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 MPGD TWO: GASEOUS DETECTORS - 1MWPC

 

-V0

-V0

GND

G. Charpak et al, Nucl. Instr. and Meth. 62(1968)235 

MULTIWIRE PROPORTIONAL CHAMBER
Georges Charpak (1967)
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 MPGD TWO: GASEOUS DETECTORS - 2LARGE MWPC

Charpak
Sauli

Santiard

PROTOTYPE FOR THE SPLIT FIELD MAGNET DETECTOR (1972):
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 MPGD TWO: GASEOUS DETECTORS - 3MWPC CONSTRUCTION

G. Charpak et al, Nucl. Instr. and Meth. 97(1971)377

R. Bouclier et al, 
Nucl. Instr. and Meth. 115(1974)235 

TICK FRAMES:

THIN FRAMES ON HONEYCOMB PLATE:

20 µm wires at 2 mm pitch
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 MPGD TWO: GASEOUS DETECTORS - 42-DIMENSIONAL MWPC READOUT

CENTER OF GRAVITY OF CATHODE INDUCED CHARGES

! 

X =
Xi Ai (X)

A(X)
"

! 

Y =
Yi Ai (Y )

A(Y )
"

G. Charpak and F. Sauli, Nucl. Instr. and Methods 113(1973)381
E. Gatti et al, Nucl. Instr. and Meth. 163(1979)83

Two-dimensional coordinate readout:

Xi, Yi: Coordinates of the strips 
Ai(X), Ai(Y) : Charge on strips
A(X), A(Y): Total charge
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 MPGD TWO: GASEOUS DETECTORS - 5MEDICAL IMAGING

REGIONAL UPTAKE OF
DEOXYGLUCOSE  IN A DOG’S HEART

M. G. Trivelli et al, 
Cardiovascular Res. 26(1992)330

BETA RADIOCHROMATOGRAPHY:
ANATOMICAL SAMPLES LABELLED
WITH A BETA-EMITTER MOLECULE

E. Tribollet et al, 
Proc. Natl. Acad.Sci.USA 88(1991)1466 
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 MPGD TWO: GASEOUS DETECTORS - 6DRIFT CHAMBERS

MWPC WITH A FIELD-SHAPING WIRE BETWEEN
ANODES, TO AVOID LOW-FIELD REGIONS

A. H. Walenta, J. Heintze and B. Scürlein, Nucl. Instr. and Meth. 92(1971)373 

SPACE-TIME CORRELATION
(RIGHT-LEFT AMBIGUITY): 
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 MPGD TWO: GASEOUS DETECTORS - 7DRIFT CHAMBERS

HIGH ACCURACY DRIFT CHAMBERS 

~ 70 µm

A. Breskin, G. Charpak, F. Sauli…
Nucl. Instr. and Meth. 124(1975)189

- Uniform field
- Saturated drift velocity
- Low diffusion gas
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 MPGD TWO: GASEOUS DETECTORS - 8IMAGING DRIFT CHAMBERS

H. Drumm et al, Nucl. Instr. and Meth. 176(1980)333 

JET CHAMBER (DESY)
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 MPGD TWO: GASEOUS DETECTORS - 9IMAGING CHAMBER

t1 t2
t3

D.R. Nygren and J. N. Marx, 
Physics Today No.31 Vol. 10(1978)

TIME PROJECTION CHAMBER (TPC) 

D. Nygren (1975)

X-Y projection: charge sharing on pad rows
Z: Drift time

ALEPH TPC AT LEP 
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 MPGD TWO: GASEOUS DETECTORS - 10TPC

3-D RECONSTRUCTION OF TRACKS 

PARTICLE IDENTIFICATION FROM dE/dx
185 samples measured in A-CH4 at 8.5 bars

PEP-4 TPC AT SLAC
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 MPGD TWO: GASEOUS DETECTORS - 11WORLD LARGEST TPC

Inner/Outer radius: 845/2466 mm
Drift length: 2x2500 mm   557568 readout pads

ALICE AT LHC 
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 MPGD TWO: GASEOUS DETECTORS - 12VERY LARGE TRACK MULTIPLICITY

B. Mota et al, Nucl. Instr. and Meth. A535(2004)500 

ALTRO:PROGRAMMABLE DIGITAL FILTER

• ion tail cancellation
• baseline restoration
• common mode subtraction
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 MPGD TWO: GASEOUS DETECTORS - 13MWPC INTRINSIC LIMITATIONS

X-Y PROJECTION: WIDE INDUCED CHARGE PROFILE

0 4 8   mm-4-8

8 mm

0 100 200 300 400 500

q(t)

