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1.1 Energy loss in matter
1.2 PID with energy loss
1.3 Energy loss of electrons
1.4 Multiple Scattering
2 lonisation detectors
2.1 MWPC
2.2 Gaseous microPattern detectors
2.3 Drift chambers
2.4 Time Projection Chambers
3 Electromagnetic radiation
3.1 Cherenkov radiation
3.2 Transition radiation
il Solid state tracking detectors
4.1 Strip detectors
4.2 Pixel detectors
5 Photon detection - principles
5.1 PMTs
5.2 Avalanche diodes and Silicon PM'’s

6.1
6.2
6.3
6.4

7.1
7.2
7.3

Scintillation principles (organic/inorganic)

Timing counters

Tracking fibre detectors
Nobel gases

Light collection

Calorimetry

Electromagnetic calorimeters
Hadronic calorimeters
Combined calorimetry

Particle ID summary
Brief look into the past:
bubble chambers

Novosibirsk Physics School - Particle Detectors | Stephan Paul | 17.9.-21.9.2018

<Nr.» 2



nm!
Dete cti on of P a rti C I es Exzellenzcluster Universe . qﬁ

What do we want to determine ?

Goal: measure 4-momentum and spatial position of particles

Methods: _
- position sensitive detectors direction and position of 4-vectors l T@l
- deflection in magnetic fields ~ modulus of‘p‘ |P| ,.
- absorption in calorimeter energy E
- mass e, p, n, @, . (only well defined mass values can occur)
- Cherenkov radiation, velocity {3 p=X=L
- time of flight ¢ lE £
- transition radiation Y Y= = 2
JI-pP% mye
- energy loss B,y
- characteristic decays secondary particles

detection in detector:
- small energy loss AE<<E
- large energy loss  AE ~ E(calorimetry)
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1 Detection of Particles Exzellenzcluster Universe < q

What do we want to determine ?

Electrically charged particles

e lonisation: charge

e Excitation: scintillation light

e Polarisation: Cherenkov light, transition radiation

e Bremsstrahlung + pair production: electromagnetic shower

Photons

e photo electric effect, Compton scattering: charge
pair production: charge, 511 keV photons
e pair production + Bremsstrahlung: electromagnetic shower

Neutrons
nuclear reactions (n,y), (n,a), (n,p): detection of decay product
n-p elastic scattering: detection of recoil protons

Hadrons
Strong interaction: hadronic showers
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1 Typ i ca I Arra N g eme nt Of a Dete cto r Exzellenzcluster Universe @ n

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

photons
calorimeter: “shower detector”
et
—
muons
# - - -
M A detector cross-section, showing particle paths
=, P
[] Beam Pipe
n (center)
—_— B Tracking
Charber Ehaten
Innermost Layer... » .Opg Magnet Coil *‘Je‘-m'on Y
Components of a detector: M E;?ﬁrimeter
measurement of different aspects: [ Hadron WOREL o Ao
- trajectory, charge, momentum, Clrlstee
energy, particle species, [ Magnetized e
Muon
- Chambers
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Barrel Superconducting Inner Detector 2 T Superconducting - '
Toroidal Magnets Solenoid € g
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Muon Spectrometer
http ://www.lhc.facts.ch/index.php?page=atlas

more details later

4 Diameter: 22 m
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1.1 Energy Loss of Particles in Matter ecnserviese © Bl

Interactions of charged particles with matter:

1. Inelastic collisions with electrons in atomic shell
- energy loss
- excitation or ionisation of atoms
- scattering

2. Elastic collisions
- scattering

- energy loss (mostly negligible as m « M)
- no excitations

3. Emission of Bremsstrahlung
- Typical for e+, e-

4. Cherenkov radiation, transition radiation in inhomogenous materialis

5. Nuclear reactions
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1.1 Energy Loss of Particles in Matter Erzstenzoser unverse < [0

Example:
relativistic, heavy, charged particles (u,m,o.,p):

almost always scatter inelastically
properties of inelastic collisions :

- statistical
- energy loss fluctuates

number of collisions very large: fluctuations become small

Characteristic quantity: mean energy loss per unit length

<_ d_E> .
A ,Stopping-power
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1.1 Energy Loss in CO"iSions Exzellenzcluster Universe @

