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PHOTON ABSORPTION 1
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PHOTON ABSORPTION CROSS SECTION 2
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NOBLE GASES: PHOTOIONIZATION THRESHOLD
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A CURIOUS OBSERVATION: INFRARED SENSITIVITY?

STUDY OF GLOW DISCHARGES IN MWPCs o
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Triethylamine (TEA) (C,H:);N
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GAS ELECTRON MULTIPLIER (GEM)
WITH SEMI-TRANSPARENT
PHOTOCATHODE
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NEW STRUCTURES:

COBRA, MICRO-HOLES AND STRIPS, PACEM....

R. Chechik, A. Breskin, Nucl. Instr. and Meth. A595(2008)116
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Quantum efficiency (%)
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FIELD DEPENDENCE OF THE
PHOTOELECTRON EXTRACTION EFFICIENCY
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UV WINDOWS TRANSPARENCY 8

UV GLASS AND FLUORIDE CRYSTALS:
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PHOTOELECTRIC CROSS SECTION: SOFT X-RAYS
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SOFT X-RAYS: ABSORPTION LENGTH AND DETECTION EFFICIENCY

GASES AT STANDARD TEMPERATURE AND PRESSURE (STP: 0°C, 1 atm):
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SOFT X-RAYS WINDOWS TRANSPARENCY
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LINEAR ATTENUATION COEFFICIENT (STP):

10°

[a—
S
NS}

[
=
[\S}

Linear Attenuation Coefficient (cm'l)

[—
e}
&

[
=
TR

N _LIO/A\YV

L-SHELL:

o ELE,

ArXe linear att coeff
M E E
0.7-1.1 keV : E-E,
i K SHELL FLUORESCENCE:
4 EK'E&F
0.25-032 keV DN WNWV\MNV\
NS K E
SR 34.6 keV E'EK
K P N ESCAPE
1 XN A\
32keV 4 Xe\ WWWVW‘{
| Ar
i ----- NON-RADIATIVE (AUGER)
10 10° 10° 10° A/\/\NW\/\MN\<E
Photon energy (KeV) E

Fabio Sauli — Photon Detection and Imaging with Gaseous Detectors — NDIP14




SOFT X-RAYS: FLUORESCENCE YIELD AND ESCAPE PEAKS
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FLUORESCENCE YIELD

FY=FLUORESCENCE/TOTAL
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ANGULAR DISTRIBUTION AND RANGE OF PHOTOELECTRONS
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POSITION RESOLUTION LIMITS

42 keV PHOTONS ON XENON
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X-RAYS DETECTION EFFICIENCY
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HARD X AND GAMMA RAYS: CONVERTERS

GAS DETECTOR
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HEAVY DRIFT CHAMBER
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HARD X' AND GAMMA RAYS: INTERNAL CONVERTERS

GAS ELECTRON MULTIPLIER (GEM) Au-COATED

GEM-hole
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HARD X' AND GAMMA RAYS: INTERNAL CONVERTERS

DETECTION OF 511 keV y FOR PET
MULTI-GAP RESISTIVE PLATE CHAMBER
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RONS DR N UNITFORIV D

DRIFT VELOCITY DIFFUSION
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Mean free path for ionization:
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CHARGE MULTIPLICATION IN UNIFORM FIELD
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H. Raether, Electron Avalanches and
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S.C. Brown, Basic Data of Plasma Physics (MIT Press, 1959)
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ELECTRON AVALANCHE: FURRY STATISTICS :

SINGLE ELECTRON
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\| RON AVAI ANCH DO YA A

AVALANCHE DISTRIBUTION AT INCREASING GAINS (FIELDS)

POLYA DISTRIBUTION EXPERIMENTAL :
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Calculation of gas gain fluctuations in uniform fields
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SINGLE ELECTRON AVALANCHE IN MPGDs