300 ns

100 ns

50 ns

DRIFT TIME RESOLUTION: POSITIVE ION TAIL CANCELLATION AND OVERSHOOT

ΔX, ΔY ~ 10 mm

ΔT ~ 100 ns     ΔZ ~ 5 mm

VOLUME RESOLUTION
ΔV ~ 0.5 cm3 

TWO-TRACK RESOLUTION:

g
~ g
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 MPGD TWO: GASEOUS DETECTORS - 14MWPC LIMITATIONS: SPACE CHARGE

anode cathode

field

POSITIVE IONS ACCUMULATION: 
FIELD DISTORTION

RATE DEPENDENCE OF GAIN:

MWPC 
1 mm spacing

G. Charpak et al, Nucl. Instr. and Meth. 124(1975)183
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 MPGD TWO: GASEOUS DETECTORS - 15MWPC LIMITATIONS: AGING

J. Kadyk,
Nucl. Instr. and Meth. A300(1991)436

R. Kotthaus, Nucl. Instr. and Meth. A252(1986) 531

M. Binkley et al, Nucl. Instr. and Meth.A515(2003)53

EXAMPLES OF ORGANIC POLYMERS AND SILICON
COMPOUNDS DEPOSITS IN MWPC
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 MPGD TWO: GASEOUS DETECTORS - 16RAETHER LIMIT IN MWPC

Q=103x104=107 

P. Giubellino et al, Nucl. Instr. and Meth. A245(1986)155 

MAXIMUM GAIN: PRODUCT OF CATHODE AND ANODE AVALANCHE MULTIPLICATION

ANODE
normal avalanche

CATHODE
reverse avalanche

EQUAL GAIN
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 MPGD TWO: GASEOUS DETECTORS - 17MSGC

MICROSTRIP GAS CHAMBERS (MSGC)

ANODE STRIP

CATHODE STRIPS

DRIFT ELECTRODE

A.Oed,  Nucl. Instr. and Meth. A263(1988)351

A. Oed (1988)

THIN METAL STRIPS ETCHED ON GLASS

200 µm
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 MPGD TWO: GASEOUS DETECTORS - 18MSGC PERFORMANCES

TWO-TRACK RESOLUTION

RATE CAPABILITY
MSGC on high-resistivity glass:

A. Barr et al, Nucl. Instr. and Meth. A392(1997)99
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Strip number (200 µm pitch)

MSGC Beam Event BW
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µm
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~ 350 µm
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 MPGD TWO: GASEOUS DETECTORS - 19MSGC PROBLEMS

COMPUTED EQUAL GAIN LINES:

DISCHARGE DAMAGES SECONDARY EMISSION FROM CATHODE STRIP
EDGES

R. Bouclier et al, 
Nucl. Instr. and Meth. A365(1995)65
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 MPGD TWO: GASEOUS DETECTORS - 20MSGC AGING

MSGS AGING: EXTREME SENSITIVITY TO POLLUTANTS

R. Bouclier et al, Nucl. Instr. and Meth. A348(1994)109

10 µC ~ 108 MIPs
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 MPGD TWO: GASEOUS DETECTORS - 21NEW MICROPATTERN GAS DETECTORS

MICRO-GAP CHAMBER MICRO-GROOVE CHAMBER

R. Bellazzini et al, Nucl. Instr. and Meth. A424(1999)444R. Bellazzini et al, Nucl. Instr. and Meth. A335(1993)69 

FIELD GRADIENT LATTICE DETECTOR (FGLD)

L.Dick et al L.Dick et al NuclNucl. . InstrInstr. and . and MethMeth. A535(2004)347. A535(2004)347

MICRO-PIXEL CHAMBER

A. Ochi et al, A. Ochi et al, NuclNucl. . InstrInstr. and . and MethMeth. A471(2001)264. A471(2001)264
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 MPGD TWO: GASEOUS DETECTORS - 22MICROMEGAS

THIN GAP PARALLEL PLATE AVALANCHE CHAMBER

Y. Giomataris et al, Nucl. Instr. and Meth. A376(1996)29

50-100 µm

MICRO MEsh GAseous Structure
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 MPGD TWO: GASEOUS DETECTORS - 23GEM

GAS ELECTRON MULTIPLIER

F. Sauli, Nucl. Instrum. Methods A386(1997)531

50 µm

10-150 µm

Holes pattern on Cu-plated polymer 50 µm thich

80 µm Ø holes at 140 µm pitch
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 MPGD TWO: GASEOUS DETECTORS - 24TWO-TRACK RESOLUTION

100 µm strips

230 µm

MICROMEGAS CLUSTER SIZE:  