Inelastic collisions with electron cloud of an atom

momentum loss Ap =L£ Fe ot
Only transverse forces F _F Db _r b
horizontal forces cancel ¢+ 7 Coulomb H Coulemb [ 2 2
[
R : IS oty ™
> VU T)= 225 r/ ', P
: . X
> X \ M.ze \ ,'
\L _________ \_;./
v velocity of incomin - T Ay 2z
i |y g‘ Ap = F;ldf=J F,—=
particles 5 . . v uvb
7 2 4
- 277
Energy transfer AE(b) on AE(b) = ap” _ -
atomic shell electron 2m,  muvb
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1.1 Energy Loss in Collisions Il Eraserzouserunvere [

Energy loss of incoming particles: how many electrons does the incoming particle see with

an impact parameter b ?

probability, to meet an e- with impact parameter

i X i [b, d+db] = number of e- in volume = P(b)db
db ,.f ) }o P(b)db=n,-25th-db-dx
Vi
B ) n,= AZ N ,p = number of e~ per unit volume
\ /

N , = Avogadro Numero

P =density

Z =charge =#e- pro Atom
A = mass number

47204 2 4
_dE(bY=AE(bD)- 27 n,b-db-dx = ——— 2 -n -b-db-dy= TZC db g

2b*2v%m, v'm, b
for particles of charge z
_ 2_ 4 bmax 2 4
integrate over b,,;,,< b <b,,,, CCZZE _ dnnz f db _ Amnz 28 In l;)max
X m U ke b m U min
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1.1 Energy loss in Collisions Il Erzstenzoser unverse < [0

Integrate over all impact parameters in the range from bmin to buax
e maximum b: momentum transfer must be large enough to separate atomic electron

AL(b_ . _)=AL_. =1=lonisationsenergie

max

* minimumb: AE(b, )=AE__

: ] > [ 4m 27%"
Ablmx =) ( =T 5.3
'y 0 Y _r
2 m muvb
1 =
—muv* = energy of incoming particle of mass m
2 2 2
ze” ze: | 2
impact parameter: bmm = 7> bmax = -
m v \\ml
(S c
: dE  4nz’e* 7 2m v*
classical formula == ——+N,:In .
dx muv- A

dE Z z%* |, 2mu’ o
Bethe-Bloch Formel: ——=47INO—Ze -[ln £ —ln(l—ﬁz)—ﬂ“——K

A mv? / Zi

z: charge of incoming projectile

Z: charge of target nucleus (e.qg. Z=6 for carbon)
x: thickness traversed [g/cm?]

Nu/A: number of nuclei/unit volume

I: effective ionisation potential
ck: correction factor: binding in K-shell
f:v/e
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1-1 Energy LOSS in CO"iSions IV Exzelenzaster Universe: &

Fluctuation of energy loss

» energy loss is statistical process
specific energy loss (dE/dx) is sum of many

individual processes — statistical fluctuations

* number of processes
* energy transfer inn individual process

relative probability

energy loss described via Landau distribution

Ha.e?
P[M -AE_ |- LB
\2E|
o 5 _ Bsp. Argon: £ = 125 keV
= — mif £ as material dependent constant Ax=1cm
5 AE = 1.2 KeV
"j‘Enm . most probably value for AE AE, ine= 2.69 KeV

Thick layers: distribution of dE/dx is gaussian around (dE/aX) el
Thin layers:
— large fluctuations of AE
— individual processes with high individual energy loss AE contribute to ,tail” of
distribution
— generation of d-electrons
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1.1 Energy loss in collisions VI sratenzouser nvese < [
10
Properties: .
P BE uon in matter: PDG 2012
- Independent of the particle mass '-‘*’E" : Hj liquid
- Speed dependent 'T: . 2
- Depending on ionization potential = T
- at low energies: dE
—(— ) 1/ B2 <
dx “EH:
- Minimum for 3y ~3 -
dE ]
. . <—> o In B?y? -
- at high energies: - dx 1 M I O o | A D AR 11
0.1 1.0 10 100 1000 10000
By = p/Mc
v% 1 i i IIIIII| [ IIII:III| i IlIJiHI i IIIII1I| [ IIIIIIII
Ya 0.1 1.0 10 100 1000
— Muon momentum (GeV/e)
/ 0.1 1.0 10 100 1000
Pion momentum (GeV/e)
| L1 i iiii i IJIIIIIl [l Illllili i IIIIHII [] L i Biiil
rubend bewegt 0.1 1’.'0 10 100 1000 10000

Proton momentum (GeV/c)
Transverse electric field amplified due to Lorentz contraction

Increase in range — relativistic rise
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1.1 Energy Loss in Collisions VII ereelenzousier Unierse [

FMU

- (almost) material independent —<ZX—E> «z2(Z/A) f(B,1)

