
B.Satyanarayana, Tata Institute of Fundamental Research, Mumbai



B.Satyanarayana, Tata Institute of Fundamental Research, Mumbai

Georges Charpak (1924ï2010)

The Nobel Prize in Physics 1992 was awarded to 

Georges Charpak "for his invention and development 

of particle detectors, in particular the multi-wire 

proportional chamber".

ñThe discoveries of the W and Z bosons at CERN, the 

charm quark at SLAC and Brookhaven and the top 

quark at Fermilab would not have been possible 

without this type of detector, and current research in 

high energy physics continues to depend on these 

devicesò.



Detectors aided major discoveries
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× Crookes Tubes: Sir William Crookes (1869-75)

× Cloud chamber: Charles Thomas Rees Wilson (1894), Nobel Prize in Physics (1927)

× Electron: J.J.Thomson (1897) using Crookes Tubes

× ñGold foil apparatusò:  Hans Geiger & Ernest Marsden (1909)

× Proton: E.Rutherford (1911) using ñGold foil apparatusò

× Photon: A.Compton (1923)

× Neutron: J.Chadwick (1932)

× Positron: C.Anderson (1932)

× Muon: C.Anderson & S.Neddermeyer (1937)

× Neutral Kaon: G.Rochester & C.Butler (1947) using cloud chamber triggered by Geiger counters

× Charged Pion: C.Powell (1947) using photographic emulsions carried aloft by balloons

× Lambda: (1947)

× Neutral Pion: R.Bjorkland (1949)

× Bubble chamber : D.Glaser (1952), Nobel Prize in Physics (1960)

× Synchrotron: (1952)

× Xi minus: R.Armenteros (1952)

× Sigma plus: G.Tomasini (1953) using emulsion technique

× Sigma minus: W.Fowler (1953)

× Antiproton: W.Segrè (1955)

× Antineutron: B.Cork (1956) 

× MOS transistors: Kahng & Atalla (1960), electronic counters

× Multi-Wire Proportional Counter:  G.Charpak (1968), Nobel Prize in Physics (1992)

× Time Projection Chamber: D.R.Nygren  (1974)

× Charm quark: SLAC & BNL collaborations (1974)

× Super Proton  Synchrotron: John  Adams et al (1976)

× Stochastic cooling: Van der Meer, Nobel Prize in Physics (1984)

× Large area (20ò) PMT: Hamamatsu (1980)

× Resistive Plate Chamber: R.Santonico (1981)

× W & Z bosons: UA1 and UA2 collaborations (1983)

× Micro Strip Gas Chamber:  A.Oed (1988)

× Top quark: D0 & CDF collaborations (1995)

× Gas Electron Multiplier: F.B.Sauli (1996)

× Neutrino oscillation: Super-Kamiokande Collaboration (1998)



Tasks of HEP detectors
× Tracking detector: Direction, sign and momenta of the particles. Often aided by 

magnetic field.

× Electromagnetic calorimeter: Energy carried by electrons and photons. Signals 

proportional to the energy of the incident particles.

× Hadronic calorimeter: Energy carried by hadrons (protons, pions and neutrons).

× Muon system: Muons are charged particles that penetrate large amounts of matter, 

loosing little of their energy. Essentially made of tracking detectors.

× Particle identification: Identification of charged and neutral particles. Charged particles 

are identified by combining momentum information with Time-Of-Flight, energy loss 

dE/dx, Ļherenkovor transition radiation.

× Displaced vertex: B-, D- or -tagging achieved with high spatial resolution detectors.

× RICH detector: Determines the velocity of a charged particle

× Transition radiation detector: Uses the ɔ-dependent threshold of transition radiation in a 

stratified material

× Time of flight detector: Discriminates between a lighter and a heavier particle of the 

same momentum using their time of flight between two detector planes.

× Neutrinos: Detected through inferred momentum conservation.

× Dark matter: Principle of nuclear recoil by candidate particles (mainly WIMPs)
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Classification of HEP detectors
× Non-electronic detectors

Á Emulsions, cloud chamber, bubble chamber

× Gaseous detectors

Á GM, SWPC, MWPC, PMD, drift chamber, TPC, MSGC, GEMs, streamer tube, 

spark chamber, PPAC, RPC, CSC (Types: wired, micro-pattern, wire-less)

× Scintillation detectors

Á Organic (crystals, liquids, plastics, extruded), inorganic crystals, gas, glass

× Silicon detectors

Á Strip, pixel, readout integrated

× Photo detectors

Á PMT, PD, APD, VLPC, SiPM

× Liquid ionisation detectors

Á Scintillator, Argon, Xenon

× Hybrid detectors

Á HPD, LArTPC
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On-detector,  high-speed, 
ultra low-noise front-end 

ASICs

Novel data acquisition 
system architectures, 

pipelines and data links

High performance flash 
ADCs, multi-hit TDCs, 

DSPs, FPGAs

Field programmable, 
complex, multi-level, 

trigger schemes

Aided by rapid, 
concurrent  

developments in 
detector readout 

technologies



Gas proportional counters
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SWPC

MWPC

KGF counters

UA1 detector



Features of wire chambers

B.Satyanarayana, TIFR, Mumbai                    XIX DAE-BRNS High Energy Physics Symposium, LNMIIT, Jaipur                    December 13-18, 2010 7

Advantages Disadvantages

Excellent time resolution Parallax problem

Large active areas, volumes and custom shapes are relatively 

easy to build
Elaborate electronics and gas systems, expensive

High dynamic range Electrostatic instability limits the stable wire lengths

Excellent energy resolution S/N limited by photon statistics

2/3 dimensional localisation of incident radiation Widths of induced charges define the pad response function

Spatial resolution of few hundred ɛm
Wire spacing limits position accuracy, two track resolution to 

~2mm

Rate capabilities of a few kHz/mm2 Limited flux capability, accumulation of positive ions restrict 

the rate capabilities



Micro Strip Gas Chamber (MSGC)
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× A pattern of thin anodes and 

cathode strips on a insulating 

substrate with a pitch of a few 

hundred ɛm.

