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MWPC MPGD TWO: GASEOUS DETECTORS - 1

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

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

TICK FRAMES:

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

THIN FRAMES ON HONEYCOMB PLATE:

20 pm wires at 2 mm pitch

R. Bouclier et al,
Nucl. Instr. and Meth. 115(1974)235
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2-DIMENSIONAL MWPC READOUT MPGD TWO: GASEOUS DETECTORS - 4

CENTER OF GRAVITY OF CATHODE INDUCED CHARGES

Two-dimensional coordinate readout:
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G. Charpak and F. Sauli, Nucl. Instr. and Methods 113(1973)381
E. Gatti et al, Nucl. Instr. and Meth. 163(1979)83
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MEDICAL IMAGING

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

E. Tribollet et al,
Proc. Natl. Acad.Sci.USA 88(1991)1466

REGIONAL UPTAKE OF
DEOXYGLUCOSE IN ADOG’S HEART

M. G. Trivelli et al,
Cardiovascular Res. 26(1992)330
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DRIFT CHAMBERS MPGD TWO: GASEOUS DETECTORS - 6

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

SPACE-TIME CORRELATION
(RIGHT-LEFT AMBIGUITY):

A. H. Walenta, J. Heintze and B. Scurlein, Nucl. Instr. and Meth. 92(1971)373
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DRIFT CHAMBERS MPGD TWO: GASEOUS DETECTORS - 7

HIGH ACCURACY DRIFT CHAMBERS

FIELD WIRES

SCREENS

- Uniform field
- Saturated drift velocity

' =
=G -G x&‘ - Low diffusion gas

ANODE

|

A. Breskin, G. Charpak, F. Sauli...
Nucl. Instr. and Meth. 124(1975)189
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IMAGING DRIFT CHAMBERS MPGD TWO: GASEOUS DETECTORS - 8

JET CHAMBER (DESY)

JADE R-F1 SECTION BEAM 15.000 GEV  NAG.FIELD -4.532 KG
1.6 TRIGCER 0201

field .
shaping )
electrodes )

equipotential_\
planes \

H. Drumm et al, Nucl. Instr. and Meth. 176(1980)333
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IMAGING CHAMBER MPGD TWO: GASEOUS DETECTORS -9

TIME PROJECTION CHAMBER (TPC)
D. Nygren (1975)
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X-Y projection: charge sharing on pad rows
Z: Drift time
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TPC MPGD TWO: GASEOUS DETECTORS - 10

3-D RECONSTRUCTION OF TRACKS

PARTICLE IDENTIFICATION FROM dE/dx
185 samples measured in A-CH, at 8.5 bars
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WORLD LARGEST TPC MPGD TWO: GASEOUS DETECTORS - 11
ALICE AT LHC

Inner/Outer radius: 845/2466 mm
Drift length: 2x2500 mm 557568 readout pads
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VERY LARGE TRACK MULTIPLICITY MPGD TWO: GASEOUS DETECTORS - 12

ALTRO:PROGRAMMABLE DIGITAL FILTER

« jon tail cancellation
« baseline restoration
e common mode subtraction

160, T T

T T T T
‘% -©— ADC data
‘ baseline perturbation

140 o

160 T T ~, T | 1 -
-&— Adaptive Baseline Correction output
zero supression threshold

120+

@
100+ ) j ©
4

systematic non - systematic
perturbation perturbation

! ! !
0 200 400 600 / 800 1000 1200

non - systematic effect
is removed

B. Mota et al, Nucl. Instr. and Meth. A535(2004)500
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MWPC INTRINSIC LIMITATIONS MPGD TWO: GASEOUS DETECTORS - 13

X-Y PROJECTION: WIDE INDUCED CHARGE PROFILE

TWO-TRACK RESOLUTION:

/8mm AX, AY ~ 10 mm

DRIFT TIME RESOLUTION: POSITIVE ION TAIL CANCELLATION AND OVERSHOOT

q(t) P

100 ns /‘

300 ns

AT ~100ns AZ~5mm

VOLUME RESOLUTION
B AV ~0.5cm3

0 100 200 300 400 500




MWPC LIMITATIONS: SPACE CHARGE MPGD TWO: GASEOUS DETECTORS - 14
A
field

POSITIVE IONS ACCUMULATION:
FIELD DISTORTION

| .
! anode cathode

RATE DEPENDENCE OF GAIN:
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G. Charpak et al, Nucl. Instr. and Meth. 124(1975)183 -6
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MWPC LIMITATIONS: AGING MPGD TWO: GASEOUS DETECTORS - 15

EXAMPLES OF ORGANIC POLYMERS AND SILICON
COMPOUNDS DEPOSITS IN MWPC

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

J. Kadyk,
Nucl. Instr. and Meth. A300(1991)436
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RAETHER LIMIT IN MWPC MPGD TWO: GASEOUS DETECTORS - 16

MAXIMUM GAIN: PRODUCT OF CATHODE AND ANODE AVALANCHE MULTIPLICATION
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P. Giubellino et al, Nucl. Instr. and Meth. A245(1986)155
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MSGC MPGD TWO: GASEOUS DETECTORS - 17