- density dependent effect : polarisation of atoms along trajectory if b
becomes atomic distance: —> screening

— reduction of effective n,

P dE / d_E‘ R = 1.8 for gases
dx - dx| . Reca. 1.2 for solids
saturation
_Material dE/dx| . [MeV/cm]
plexiglas 2.3
iron 11.65
uranium 20.66
xenon (gas) | 7.3- 107
16/10/2014 Novosibirsk Physics Schoah r-RarticleRetectars, /bodtephan Paul | 17.9.-21.9.2018 (NtA



1.1 Energy loss of heavy projectiles Excellenzolster Universe

Heavy projectiles make collisions with atomic nuclei

High energy transfer, greater stopping power
Breaking of the core/projectile - inelastic collisions — hadronic shower
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1.2 Particle ID through Energy Loss

Energy loss for electrons higher: due to m=m. AEnq.x increases

Particle identification by detection of energy loss: determine

E and dE/dx of a particle

Kinetische Energie [MeV]

250 & :'_'.

N
-
o

dE/dx in TPC (a.u.)

150 t

100 |

o)
o

Al lj“l L} Ll ¢ 9:9-9,

pp @ 900 GeV

| ALICE performance
work in progress 7

lllllllll

momentum p (GeV/c)
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1.2 Energy loss in the event of collisions VIII  =xetenztstertniverse @én

FMI.I

Depth of penetration into -integrated energy loss = stopping power
matter: -stopping power increases with decreasing particle
Schematic energy

-energy deposition is maximal at end of flight path

e.g. medical applications
S

Carbon 330 MeV/y — 1
45 Protons 177 MeV ——
4
A e — 35
Penetration depth
T 3
e
g 25
g 2t
. . . K] 1 —
medical applications ! s
radiation therapy (tumor) -
0
. . 05 - .
detection of very low energy particles 0 . 10 18 20 2 30

Depth in Water
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1.3 Energy LOSS Of e' and e‘|' Exzellenzcluster Universe @

Energy loss in Materie:

& R
dx total dx coll dx rad

losses through Bremsstrahlung:

-dE _Z’e'
dxrad C 4 szO z?

»radiation length® X o« 4/ 22

_dE  dx.
E X radiation length: Ax for which :
E = EO e—x/Xo EO _AE‘rad _£ _ 1
E "E, e

0 0
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1.3 Energy Loss of e- and e+

Processes:

1. inelastic collisions with electrons, excitation and ionisation
differences to heavy particles... modification of the Bethe-
Bloch formula:

_ reCO|| | 1\\‘\1 | i I | ”] 1 | R I A | ll]—l 1 { U 0 I 1 68 B0
_ " B e —0.20
- spin dependence - Ro. XAy Lead ( Z =82) 5
J \«" 3
_ Electrons_ \\ _,_,_:
2. Bremsstrahlung: Scattering = 10— Y ////' —0.15 ~
in electric field nucleus and g \ / Bremsstrahlung 1 e
. —" = \“ (o ]
atomic electrons 3 S 9 E
'U'g B ’_,/\ - 8
it BT x ”e —0.10
3 onization -
1 -o-—>p-O- | =)
3. Mgller scattering e-e-—e-e 05  Mglier (c=) .
4. Bhabha scattering: e-e+ e-e+ e gl X —005
4
. % PDG 2012 -
5. e-e+ annihilation ; I e i, - SRS,
1 10 100 1000
E (MeV)
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1.3 Energy Loss Of e- and e+ Exzellenzcluster Universe @

critical energy:

dE
(dx

critical energy is material dependent:

610M I10M
- d—E E. = eV (solid) E. = / ad (gasgous
ol \ X )i Z+1.24 7 +0.92 medium)
103
I3
)
:
§ 10! .
e Fig.: Leo
107! 10' 10° 10°

Energy MeV]
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1.3 Energy Loss Of e- and e+ Excellenzcluster Universe @)

critical energy for electrons _ for muons
L L T 40003 N ——
200 |- el - o 7980 GeV
i " 2y0.879 i
7 Z+203
G'U' g % - + o + %
S bo[ 610 MoV " / 705 " bl 5700 GeV i -,
5 | e - (Z2+1.47)0838
- : 400
20 — + Solids i
o (Gases 5 iTaas
+ Solids
10 — 200+
Elli He Li BeBCNONe i He Ti BeBCNONe
TR : 100 L :
1 2 5 10 20 50 100 1 2 5 5
o Z