× Electric field setup from a drift 

electrode above.

× Removes positive ions from the 

vicinity of avalanches.

× High rate capability; two orders of 

magnitude higher than MPWC, 

~30ɛm position resolution.

× Streamer to gliding discharge 

transition damages strips.

× Advances in photolithography and 

application of silicon foundry 

techniques heralded a new era in 

the design and fabrication of ñMicro-

pattern detectorsò
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New micro pattern era
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Micro-needle chamber 

× Successfully used to emit 

electrons towards the phosphor 

screen in high vacuum, for the 

purpose of creation of the flat TV 

screens.

× No observable gas gain due to 

fine needles (<<1ɛm) and small 

amplification region.

Micro-dot chamber

× Ultimate gaseous pixel device with 

anode dotes surrounded by cathode 

rings, on 4ò Si wafers. 

× Anode  2 ï20ɛm, cathodes 20 -

40ɛm. Anode cathode gap is 75ɛm.

× Very high gains (~106). 

× Does not discharge up to very high 

gains.



Next generation pattern detectors
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Micro-Megas

× Very asymmetric parallel plate chamber. 

Uses the semi-saturation of the 

Townsend coefficient at high fields 

(100kV/cm) in several gas mixtures, to 

ensure stability in operation with MIPs. 

× Electrons drifting from the sensitive 

volume into the amplification volume with 

an avalanche in the thin multiplying gap.

× Provides excellent energy resolution.

Compteur a Trous (CAT)

× A narrow hole micro-machined in an 

insulator metallised on the surface as the 

cathode. 

× Anode is the metal at the bottom of the 

hole.

× Removing the insulator leaves the 

cathode as a micro-mesh placed with a 

thin gap above the readout electrode.

× Gains of several 104 usually obtained.



Gas Electron Multipliers (GEMs)
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× Manufactured using standard printed circuit 

wet etching techniques.

× Comprise a thin (~50ɛm) Kapton foil, 

double-sided clad with copper and holes are 

perforated through.

× Two surfaces are maintained at a potential 

gradient; providing field for electron 

amplification and an avalanche of electrons.

× When coupled with a drift electrode above 

and a readout electrode below, it acts as a 

micro-pattern detector.

× Amplification and detection are decoupled, 

i.e. readout is at zero potential. This permits 

transfer to a second amplification device and 

can be coupled to another GEM.



Other micro-pattern detectors
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× Many more detectors were developed using the 

GEM concept, such as:

Á Micro-Wire (ɛDOT in 3-D)

Á Micro-Pin Array (MIPA)

Á Micro-Tube

Á Micro-Well

Á Micro-Trench

Á Micro-Groove

× Studies have shown that discharges in the 

presence of highly ionising particles appear in 

all micro-pattern detectors at gains of a few 

thousand.

× Can obtain higher gains with poorly quenched 

gases (lower operating voltage and higher 

diffusion)

Á Lowers charge density

Á Lowers photon feedback probability

× Safe operation of a combination of an MSGC 

and a GEM has been demonstrated up to gains 

of ~10000s.



Current trends and directions
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Scintillation light imaging 
× A novel application was developed by integrating a MSGC in 

a gas proportional scintillation counter (GPSC).

× A reflective CsI photocathode was deposited on the micro-

strip plate surface of the MSGC that serves as the VUV photo 

sensor for the scintillation light from Xenon GPSC.

Ļherenkovring imaging
× Very high gains observed with cascade of four GEMs and 

using pure ethane as the operating gas.

Mass production of GEMs 
× 3M Microinterconnect Systems Division Reel-to-reel process, 

rolls of 16ôx16ô templates of detachable GEMs in any patterns.

What is a LEM?
× A large scale GEM (x10) made with ultra-low radioactivity 

materials (OFHC copper plated on Teflon).

× In-house fabrication using automatic micro-machining.

× Modest increase in V yields gain similar to GEM.

× Self-supporting, easy to mount in multi-layers.

× Extremely resistant to discharges (lower capacitance).

× Adequate solution when no spatial info needed.

× Copper on PEEK under construction (zero out-gassing).



Birth of the RPC
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× Spark Counters

Á Planar metal electrodes.

Á Streamer mode, leading to conducting 

plasma filament connecting two 

electrodes.

Á Rapidly growing anode current is the 

signal - large and very fast.

Á Small detector areas, large dead time.

× Parallel Plate Avalanche Counters 

(PPACs)

Á Avalanche mode, increased rate 

capability, good time resolution.

Á External amplification.

× Pestov Counters

Á Narrow gap, ultra high fields 

(500kV/cm), high pressure (12 bar).

Á Excellent time resolution, 25ps.

Á Demands good surface finish of 

electrodes.
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Application driven RPC designs

B.Satyanarayana, TIFR, Mumbai                    XIX DAE-BRNS High Energy Physics Symposium, LNMIIT, Jaipur                    December 13-18, 2010 15

Multi gap RPC

Double gap RPC

Micro RPCHybrid RPC

Single gap RPC


