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IMAGING OF CHARGED PARTICLES INTERACTIONS

FABIO SAULIJ

Run: 244918
Time: 2015-11-25 10:36:18
Colliding system: Pb-Pb

Collision energy: 5.02 TeV

2016: GEM TPC UPGRADE
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CHARGED PARTICLES
COULOMB INTERACTIONS: EXCITATIONS AND IONIZATIONS
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CHARGED PARTICLES

CLUSTER SIZE AND 0 ELECTRONS RANGE

electron range in gases
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CHARGED PARTICLES
O ELECTRONS

ENERGY Loss ASYMMETRY:

CORE GAUSSIAN + TAILS
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CHARGED PARTICLES

0 ELECTRONS

POSITION ACCURACY
VS
INCIDENCE ANGLE:
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CHARGED PARTICLES

ENERGY LOSS STATISTICS: GAUSS VS LANDAU

DIFFERENTIAL ENERGY LOSS IN THIN GAS SAMPLES:
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CHARGED PARTICLES

ENERGY LOSS STATISTICS: GAUSS VS LANDAU

PARTICLE IDENTIFICATION: SINGLE SAMPLE
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CHARGED PARTICLES

PARTICLE IDENTIFICATION

ALICE GEM-TPC
DIFFERENTIAL ENERGY LOSS (TRUNCATED MEAN)
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PHOTONS

PHOTOELECTRIC, COMPTON, PAIR PRODUCTION

tungsten photon abs ter
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SOFT X-RAYS

absorption length gases bis
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SOFT X-RAYS

ESCAPE PEAK

absorption length argon
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2001: 2018:
GEM WITH ELECTRONIC READOUT GEM WITH OPTICAL READOUT

THE GDD BAT

FE Sauli F. Brunbauer et al,
Nucl. Instr. Meth. A461(2001)47 JINSTI3 (2018)T02006
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DETECTION OF NEUTRONS
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3 3 10 7.
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DRIFT AND DIFFUSION OF IONS

2kTx
el

DIFFUSION: O, =

INDEPENDENT FROM ION TYPE

e e 1 E=F= I—IZHZHJ_E___:I—IIFFI_FE
mj *  EXPERIMENTAL DATA . 500::j_|:|j :t'jj':_j::|:|:|:1jt|:
By el PN o G i S
2l 1 P FHtHE =t
Sl . - — A~ H
Sl 1% RN
o |- zm i e e e e e e o e :|:_|_|:H:H:|.'
ol 1 & - -FEH+M
ml- j /\\/"\ 5°::j|::::::f|cljjt:___ :
! e m 'm “m zo“ARRIVAI. TIME (MICROSECONDS) __ _| _ |_ |_| _|_|__‘ e _| _| e
T T T
DRIFT VELOCITY:  W="" S I I I B R A N
W t 100 1000 10*
MOBILITY: = E ut=u E (V/iem)

@ 1kViem o,= 70 um/Nem

FABIO SAULI RD51 MPGD ScHooL NOVEMBER 27, 2023 CERN




DRIFT AND DIFFUSION OF IONS

CO,* IoNs MOBILITY AR-CO, MIXTURES:
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DRIFT AND DIFFUSION OF ELECTRONS
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DRIFT AND DIFFUSION OF ELECTRONS

LONGITUDINAL AND TRANSVERSE DIFFUSION
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BETTER LONGITUDINAL F. Sauli, Gaseous Detectors Handbook (CERN 2022)
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DRIFT OF ELECTRONS IN MAGNETIC FIELD

LORENTZ FORCE:

B
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DRIFT OF ELECTRONS IN MAGNETIC FIELD: E // B

TIME PROJECTION CHAMBERS:
LONGITUDINAL POSITION ACCURACY VS DRIFT LENGTH
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DEPENDS FROM GAS AND FIELDS
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ELECTRON-MOLECULE COLLISIONS

ELETRON-MOLECULE CROSS SECTION AT INCREASING ELECTRIC FIELDS:

CO2  (2004)
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https://nl.lxcat.net/home/

ELECTRONS ENERGY DISTRIBUTION
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ELECTRONS ENERGY DISTRIBUTION

“COOLING” EFFECT OF MOLECULAR GAS ADDITIONS

el en distr 100V A, A-CO2
0.3 , : : : 16

AR AND AR"'COZ 14 A ARGON"‘COz c7o"30> —
100 V/cMm ] \
E

12 Lot E =5.k\.cm"

electron energy distr A-CO2

0:25

o
N
——
——

E 2.1
2 | |
°= [ L7 e
o E=20 kV cm

. i Ar-C0, 70-30 06 '\_

Pt AN
04
0.05 e \

s /| \
L] RN G yamn N
0 \"--._"-_
0 0.5 1 15 2 25 3 3.5 4 0
ELECTRON ENERGY (eV)