Fig: PDG 2012
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14 Mulﬂple Scattering Exzellenzcluster Universe Zf'ﬁl

At high energies:

Scattering off nuclear Coulomb potential is dominant:

Rutherford scattering from a nucleus |
dORuth e
dQ2 sin4g
charged 0\
particles G
‘\'l /1/\
O nucleus

many scatterings in matter

For mparticles << Mkern ...
change of direction, small energy transfer

Infinitely many scattering centres:

- Gaussian distribution of the scattering angle (Moliere Scattering)
- individual scattering events with larger angles
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1.4 Multiple Scattering

Exzellenzcluster Universe @
u

- random path

Probability of exit angle:
1 g
exp| ——— |d&
v 276, p( 26, ]

8, ... width of Gaussian
mean broadening

P(6)d6 -

PDG 2012 8, 13;“"*"" \F [1 umsm[ ]
cp
<—x/2—>| 3
— P 6o
\\\\\\\ ‘ ‘P?)lane *
‘;T \\\\\ Y Yplane
gine =L | ")
* 9plane
A
0
Example: 1 GeV/c proton in 1m Argon: 6, = 0.03° (Atlas) 6o L
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2 _ I on izati on D ete cti on Exzellenzcluster Universe - q

Principle:
- lonising radiation generates electrons and holes (ions)
- Collecting electrons and holes in the detector

Detector material:

-Gas:
Fast collection of e- and ions. Detector gases: Ar, Ne, ...
- Liquid:
High density, e.g. liquid Ar, Xe,
- Solids:
High density, mechanically stable, e.g. semiconductor (Si, Ge, .)
Experiment:

- Vessel with electrodes and entrance window
- Filled with active medium for interaction with ionising radiation (e- - hole(ion) pairs)
- Electrical field between electrodes for collecting the charge carriers:

- e-and holes (ions) collected separately

- Drift, diffusion

- Signal = ,current' from collected batches in Cathode/Anode
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2_ Ionization Detection Exzellenzcluster Universe . qﬁ

lonization chamber:

Jsolator, / . .
‘ * Generation of charge carriers

r -« inelectricfield E

b g o

i_i—i—  Historical:
_________ - £ \ V.Hess could only detect the change

in voltage
(v)
A
. .
|||_o current detection
Prinzip der Ionisationskammer. ) . .

F Eintrittsfenster; A Abschirmung; Direct detection of pulses in the
E Innenelektrode; kV Spannungsmesser;  gas detector requires internal
I Isolator; A Strommesser

amplification

Typical gas: Ar/CO,: 100 e- / cm flight distance
Comparison: solid-state detector ~10000 e-/ 100 pm
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! . ‘ oniza !I on Be | ecC | ion Exzellenzcluster Universe !g

Example: Geiger-Muller counter tube

electric field around wire
E(r) =V, #
r]ﬂ(r—z]

I8

r1 = radius of counting wire
r2 = radius of tube

Novosibirsk Physics School - Particle Detectors | Stephan Paul | 17.9.-21.9.2018 N2



2. lonization Detection - Gas Amplification Excslenzotstr Unverse [0

Gas amplification :
Electric fields ~ kV/cm:
* electrons gain sufficient energy between collisions with gas molecules to
further ionization g
* avalanche charge 1

Probability of ionization per unit length ~ ,Townsend Coefficient”

Paschen law
oct a x % inverse free path length
electrons
[}
* gas ions amplification of a detector (“gain“):
é Y electron cloud

é.—éj{-f& il dN=N-a- -dx - N = Nye*"
1 Jlﬁu?h i!ﬂ@i

e secondary electrons N

G =—e""

’7,anode wire Ny
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2. lonization Detection

Exzellenzcluster Universe @

12

10 | | |
Geiger-Muller
counier |
1010 — Region of fimited L
Recombination —y ) :
before collection >
3 |
o 10° 0
) Dlscharge}
@ roglon
E 5
210 >
©
:
3 10* -
10° =
N ~
3
1 VT
0 250 500 750 1000

Voltage (V)

Typical values for ampilification:

- Proportional counter tube ~ 104 - 106
-GEM ~ 103-105

In the proportional region, the
avalanche charge is proportional to
the deposited energy

The maximum avalanche charge
is always produced in the Geiger-
Muller region
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Recapitu | ation Exzellenzcluster Universe €& G

* What is the electronic energy loss??

* collisions with atomic electrons with subsequent energy transfer: sum of
all processes along a path length dx

What is the momentum dependence of the energy loss ?
« drops towards higher y towards a minimum (3y), rises and saturates

What is critical energy and for which particles is it important ?

