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Brief history of Gaseous Detectors
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Spark Chamber
S.Fukui, S.Miyamoto  

(~1958) 

MWPC (1968) 
G.Charpak

Nobel prize 1992

Drift Chambers

Time 
Projection 
Chambers
D.Nygren 
(1970s) 

Micro-Pattern Gas Detectors
● MSGC
● MicroMegas
● GEM
● GridPix

Ionisation chamber (~1890)

Geiger-Muller tube (1908))

Proportional Counter (~1930)

MicroMegas detector
I.Giomataris (1996)

GEM detector
F.Sauli (1997)
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Micro-Pattern Gaseous Detectors (MPGDs)
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● High rate capability → Up MHz/mm2 (MIPs)
● High gain → Up to ~106

● High spatial resolution → < 100μm
● Good time resolution → ~ns in general

○ Excellent in cases→ < 100 ps
● Excellent radiation hardness
● Good ageing properties
● Ion backflow reduction
● Photon feedback reduction
● Large volume/area → tenths of L / m2

● 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
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Maksym Titov, 
Conference Summary, 
5th International 
Conference on 
Micro-Pattern Gas 
Detectors 
(MPGD2017), Temple 
University, Philadelphia

Adapted from E.Oliveri
ECFA Detector R&D 2021
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MPGDs in CERN experiments
MPGDs have been chosen for all LHC upgrades

-mostly for muon systems- 

From M.Titov
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The RD51 collaboration - CERN  
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~ 450 authors, 75 Universities and Research Laboratories from 25 
countries in Europe, America, Asia and Africa

Members from the UK
10 members, 3 institutes
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Gaseous Detectors  
don’t stop with 
MPGDs

https://indico.cern.ch/event/999799/
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R&D in the UK
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Gas is the target for νs to scatter and the detection 
medium for the interaction’s final state particles

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

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

Different gas mixture can be used for different 
physics experiment. Example: Hydrogen rich targets 
for new data of ν-H scattering.

High pressure TPC with optical readout for ν-physics
Towards a neutrino-nucleus cross section experiments 

Advantages: 
● Coverage of the full solid angle and low momentum threshold for particle 

detection. 
● 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 ν-beam 
with the gas atoms / molecules

● A gas TPC can be easier magnetised than a liquid one
● Exchanging the gas and thus the target inside a TPC allows for a rich physics 

program measuring scattering on gas atoms

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

mailto:i.katsioulas@bham.ac.uk
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Goal: Obtain the best possible electron/nuclear recoil 
separation capability and directionality at  ~20-40 mbar.
TPC characteristics: 

● Read out with criss-crossing wires.
● Use negative ions to reduce diffusion and 

fine-grained. longitudinal information for estimating 
track direction.

● Use minority carriers for z-fiducialization (e.g., O2
- ).

R&D towards a DDM observatory: 
● Replace CS2 by SF6 mixtures (works in pure gas since 

SF5
- allows event fiducialization, and higher number of 

F-atoms),
● Multiplication in SF6 more difficult due to higher 

electron affinity.
● Requires developing new amplification structures!

DRIFT (part of the global CYGNUS effort for directional Dark Matter detection)
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Optical Time Projection Chamber for the observation 
of the Migdal effect in nuclear scattering

Atomic effect predicted by 
A. Migdal in 1939  

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) 

Simulated Migdal event 
in 50 Torr CF4 using  
DEGRAD, SRIM and 
Garfield++ 

We are seeking the first observation of the Migdal effect by detection of 
the Migdal electrons in CF4- based gas mixtures including noble gases. 

mailto:i.katsioulas@bham.ac.uk
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MIGDAL O-TPC and Glass-GEM applications
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Τ.Fujiwara’s 
presentation

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

Not only application in 
Physics research !

● X-ray imaging
● Medical imaging 
● Neutron detection

mailto:i.katsioulas@bham.ac.uk
https://indico.fnal.gov/event/23774/contributions/73832/attachments/46150/55478/fujiwara.pdf
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https://doi.org/10.1016/j.nima.2013.04.089
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NEWS-G and the Spherical Proportional Counter

r
A
 = anode ball  radius

r
C
 = cathode radius 

JINST 3   (2008) P09007
JINST 15 (2020) P11023 

C≈ ra= 1 mm < 1pF

Central sensor is key 
(years of evolution!)

ACHINOS (new version)

Adaptative field (high enough field both close 
and far from the anode)

field degrader

● Large volume read out with a small 
number of channels

● Single electron threshold due to:
○ Low capacitance
○ High gain

● Radio-pure construction 
● Background rejection handles
● Flexible operation

○ Swappable gases-targets
○ Variable pressure choice

Ideal for rare-event searches! DM, 2β0ν, CEvNS

ACHINOS (v.1)

UG Electroformed layer

DLC

mailto:i.katsioulas@bham.ac.uk


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

Spherical Proportional Counter - Spin offs
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R2D2 (Rare Decays with a Radial Detector) 
An R&D project investigating the use of a Xenon filled 
SPC to search for 0νββ
JINST 13 (2018)  P01009
JINST 16 (2021) 03, P03012

Goal: demonstration of the required energy 
resolution to search for 0νββ can be achieved (1% 
FWHW at Qββ of 2.458 MeV)

NEWS-G G3
Starting 2022

SPC for CEvNS physics in reactors
● Beyond Standard Model: 

○ Measurement of a non-zero neutrino 
magnetic moment

○ Search for sterile neutrinos.

● Monitoring reactor neutrino fluxes
● Study of reactor anti-neutrino energy spectrum, 

below the Q-value of the inverse beta decay 
process

Fast neutron detection with a N2-filled SPC

● Alternative to 3He for fast neutrons
● Simple Safe Robust
● Measurements started at UoB and 

Boulby UG lab
● Principle proved

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

Blue: Thermal neutrons
Red: Fast neutrons

mailto:i.katsioulas@bham.ac.uk
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https://inspirehep.net/literature/1409579
https://nssmic.ieee.org/2019/
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✔ 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

NIM-A 903(2018) 317-325

PICOSEC Micromegas for precise timing

Single-pad Multi-pad 10x10 cm2

MOTIVATION:
• Mitigation of pile-up in present and future 

colliders
• Extended TOF systems 

24ps time resolution

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 
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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 
on RD51 timing telescope in beam @ H4/SPS

Sharing of tools (modelling): LGAD (Si) & MicroMegas 
(gas) almost identical concept/signal formation

AC LGAD with 
resistive layer

AC mm with 
resistive layer

Adapted from E.Oliveri
ECFA Detector R&D 2021
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Summary
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● Gaseous detectors are a very versatile with 
numerous advantages, behind numerous great 
discoveries in Physics

● Gaseous detector development capabilities opens 
up numerous physics applications in a very diverse 
set fields 

● Gaseous detectors greatly complement other 
detector technologies developed in the UK

● Gaseous detectors can bring down the cost of 
physics projects in many cases

● R&D on gaseous detectors is relatively low cost
● Funding opportunities at the level of 10-100k£ 

would have a major impact

Physics Briefing Book 2020 
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Extra slides
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From M.Titov
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