / cm?)
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Integration of BoNuS in CLAS12 detector

Helium Snout
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BoNuS rTPC track reconstruction

3mm dead zone
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