» Energy for which electronic and Bremsstrahlung energy-loss are
equal (only important for electrons)

What is multiple scattering and which effect has it ?

« Sum of many small direction changing collisions with atomic shell
electrons. Directional spreading of a particle beam

What is an ionisation chamber ?
« (Gas volume in which ions are connected in an electric field
What is an avalanche amplification and where is it used ?

« Series of processes for the self multiplication of ion pairs in strong
electric fields: Geiger-counter
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2_1 Ionisation detection Exzellenzcluster Universe . qﬂ

Examples for ionisation detectors:

position sensitive detectors:
beam profiles, imaging (medical applications), particle track determination

MWPC: Multiwire proportional chamber
3He neutronen detectors

GEM detectors

Drift chambers

TPC: Time projection chambers
Semiconductor detectors
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2.1 Examples: ionisation detection Excslenzdster Unverse ‘@é

Measurements of beam profiles Determination of particle tracks and momenta

CERN Courier 2001 Archama Sharma-
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Exzellenzcluster Universe

| incident Porticle { ~ 10 mm
s~ 3mm
2a~20 um

Multi Wire Proportional Chamber

Z

. . Y/ //////////
Dimensions: ]_T(/ (4 Z
distances: | ~¥1 cm, s ~3 mm, a ~10um ‘y ///
V/,(r

== Anode Sense Wires

MWPC telescope electric field distribution:

— ]
| 1] | 1| [l 1 ~ 1 pictures
1§yl Leo;
Scintillation Scintillation - Charpak et al.
Counter Counter NIM 62, 262
(1968)
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2.1 Ionisation detQCtion Exzellenzcluster Universe @

Position detection : .
sharing of charges:

Kedbodar — -
— = s
M ..Z~ — =y > Track
- ——" y j
I\_ —— - / ‘] /
" - IF_ e - — "J‘/ /
\ — —~ ——eeeee— ~| / ~
J — ’:/ - - A ./,/ |/ , [ \\‘; 2
‘\\ / /I/
O — Q, J / Ji Q,
Anaten . - /
: t
‘|/ 7 ™ L -

Kalloden _,"}\," j\/ ¥

r distance from time measurement

resolution ~ 50 — 100 um _ _
typical resolution ~ cm

Problem:
.. L3 o~
ambiguities in x/y
association
‘ L = -~
Bilder aus Leo
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2.2 GEM Detectors

Exzellenzcluster Universe @

GEM: Gas Electron Multiplier

- better resolution than MWPC (10x)
- amplification stages

- cascading of several foils possible

5
)
°/
-4  Drit
N Cathode
dmwm  © Drift Gap 3
EEEeeEEEEEnDES» GEM
f -
2mm 1 Transfer Gap
E - GEM
; 2mm | ';ll } Transfer Gap ;%
£ - GEM
J 2mm [ A% AN Induction Gap
g ot — — | Readout
y PCB
ID Readout
Electronics
\
T T
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2 . 2 M i C rO m e g aS ECEnzauserunve e & q

i wi-10v Mlicromesh Gaseous Structure
E- [I. Giomataris et al., NIM A376, 29 (1996)]
|
E lonisation Region
v - ; e Thin gap parallel plate structure
_f Moobeeh ) - e-aov e Fine metal grid (Ni, Cu) separates
‘gi Ea Amplification Region 40 kvicm
S O, e o — (~3 mm) and
lonising Particle gap (50'100 um)
e Very asymmetric field configuration:
PR 1 kV/cm vs. 50 kV/cm
seses00se B TR
.==§======.=:§= } HHH 1] ‘ iy ' | “ m=pFast collection of ions
)00 00000000008 | (~100 ns)
©9000000000014 A 1]
jEittatinatanansy
éi:::::.....ozq= | | m =) Saturation of Townsend
] :38::::::::.:1 coefficient
- .ggzgzzr.::E: (mechanical tolerances)
2000000000 4 T _
® %!!"“'!!g!‘“ {lppmmemos | mmpgood energy resolution
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2 : 2 M Icrome g as Exzellenzcluster Universe g_‘ mu

Mesh with pillars:

Principle of Parallel Plate avalanche detector

Particle trajectory

Anode

Cathode

Anode

N:E%a@mb) ﬁp@pmm

Cathode

Incident particle
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2.2 The MPGD Zoo (Examples) cescssmnmese

