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Outline

❖ Large Detector System in Particle Physics Experiments

❖ Overview of Micro Pattern Gaseous Detectors (MPGDs)

❖ Some Personal Opinions on Detector Development in Africa
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Introduction to Jefferson Lab

JLab’s Radiation Detector & 

Imaging Group:

Explore new methods and 

technologies in supporting 

detector development for the 

experimental nuclear physics 

program at Jefferson Lab.

The Group also seeks 

opportunities to apply its 

resources to more immediate 

societal needs

Jefferson Lab is partner of 

BNL for the Electron Ion 

Collider and specially playing 

a leadership role in many 

aspect of EIC detector 

subsystems
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Example of Detector in Particle Physics Experiments

ePIC: The Electron Ion Collider (EIC) Detector 
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ePIC Detector Subsystems 

ePIC Detector:

❖ Subsystems: Tracking, PID, 

Calorimetry, Forward and 

Backward Detectors…

❖ Each subsystem: different 

detector technologies i.e (Silicon, 

MPGDs for tracking, Time Of 

Flight, Cerenkov for PID …

Other systems 

❖ Muon Detectors like in 

LHC experiments ,,,



6

Micro Pattern Gaseous Detectors
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Basic Principle of Gaseous Detectors in Particle Physics
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Evolution of Gaseous Trackers: From Wires to Micro Holes

Multi Wire Proportional Chambers (MWPCs) - Charpak; Nobel Prize 1992

G. Charpak

F. Sauli

Performances of MWPCs:

❖ Fast Position Sensitive Devices

❖ “High” rate, Sub mm position accuracy

❖ Drift chambers as a variation of MWPCs

Limitation of MWPCs

❖ Limited multi-track separation: 

mechanical instabilities due to 

electrostatic repulsion  - critical 

length  of about 25 cm for 10µm 

wires and 1mm spacing

❖ Fast gain drop at high fluxes: 

field-distorting space charge 

accumulation  due to the long time 

taken by the ions to clear the 

region of multiplication

❖ Aging: permanent damage of the 

structures after long exposure to 

radiation 

Development of Micro Pattern Gaseous Detectors (MPGDs)

❖ Overcome rate limitation of the MWPCs ⇨ fast ions evacuation allow 

higher rate capabilityes

❖ Semiconductor technology: Photolithography, Etching, Lift-off, 

Coating, Doping, …

Pioneer: Micro Strip Gaseous Counter (MSGCs) [Oed (1988)] : 

❖ Cathode strips and anode strips on the same substrate 

❖ pitch ~ 100 μm ➩ Excellent spatial and high rate capability

❖ But high discharge rate ⇨ impossible to operate in real experiment
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GEM – Gas Electron Multipliers

❖ Thin, metal-clad polymer foil chemically perforated by a high density of holes, typically 100/mm2

❖ Voltage of ~ 350 V across the Cu electrode creates a strong field in the hole leading to amplification

❖ The ionization pattern is preserved by design with the E field focusing the charges inside the holes

❖ UNIQUE FEATURE: Charge amplification is decoupled from the charge collection 

➩Allow multi-stage amplification 

E Field lines 

F. Sauli, NIMA A386 (1997) 531

Copper
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SEM picture of a GEM foil

Zoom view of a GEM hole
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Micromegas - Micro Mesh Gaseous Structures

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

❖ Fine structure metallic mesh as amplification device  

❖ Amplification in the (~100 μm) 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

⇨ Gap around 100 µm: small gap 

variations compensated by an 

inverse variation of 

amplification factor

⇨ i.e. good uniformity and stability 

of response over a large area.
Y. Giomataris, Nucl. Instr. and Meth.  

A419 (1998)
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µRWELL – Resistive Micro Well Detectors

G. Bencivenni et al.; 2015_JINST_10_P02008

The µRWELL PCB is realized by coupling:

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

2. “Resistive stage”  for discharge suppression & current evacuation:

i. “Low rate” (LR) << 100 kHz/cm2:  single resistive layer (~100 M/)

ii.“High rate”  (HR) >> 100 kHz/cm2: more sophisticated resistive scheme

3. a standard readout PCB with strip or pad readout

❖ Like Micromegas ➩ Single amplification stage, no stretch

❖ Like GEM ➩ Same amplification device structure 
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Rich Family of MPGD technologies

Angelini F., NIMA 335:69 (1993)

Micro Gap Chambers

B. Adeva et al., NIMA 435 (1999) 402

Micro Wire Chamber

R. Bellazzini , NIMA 424 (1999) 444

Micro Groove

Biagi SF, Jones TJ. NIM A361:72 (1995)

MicroDot

Ochi et al NIMA 471 (2001) 264 

m-PIC

R. Bellazzini, NIMA 423 (1999) 125

MicroWELL

Micro Gap Wire Chamber

NIMA 398 (1997) 195

Thick GEM (THGEMs)
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MPGDs in HEP experiments – Examples @ LHC

COMPASS (GEM, micromegas)
TOTEM (GEM)

LHCb (GEM)

CAST (micromegas)

NA48 (micromegas)

DIRAC (MSGC-GEM)

LHC

LHC

COMPASS (GEM, TGEM, micromegas upgrade)

LHC

ATLAS (micromegas)

LHC

CMS (GEM)

ALICE (GEM)

GLACIER (LEM)

CAST (InGrid)

LHC

LHC

LHCb (GEM / µRWELL)