MICROSTRIP GAS CHAMBERS (MSGC)
A. Oed (1988)

DRIFT ELECTRODE THIN METAL STRIPS ETCHED ON GLASS

CATHODE STRIPS

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

Fabio Sauli - Seminario Nazionale Rivelatori Innovativi (Frascati, 30.11-4.12.2009)



MSGC PERFORMANCES MPGD TWO: GASEOUS DETECTORS - 18

TWO-TRACK RESOLUTION

1 RATE CAPABILITY
I I I MSGC.Beam Event B MSGC on high'rGSiStiVity gIaSS:
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A. Barr et al, Nucl. Instr. and Meth. A392(1997)99
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MSGC PROBLEMS MPGD TWO: GASEOUS DETECTORS - 19

DISCHARGE DAMAGES SECONDARY EMISSION FROM CATHODE STRIP
EDGES
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R. Bouclier et al, 00 xPosmon - 100
Nucl. Instr. and Meth. A365(1995)65




MSGC AGING MPGD TWO: GASEOUS DETECTORS - 20

MSGS AGING: EXTREME SENSITIVITY TO POLLUTANTS
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NEW MICROPATTERN GAS DETECTORS MPGD TWO: GASEOUS DETECTORS - 21

MICRO-GAP CHAMBER MICRO-GROOVE CHAMBER
e i M !
Metal 1 E ZB Cu‘.::m:d ;uc :Mr‘-.":mrzo"j.'c ) = g
(cathode) : i :
Metal 2 :\ %
(anode) 18 !
Polyimide i / '
3mm 200 urm N\ /cathode
\ E=h

anode

Sasmo o

x=Axis [ecm)] “«
Equipotential and drift lines
(with zero diffusion)

Substrate
R. Bellazzini et al, Nucl. Instr. and Meth. A335(1993)69 R. Bellazzini et al, Nucl. Instr. and Meth. A424(1999)444
FIELD GRADIENT LATTICE DETECTOR (FGLD) MICRO-PIXEL CHAMBER

50u

L.Dick et al Nucl. Instr. and Meth. A535(2004)347 A. Ochi et al, Nucl. Insirl and Meth. A471(2001)264
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MICROMEGAS MPGD TWO: GASEOUS DETECTORS - 22

MICRO MEsh GAseous Structure

THIN GAP PARALLEL PLATE AVALANCHE CHAMBER

< Drift plane

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

GAS ELECTRON MULTIPLIER
Holes pattern on Cu-plated polymer 50 um thich

MPGD TWO: GASEOUS DETECTORS - 23

80 um @ holes at 140 um pitch

50 pm

10-150 pm

F. Sauli, Nucl. Instrum. Methods A386(1997)531
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TWO-TRACK RESOLUTION MPGD TWO: GASEOUS DETECTORS - 24

MICROMEGAS FAST ELECTRON SIGNALS WITH SLOW ION TAIL:

llllllllllllllllllllllllll EE /’I —
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J. Derré et al, 30ns,,

Nucl. Instr. and Meth. A459(2001)523 1- 1808,

Horizontal scale 50ns/div
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ENERGY RESOLUTION MPGD TWO: GASEOUS DETECTORS - 25

MICROMEGAS: VERY GOOD ENERGY RESOLUTION

TIME RESOLUTION:
(FOR ISOCHRONOUS ELECTRONSYS)

8 keV
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|
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A. Delbart et al, 100
Nucl. Instr. and Meth. A461(2001)84

Time (ns)

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



TWO-TRACK RESOLUTION

MPGD TWO: GASEOUS DETECTORS - 26

GEM SIGNAL CHARGE DISTRIBUTION:

Induced signal
L ] : C‘ER;*X—P‘PE—‘TA’I-G’D 4
0 L 10998
g ”
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g 02
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04
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Position (mm)

GEM TIME SEPARATION (electron signal only):
: 30 ns; 10ns (~1mm)

s &5 o
8 2 8

pulse height in V
&
8

VOLUME RESOLUTION
AV ~ 1 mm?

5
2
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MPGD PERFORMANCES MPGD TWO: GASEOUS DETECTORS - 27

SPACE AND TIME RESOLUTION IN EXPERIMENT CONDITIONS
COMPASS MICROMEGAS:

[_MMO1V1__ Residuals | [ MMO01Vi_ Time Resolution
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MPGD PERFORMANCES

GEM RATE CAPABILITY:

5

Effective Gain o

—_
(=
N

10°

DGEM Gain-Rate

[DOUBLE GEM + PCB, av__ =500V s
T Argon-CO‘ 70-30 E =600 V/2 mm
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6 keV X-rays
— 4% & 4348
AV, =350V
B S e e S e e T S S 0 a2
AV__ =300V
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6
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J. Benlloch et al, IEEE NS-45(1998)234
GEM RADIATION HARDNESS:

_IJl\llllI

l

s g i
Lo A/COL/CF =80/20/20 !

J!llilllli!lllilllIillllillllilllllillll

=

0

Norrnalized Gain (u.a.)

2.5 5 7.5

Integrated Charge (C/cm?)