GAS ELECTRON MULTIPLIER (GEM)
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SINGLE ELECTRON AVALANCHE IN MPGD 27

MICROMEGAS
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RON AVALANCH

CslI-COATED MICROMEGAS WITH TIMEPIX READOUT
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Energy resolution:
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SOFT X-RAYS ENERGY RESOLUTION
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MICROMEGAS ENERGY RESOLUTION 31
INGRID: MICROMEGAS WITH TIMEPIX READOUT
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ELECTRON COUNTING
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SCINTILLATION PROPORTIONAL COUNTERS 33

PHOTON EMISSION BEFORE CHARGE MULTIPLICATION:
NO AVALANCHE DISPERSIONS

NOBLE GASES SCINTILLATION SPECTRA ~1bar
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ENERGY RESOLUTION:
CLOSE TO STATISTICAL LIMIT

CARBON X-RAYS ALUMINIUM X -RAYS MANGANESE Kq X-RAYS
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A. Policarpo et al, Nucl. Instr. and Meth. 102(1972)337

Fabio Sauli — Photon Detection and Imaging with Gaseous Detectors — NDIP14




WIRE COUNTERS
- SINGLE WIRE COUNTER
% E. Rutherford and H. Geiger, Proc. Royal Soc. A81 (1908)141
S MULTI-WIRE PROPORTIONAL CHAMBER
W N\ G. Charpak et al, Nucl. Instr. and Meth. 62(1968)262
%: g H : g ‘
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TOTAL CHARGE Q > 107----> DISCHARGE

FIELD WIRE GAIN
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. Koori et al, Jap. J. Appl. Phys. 25(1986)986

DISCHARGES IN MICROSTRIP CHAMBERS
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EFFECTS OF DISCHARGES IN MSGCs

Fabio’s Museum of Horrors
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MICRO-GROOVE CHAMBER
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MICRO-MESH GASEOUS STRUCTURE (MICROMEGAS)

loannis Giomataris (1996)

HIGH/LOW FIELD REGIONS
SEPARATED BY A MESH

AR A GAP UNIFORMITY:
il MHHEETHT SPACERS OR PILLARS

1

e 200N et

micromesh

Y. Giomataris et al, Nucl. Instr. and Meth. A 376(1996)29
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12 planes in 3 stations X,Y, U, V SPACE RESOLUTION:
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C. Bernet et al, Nucl. Instr. and Meth. A536(2005)61
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J. Wotschack, RD51 Meeting (CERN 2013)

- <S5 M\ J Wotschack, JINST 7, C02021 (2012)
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A ~RUIN VIU [~ A V

Fabio Sauli (1997) STANDARD GEM:70 pm @ at 140 pm PITCH

THIN (50 pum) METAL-COATED POLYMER
FOIL WITH HIGH DENSITY OF HOLES:

=

F. Sauli, Nucl. Instr. and Meth. A386(1997)531
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31x31 cm? active Total thickness in active area ~ 0.7% X,

Honeycomb G‘iM foils
plates h
Readout o E:*:Sx_ 22 DETECTORS, OPERATIONAL 2002-2012
board \;V\mnnucmn
N

2-D readout board: 400 um pitch strips

—_ | (-—zi
80 pm

C. Altumbas et al,
Nucl. Instr. and Meth. A490(2002)177 B. Ketzer et al, Nucl. Instr. and Meth. A535(2004)314
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LARGE SIZE GEM DETECTORS .

GEM foll stretching in spacer frames

— Piling up the foils

-

oty

} S
‘."‘h‘“f-.

M. Tytgat, MPGD 2013

D. Abbaneo et al, JINST 9(2014)C01053
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MICROMEGAS DISCHARGES

SPARK PROBABILITY IN HADRON BEAM
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A. Delbart et al,
Nucl. Instr. and Meth. A478(2002)205

Normalized gain

1.1

1

0.9

0.8

0.7

0.6

0.5 -

0.4

RESISTIVE MICROMEGAS

Mesr?w\ pillar

Resistive strip
0.5-100 MQ/em

= L s

Insulator {:’7 Cu readout strip
Embedded resistor Resistive Strip

50 MQ 5mm long 0.5-100 MQ/em

---------------------------------

100000

\
GND Copper readout strip
gain = 5250 gain = 1950 gain = 450
,,,,,,,,,,,, I . 1 % I .
DR TR
%\\ 1
T \$\T£
I w
k\q\ be}?\\ﬁp
504 gain drop \9
Vm=440V —&
Vm=500V —6— ‘*\é
Vm=3530V —&—
10 100 1000 10000
Flux [Hz/cm?2]