E. Oliveri, PH Detector Seminar – MPGD, 04/11/2016

HL-LHC upgrade

❖ ATLAS NSW– Micromegas

❖ CMS Muon chambers – GEM 

❖ ALICE TPC - GEM readout

❖ LHCb – GEM / µRWELL

But also:

COMPASS – GEM 

CAST – Micromegas … 
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MPGDs in NP Experiments – Examples @ Jefferson Lab

SBS Front Tracker layer

Front Tracker (FT): Track of the recoil protons 6 GEM layers 

Back Tracker (BT): Polarimetry of the recoil protons 10 layers

Total production of ~ 60 large GEM modules

GEMs for Super Bigbite Spectrometer (SBS) in Hall A
Micromegas for CLAS12 (Hall B, JLab)

Past experiments: BoNUS, PRad in the past

Future Experiments: SoLID, MOLLER, TDIS, BoNUS12, DarkLIGHT …

MVT: Central and Forward Tracker

Hall A: 

❖ SoLID GEM

❖ Super BigBite – GEM

❖ MOLLER – GEM

HALL B:

❖ CLAS12 - Cyl Micromegas 

(central tracker) µRWELL 

(forward Tracker update

❖ BoNUS - GEM

…
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MPGDs outside HEP / NP – Medical Applications

https://indico.cern.ch/event/757322/contributions/3402727/attachment

s/1840414/3017725/bortfeldt_190508.pdf

Micromegas for Ion Computed Tomography GEMPix detector for Hadrontherapy application

https://indico.cern.ch/event/392209/contributions/1828216/attachments/1291499/1923

737/4_Fabrizio_Murtas.pdf

https://indico.cern.ch/event/757322/contributions/3402727/attachments/1840414/3017725/bortfeldt_190508.pdf
https://indico.cern.ch/event/392209/contributions/1828216/attachments/1291499/1923737/4_Fabrizio_Murtas.pdf
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ScanPyramids: Muography of Pyramid with Micromegas

S. Procureur , https://doi.org/10.1016/j.nima.2017.08.004

MPGDs outside HEP / NP – Example of Application in Africa

Muography / Muon Tomography:

❖ Imaging of large structures such as pyramids based on 

cosmic ray muon scattering or transmission 

MPGD trackers

From wikipedia

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwxrOInPXXAhXIXhoKHVV3ApgQjRwIBw&url=https://www.express.co.uk/pictures/pics/16596/Giza-Facts-About-Pyramids-Prove-Advanced-Ancient-Technology&psig=AOvVaw2GpA9DETKJUGq-3-dgSiDA&ust=1512643961325909
https://doi.org/10.1016/j.nima.2017.08.004
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Some personal opinions
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How do you get an MPGD detector in hand

❖ You can not purchase a GEM or Micromegas or µRWELL module from a commercial vendor

❖ These technologies don’t have firm application outside the particle physics community to actract the interest of companies

❖ You will have to fabricate your device your self (in your detector lab)

❖ All examples I showed are detectors assembled in clean room in Universities detector labs or in HEP / NP labs like CERN,

JLab, BNL or CEA Saclay …

❖ This provide another path to institutions to contribute to large scale particle physics experiments (besides Physics analysis /

Simulation studies

❖ Detector R&D should be part of African institutions strategies to participate in international collaboration (ASFAP, ASP …)
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What do you need for an MPGD Development Lab

❖ Mechanical stretching device

❖ HV Test N2 Gas box

❖ Picoammeter

❖ Ultrasonic bath

❖ Wiener MPOD High Voltage

Class 1000 Clean Room and dedicated equipment for the assembly of MPGD detectors
Detector Test lab

❖ Characterization of the detectors after

assembly

❖ R&D on new structures or technologies

Typically, you will need

❖ cosmic telescope stand

❖ Sources (55Fe, 90Sr …)

❖ Multichannel readout system

And enthusiast army detector physicists

❖ Master / Grad students

❖ Ph D / Post doctoral students

❖ Senior scientists to supervise the actibities
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How is this relevant for Africa

❖ I think Detector Physics and Detector Development (R&D) … are valued in the conversation when we are talking about sciences and

Physics in for Africa

❖ It is crucial to train young African students on the detector technologies they will be confronted to in HEP / NP experiments that they going

to participate in

❖ Detector technologies open the door to skills and opportunities beyond the narrow scope of academia and particle physics.

❖ Many of detectors we used in these experiments also find application in other field i.e. medical instrumentation

❖ This should fit in the SubWG IV “Infrastructure” of ASFAP program (See M. Chabab talk)

❖ I am interest in get the discussion going started with the conveeners of this WG and integrate this field of particle physucs in the

LRP of the ASFAP
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In ASFAP Framework!

o Detector R&D

o Detector Development Lab

o Test beam facilities?

o Training and outreach programs
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Community Outreach & Education

Telescope program by Beninese diaspora in the US
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Summary

❖ Detector development & Detector R&D are crucial ingredient of any large-scale particle physics experiments

❖ Many of the detectors used in these experiment are cutting edge technologies requiring innovative approach to address the challenges

imposed by ever ambitious physics programs

❖ African University and institutions should invest in the detector R&D infrastructures and activities and gives opportunity to youn generation

to play their part in this field of physics

❖ It is exciting to build your customized detector and make it work later in your experiment

❖ ASFAP has a role to play a leadership role to bring this field into the framework of activities that it is aiming at promoting.

❖ We all have to contribute to succeed in this area