10 12.5

15

17.5

2
I

~ 410 MIPS cm2

M. Alfonsi et al, Nucl. Instr. and Meth. A518(2004)106
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MPGD TWO: GASEOUS DETECTORS - 28

MICROMEGAS RATE CAPABILITY:

1
1
1
1
[
1
1
[
1
1
1
1
[
1
1
1
[
1
[
1
1
[
1
1
|
1
)

“ -] L) 7
10’ 10 10° 10 10
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G. Charpak et al, Nucl. Instr. And Meth. 478(2002)26
MICROMEGAS RADIATION HARDNESS:

Gossip ageing using mips from *°Sr source
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200
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100
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F. Hartjes, MPGDQ9 (Crete, 12-15 June 2009)
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MPGD DISCHARGES MPGD TWO: GASEOUS DETECTORS - 29

GAIN AND DISCHARGE PROBABLILITY MICROMEGAS:!
5 : Micromegas gain-disch tris 0.02
ON HIGHLY IONIZING TRACKS a0 ::M|CRO:MEGAS -
fl : £
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MULTIGEM

GAIN AND DISCHARGE RATE ON EXPOSURE
TO HEAVILY IONIZING PARTICLES

TRIPLE GEM: [E

DRI T |

ED DRIFT [
GEM 1 S020000208008 |

ET1 TRANSFER 1
GEM 2 S oo eE

ET2 TRANSFER 2
GEM 2 S oo ees

E| INDUCTION

READOUT

C. Biittner et al, Nucl. Instr. and Meth. A409(1998)79
S. Bachmann et al, Nucl. Instr. and Meth. A479 (2002) 294
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DISCHARGE RATES IN HADRON BEAM

COMPASS TRIPLE-GEM:
PSI M1 beam
No discharges in 12 hrs of operation at gain 104

-8

2 10 S
£ Triple GEM
Na) -9
% 10" - Ar/CO,(70/30) “
S0
‘Ca‘ 10-10_ _
§ G=10000
= -11
10+ N
-12
107 1o discharges g
observed
e TR 4 ; fo i Ko
10 - }
10 10
gain

S. Bachmann et al,
Nucl. Instr. and Meth. A470(2001)548
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COMPASS MICROMEGAS:
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D. Neyret, MPGD2009 (Crete, June 12-17, 2009)
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GEM GAIN UNIFORMITY MPGD TWO: GASEOUS DETECTORS - 32
GAIN DEPENDENCE FROM HOLE DIAMETER

Ar-’co2 70-30
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J. Benlloch et al, Nucl. Instr. And Meth. A419(1998)410
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GEM GAIN UNIFORMITY

GEMS PRODUCED BY TECHETCH:

Al

GEMS PRODUCED BY CERN:

MPGD TWO: GASEOUS DETECTORS - 33

GAIN-HOLE DIAMETER CORRELATION
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CORRELATION HOLE DIAMETER-GAIN INCREASE:
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RATE DEPENDENCE OF CHARGING UP
SURFACE CHARGE MODIFY THE FIELD:
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PRESSURE AND TEMPERATURE DEPENDENCE OF GAIN
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MICROMEGAS
500 i T i T ;

L %2 / ndf 1.532e+04 / 4817
5480_ W PO 0.04895 + 4.1672-05 |
Eﬂ L Pl 0.001762 + 8.88e-07

460 |
c L
o L
- L
D
Sa40f
0} L
o - 3
Py20
M i
© B [
5400
3807\|\|||\|\|||||||\||||\||\||||\|
940 945 950 955 960 965 970
pressure (mbar)
480 ¢ T i i T 7
470 E_ ¥ / ndf 5203 / 420
5‘ F | PO 1.403e+04 + 98.83 .
Q460 .
< - pl 504.4 + 2.11 ’;‘%
q450£ zii?;.
0440 K o>
- E
Pa30k G
- E /
B a20F A
o P
410 e
@ c ”
0400
p_,390 F P-corrected
3805\\|\||I\II||||II\\iII\\iI\IIiI\IIi\\Ilill

[\S]

94 295 296297298 299300301 302
temperature (K)

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

Fabio Sauli - Seminario Nazionale Rivelatori Innovativi (Frascati, 30.11-4.12.2009)



ION FEEDBACK IN TPC MPGD TWO: GASEOUS DETECTORS - 37

Ar-CH, 80-20 E=200 V/icm w* ~ 320 cm/s Y, V
For 1 m drift: + + 4+
T+=300 ms DRIFTT = *+ * ?
v + + :>
A @
SPACE CHARGE: £ T v
MWPL ------------------------- 0 ------------------------- 0

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

+_eRLMe
p =

+

GATE OPEN GATE CLOSED
With MWPC readout, € ~ 10-20%

PULSED GATING:

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



ION FEEDBACK

ION FEEDBACK IN MICROMEGAS

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

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

X. Zhang, MPGDO09
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DIFFERENCE IN DIFFUSION BETWEEN IONS AND ELECTRONS:
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ION FEEDBACK REDUCTION

DOUBLE MICROMEGAS

MPGD TWO: GASEOUS DETECTORS - 43
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