S,

0 5 10 15 20 25
ELECTRON ENERGY (eV)

FABIO SAULI RD51 MPGD ScHooL NOVEMBER 27, 2023 CERN




INELASTIC ELECTRON-MOLECULE COLLISIONS

MAJOR OUTCOMES OF THE ELECTRON-MOLECULE COLLLISIONS

e +A — etA” Excitation

¢ tA — etetA™ Ionization » Charge Multiplication
A" — Aty Radiative Deexcitation )
e t+tAT— A+y Radiative recombination

A™+B— AB+y. Radiative recombination F Fluorescence
e +M — M-+vy  Radiative capture

A™+A — A%, = A+A+y Dimers formation

¢ tAB —AB-— A+ B- Dissociative capture
¢ + A+B— A+B Three body collision

A™+B — A+B*te Penning effect (if E;(B) < E,(A))

........... D Improved Energy Loss Resolution
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FLUORESCENCE AD SCINTILLATION

NOBLE GASES AND Low IONIZATION POTENTIAL VAPORS:
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Scintillation intensity (a.u.)

FLUORESCENCE AD SCINTILLATION

CF4 SCINTILLATION:
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F. Brunbauer, CERN GDD (2020)
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CLOUD CHAMBER IMAGES OF AVALANCHES:

lons

Electrons

n(x) = n,e”* a= a(k): Townsend coefficient

M(x) = RLRPE Charge Gain
ny

H. Raether
Electron Avalanches and Breakdown in Gases (Butterworth 1964)
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CHARGE MULTIPLICATION
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A. Sharma and F. Sauli, Nucl. Instr. and Meth. A334(1993)420
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CHARGE MULTIPLICATION
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PROPORTIONAL COUNTER
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CHARGE MULTIPLICATION

AVALANCHE SIZE PROBABLILITY
FOR 1 PRIMARY ELECTRON
(FURRY LAW):

Furry avalanche size tris
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CHARGE MULTIPLICATION

AVALANCHE SIZE PROBABILITY AT SINGLE ELECTRON AVALANCHE SIZE

HiGH FIELDS (HIGH GAINS) AT INCREASING GAINS (EXPERIMENTAL):
POLYA FUNCTION:

0 NQA+6)
P(N)= [NOT"'GW e N
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4N\

0 ;- 0 u“"r'__'”llltl:-x;"
H. Sclumbohm, Zeit. Physik 151(1958)563
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GASEOUS COUNTERS: MWPCs TO MPGDs
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MICROMEGAS

PROPORTIONAL GAIN
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J. Bortfieldt et al, Nucl. Instr. Meth. 7184(2013)406
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GEM

4

10 L} Al T L} L} T
Argon-CO2 o .
£ 3
8 | GAIN > 10 s
2
3
2
w
10°} :
RATE CAPABILITY > 10° MmM2 s™!
1.20
1.10
102 L L 1.00 L I ). Ol 1 1 1 ; 1
300 350 400 450 500 550 600 650 2z L r r—orTTT1 T HI
AVGEM V) é
o 090 F——SINGLE GEM
> -
250 ‘ X 5 AV ., =-46TV
% Ar-DME 80-20 5080 Vg - 2000V
3 AV, =520 V (Gain ~5000) @ Ar-CO_ (70-30)
200
. SPFE X-RAYS 0.70
0.60
130 Pulse Height Sobet Current
0.50
10° 10° 10* 10° 10° 107
100 3 -1 2,
L RATE (s mm™)
50 \
. £ J. Benlloch et al,
e . " -
% 2 4 6 8 10 Nucl. Instr. Meth. 4194(1998)410

ENERGY (keV)

FABIO SAULI RD51 MPGD ScHooL NOVEMBER 27, 2023 CERN




MULTIGEM
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VERY HIGH FIELDS:

TRANSITION AVALANCHE = STREAMER = DISCHARGE

THE FIELD IS INCREASED IN FRONT AND BEHIND THE AVALANCHE
PHOTONS ARE EMITTED AND RECONVERTED IN THE HIGH FIELD:

TANSITION TO FORWARD-BACKWARD
SECONDARY AVALANCHES FORMATION: STREAMER:

= -

DISCHARGE !

RAETHER LIMIT: ~ 107 ELECTRONS-IONS
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DESTRUCTIVE EFFECTS OF DISCHARGES:

MSGC (1994)

-—_

DISCHARGE PREVENTION AND MITIGATION IN MPGDSs:

Piotr Gasik: GAS DETECTORS PHYSICS 2
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.... AND THE OTHER LECTURES AT THIS SCHOOL.!
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