J. Galan et al, Nucl. Instr. and Meth. A732(2013)229
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GEM DISCHARGES

TRIPLE-GEM:
CASCADED ELECTRODES E

DRIFT | —

ED
GEM 1 Saoneosnesessex
ET1 TRANSFER 1
GEM 2 oo 00R0RS
ET2 TRANSFER 2
GEM 2 SeoEIoOEORORS
E| INDUCTION

C. Biittner et al,
Nucl. Instr. and Meth. A409(1998)79

WHAT ABOUT THE RAETHER LIMIT?

IN MULTI-GEMS, THE CHARGE
SPREADS OVER MANY
INDEPENDENT HOLES!

10°

HIGHER GAIN, LOWER VOLTAGE ON EACH GEM

DISCHARGE RATE ON ~ 5 MeV a (10° e)

Multigem gain-discharge 107
T T T

¢

107
520
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COMPASS RING IMAGING CHERENKOV COUNTER (RICH)

Window Upper Photon Detectors
MWPC
L ey
Csl-coated cathode pads - r . a 3
f. :- .I. - l.l ... '. .‘-
5 L . ug L
] " a
I | | ! |
0 0.5 Im
»
] L .
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... . e ¥

h

Lower Photon Detectors

E. Albrecht et al, Nucl. Instr. and Meth. A502(2003)112
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EDRIFT -

FURTHER AMPLIFICATION

D. Mormann et al,
Nucl. Instr. and Meth. A478(2002)230

Csl LAYER

GEM WITH REFLECTIVE Csl PHOTOCATHODE COATING

POSITION ACCURACY:
TWO COLLIMATED PHOTON BEAMS AT 200 pm
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T. Meinshad. L. Ropelewski, F. Sauli
Nucl. Instr. and Meth. A535(2004)324
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TRIPLE GEM WITH HEXABOARD READOUT

TWO-PHOTONS EVENT:

MATRIX OF HEXAGONAL PADS

<<<<<

U strip number

) AL

CHN IR AL

03082400 650260 6202050

| e, 2a%a2.% e %et'eSa2e"a S0 000 05
S

ﬂl S AR SR AR N

= o0 e e ares: L o=e0s0e0s0sp

BRI sscsssscsseiecnatetisescesocs

s LOOEERFRF-EER0

INTERCONNECTED ALONG THREE DIRECTIONS

F. Sauli et al, IEEE NSSS 2004 Conf. Rec.\ol. 1, 12
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GEM WITH SILICON PIXEL READOUT ol

X-RAY POLARIMETER

Drift plane

Y coordinate (mm)
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R. Bellazzini et al, Nucl. Instr. and Meth. A623(2010)766
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GEM WITH SILICON PIXEL READOUT
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R. Bellazzini et al, Nucl. Instr. and Meth. A581(2007)246
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MECHANICAL DRILLING OF METAL-CLAD PC BOARD:
« SELF-SUPPORTING
« HIGH GAIN

R.Chechik et al,
Nucl. Instr. and Meth. A535(2004)303

A. Breskinetal,
Nucl. Instr. And Meth. A623(2010)132

ALSO NAMED LARGE ELECTRON MULTIPLIER (LEM)

P. Janneret, Thesis at Neuchatel University (2001)
A. Badertscher et al, Nucl. Instr. And Meth. A617(2010)188
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UV PHOTONS DETECTION: THICK GEM
DEVELOPMENT FOR THE COMPASS RICH UPGRADE
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M. Alexeev et al, Nucl. Instr. and Meth. A695(2012)159
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COMPASS RICH UPGRADE

COMPASS RICH UPGRADE PROTOTYPE
TRIPLE-THICK GEM CsI-COATED 30x30 cm?
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M. Alexeev et al, Nucl. Instr. and Meth. A732(2013)264
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THE END

THIS IS THE END
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