J. Derré et al, 
Nucl. Instr. and Meth. A459(2001)523 

MICROMEGAS

100 µm

FAST ELECTRON SIGNALS WITH SLOW ION TAIL:

GAP DEPENDENCE OF FAST SIGNAL:
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 MPGD TWO: GASEOUS DETECTORS - 25ENERGY RESOLUTION

MICROMEGAS: VERY GOOD ENERGY RESOLUTION  

A. Delbart et al, 
Nucl. Instr. and Meth. A461(2001)84

TIME RESOLUTION:
(FOR ISOCHRONOUS ELECTRONS) 

J. Derré et al, Nucl. Instr. And Meth. A449(2000)314 

0.77 ns rms
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 MPGD TWO: GASEOUS DETECTORS - 26TWO-TRACK RESOLUTION

30 ns 10 ns ( ~ 1 mm)

GEM TIME SEPARATION (electron signal only):

GEM SIGNAL CHARGE DISTRIBUTION:

600 µm FWHM

GEM

3 mm

VOLUME RESOLUTION
ΔV ~ 1 mm3  
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 MPGD TWO: GASEOUS DETECTORS - 27MPGD PERFORMANCES

SPACE AND TIME RESOLUTION IN EXPERIMENT CONDITIONS

C. Bernet et al,
Nucl. Instr. and Meth.
A536(2005)61

65 µm rms

70 µm rms

9 ns rms

COMPASS MICROMEGAS:

COMPASS TRIPLE GEM:

12 ns rms B. Ketzer et al, Nucl. Instr. and Meth.
A435(2004)314
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 MPGD TWO: GASEOUS DETECTORS - 28MPGD PERFORMANCES

J. Benlloch et al, IEEE NS-45(1998)234

M. Alfonsi et al, Nucl. Instr. and Meth. A518(2004)106

GEM RADIATION HARDNESS: 

~ 4 1014 MIPS cm-2 

GEM RATE CAPABILITY: 

Gossip 23
Nov 28
Ar/iC4H10 70/30
Particle flux: 1.6 GHz

Gossip ageing using mips from 90Sr source

Time (days)
0 5 10 15 20 25

I centre
 (nA

)

0

50

100

150

200

G = 1000 G = 1000

Fluence (mips/cm2)

0 1e+15 2e+15 3e+15

C/cm2
0 2 4 6 8 10 12

switch from
Vgrid = -635 to -640 V

MicromegasMicromegas
((Nikhef Nikhef measurement)measurement)

MICROMEGAS RADIATION HARDNESS: 

G. Charpak et al, Nucl. Instr. And Meth. 478(2002)26 

MICROMEGAS RATE CAPABILITY:

F. Hartjes, MPGD09 (Crete, 12-15 June 2009)
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 MPGD TWO: GASEOUS DETECTORS - 29MPGD DISCHARGES

A. Bressan et al
Nucl. Instr. and Meth. A424(1999)321

GEM: 

MICROMEGAS: 

2 103

1.5 103

G
ai

n

220Rn -> 6.4 MeV α 

GAIN AND DISCHARGE PROBABLILITY
ON HIGHLY IONIZING TRACKS

ΔEα ~ 500 keV ~ 104 e 

Q ~ 2 107
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 MPGD TWO: GASEOUS DETECTORS - 30MULTIGEM

C. Büttner et al, Nucl. Instr. and Meth. A409(1998)79
S. Bachmann et al, Nucl. Instr. and Meth. A479 (2002) 294

GEM 1

GEM 2

ED

ET1

EI

DRIFT

READOUT

DRIFT

TRANSFER 1

INDUCTION
GEM 2

ET2 TRANSFER 2

GAIN AND DISCHARGE RATE ON EXPOSURE
TO HEAVILY  IONIZING PARTICLES

TRIPLE GEM:

Q~107
Q~108

Q~109

DISCHARGE PROBABILITY ON α 
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 MPGD TWO: GASEOUS DETECTORS - 31DISCHARGE RATES IN HADRON BEAM

G=10000

COMPASS MICROMEGAS: 

COMPASS TRIPLE-GEM:
PSI πM1 beam
No discharges in 12 hrs of operation at gain 104

S. Bachmann et al, 
Nucl. Instr. and Meth. A470(2001)548

D. Neyret, MPGD2009 (Crete, June 12-17, 2009)

10-6
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 MPGD TWO: GASEOUS DETECTORS - 32GEM GAIN UNIFORMITY
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J. Benlloch et al, Nucl. Instr. And Meth. A419(1998)410 
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 MPGD TWO: GASEOUS DETECTORS - 33GEM GAIN UNIFORMITY

GEMS PRODUCED BY TECHETCH:

GEMS PRODUCED BY CERN:

GAIN-HOLE DIAMETER CORRELATION

F. Simon, IEEE Nucl. Sci. Symp. Conf. Records (San Diego Oct 2006) 
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 MPGD TWO: GASEOUS DETECTORS - 34GEM CHARGING UP

time (s)

re
la

tiv
e 

ga
in

! 

"G

G
~ 140%

! 

"G

G
~ 45%

CORRELATION HOLE DIAMETER-GAIN INCREASE:

LASER ETCHING GEM

T. Tamagawa et al, Nucl. Instr. And Meth. A560(206)418

F. Simon, IEEE Nucl. Sci. Symp. Conf. Records (San Diego Oct 2006) 
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 MPGD TWO: GASEOUS DETECTORS - 35GEM CHARGING UP

SURFACE CHARGE MODIFY THE FIELD:
RATE DEPENDENCE OF CHARGING UP

RECOVERY WITHOUT IRRADIATION

C. Altumbas et al,
Nucl. Instr. And Meth. A490(2002)177

BEFORE AFTER
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 MPGD TWO: GASEOUS DETECTORS - 36PRESSURE AND TEMPERATURE DEPENDENCE OF GAIN

M. Chefdeville, MPGD2009 (Crete 12-15 June 2009)

MICROMEGAS

C. Altumbas et al, Nucl. Instr. and Meth. A515(2003)249 

GEM
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 MPGD TWO: GASEOUS DETECTORS - 37ION FEEDBACK IN TPC

-V

0

+

+
+ +

+

++

+

+
+

+

+ +
+

++

+

++
MWPC

DRIFT

-V

0

Ar-CH4 80-20  E=200 V/cm  w+ ~ 320 cm/s 
For 1 m drift: 

T+ = 300 ms

GATE OPEN GATE CLOSED

PULSED GATING: 

W. Blum, W.Riegler and L. Rolandi, Particle Detection with Drift Chambers (Springer 2008)

SPACE CHARGE:

! 

"+
=

eRLM#

w
+

L: drift length    
M: gain   
ε: fractional ion feedback

With MWPC readout, ε ~ 10-20%
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 MPGD TWO: GASEOUS DETECTORS - 38ION FEEDBACK

ION FEEDBACK IN MICROMEGAS

Ar-CH4 97-3

100 µm gap
17 µm pitch

The fractional ion feedback depends on
avalanche spread, but cannot be smaller
than the field ratio:

ED

EA

FIELD RATIO

100 µm gap
50 µm pitch

P. Colas et al, Nucl. Instr. and Meth. A535(2004)226
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 MPGD TWO: GASEOUS DETECTORS - 39ION FEEDBACK

The fractional ion feedback in multi-GEM
detectors results from a complex interplay of
geometry, fields, diffusion:

M. Killenberg et al, Nucl. Instr. and Meth. A530(2004)251

A. Bondar et al, Nucl. Instr. and Meth. A496(2003)325 

ION FEEDBACK IN MULTIGEMS
GEOMETRY:

4 10-2

2 10-3

MAGNETIC FIELD:
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 MPGD TWO: GASEOUS DETECTORS - 40SPACE CHARGE DISTORTIONS

X. Zhang, MPGD09 

PANDA GEM TPC
(SIMULATION)
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 MPGD TWO: GASEOUS DETECTORS - 41GEM GATING

STANDARD GATING: APPLY
REVERSE HV PULSE TO FIRST GEM

@ 3 kV cm-1 T+~ 100 µs

LOW VOLTAGE GEM TRANSPARENCY:

F. Sauli, L. Ropelewski and P. Everaerts, 
Nucl Instr. and Meth. A560(2006)269

ΔVGEM ~ 150 V
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 MPGD TWO: GASEOUS DETECTORS - 42GEM DC ION GATE

F. Sauli et al, 
Nucl. Instr. and Meth. A560(2006)269 

DIFFERENCE IN DIFFUSION BETWEEN IONS AND ELECTRONS:

ELECTRON TRANSMISSION

ION FEEDBACK
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 MPGD TWO: GASEOUS DETECTORS - 43ION FEEDBACK REDUCTION

DOUBLE MICROMEGAS 

50 µm

Phole=60 µm Øhole= 30 µmØpillar=240 µm

Ppillar=1 mm

top
bottom

• HIGH DIFFUSION GAS
• MAGNETIC FIELD EFFECT ? 

DOUBLE µM

SINGLE µM

F. Jeanneau et al, TIPP09 (Tsukuba 2009)