Microstrip Gas Chamber Microgap Chamber (MGC) Microdot Chamber

[A. Oed, NIM A263, 351 (1988)] [F. Angelini et al.,, NIM A335, 69 (1993)] [S.F. Biagi et al., NIM A361, 72 (1995)]

= \\\1 7777
i~

10 um 80 um
Compteur a Trous (CAT) Micro Groove Counter Micro Wire Detector
[F. Bartol et al., J. Phys. Il 6, 337 (1996)] [Bellazzini et al., NIM A424, 444 (1999)] [B. Adeva et al., NIM A435, 402 (1999)]
WELL Detector (LCAT)

[R. Bellazzini et al., NIM A423, 125 (1999)]

FO um
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2.3 Drift detectors Exzellenzcluster Universe .
» Electrons drift* in computing gas with v=v, _ .
 at high E-fields v, quasi constant ‘ fons ¥, electrons
¢ Vvp(typ)=50 cm/us T ) — —
10 :’;‘;_ L ‘;? 42200V o —2000V
with impact at distance Ax from outing wire JL .o .|.::*T I-— I .|. o«
Ax el
At = X [ .,".' 40 mm |
UDrifr o field wire "t.,: . sense wire Bild: IKP JUlich

determine impact time t, extern (scintillators)

determine t from charge signal at counting wire
from t-t,=AT obtain position coordinate

« good time resolution electronic (1ns)
- spatial resolution: 0g,;= 100-200 um
* wire distance: 2-4cm

small number of electronic channels
keeping excellent spatial resolution

“acceleration in E-field and deceleration through collisions with gas
molecules are in balance

Novosibirsk Physics School - Particle Detectors | Stephan Paul | 17.9.-21.9.2018

30



2.3 Drift detectors

Exzellenzcluster Universe
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Exzellenzcluster Universe

3D- detection device [pRr. Nygren et al., Phys. Today 31, 46 (1978)]

Combine 2-D planar amplification chamber (e.g. GEM) for x/y coordinates
with drift principle for z-coordinate

charged particle track
\ drifting electrons from ot
gating plane N P mary‘_qtuzatlon Eleciron doft thod
i Particin fracks /

~PEA

cathode plane X
1%
anode plane "
T E-field
@ ad plane
g pad p J
-—
= f
5 y Outer field cage |
~N -HV
x E. B field i
E18 - TUM
ag
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2. 4 TP C " Exzellenzcluster Universe ‘2

MU

ALICE@cerN TPC field cage
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O
umn
Limitations of Wire-based Detectors Exzellonzcluster Universe ?—’dn

FMU

« Localization accuracy: typ. 100-500 um

* Volume / 2-track resolution: typ. 10x10x10 mm3 (signal induction on pads)
« Rate capability: limited by build-up of positive space-charge around anode

DC gain-rate

AHC.us 70-30

: + o piph

~ 100 ns~ 100 ys : p ]
__ ;

o
o

—t

RELATIVE GAIN
o
o

o
n
——

o
N
—

0 " " " aaaal . Ak d sl . et sl . sl i . PR

107 10° 10* 10° 10° 10’
PARTICLE FLUX (mm™'s™)

[A. Breskin et al., NIM 124, 189 (1974)]
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S
n
Limitations of Wire-based Detectors Excelenzlser Universe ?—-‘gn

« Localization accuracy: typ. 100-500 um

* Volume / 2-track resolution: typ. 10x10x10 mm3 (signal induction on pads)
« Rate capability: limited by build-up of positive space-charge around anode
« lon backflow: IB = | ! n0ge ~ 30% for TPC with MWPC

cathode
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2 _4 T P I I Exzellenzcluster Universe @

Use GEM detectors to reduce ion feed back problem

This allows continuous readout (film), no gating of amplification region required
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2.4 lon Backflow — ALICE Solution®="~ ‘8

pad plane
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energy resolution [%]

10

8 1

IB (%)
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* Triple-GEM setup not sufficient
* New chambers: 4-GEM setup with standard

(S) and large pitch (LP)

* Field configuration optimized to provide
*IB<1%
« o/E < 12% (for 55Fe X-rays)

 Discharge stability

{ GEM2235V
t GEM2255V
t GEM2285V
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2.4 GEM-TPC

dE/dx,, (a.u.)

FOPI @ GSI

=R WA ANDINXOD

n=C, Jun

0 02040608 1 12 14 16
Particle momentum (GeV/c)

[B. Ketzer et al., NIM A 732, 237 (2013)
M. Ball et al., arXiv1207.0013, 2012,

. Ar/COL(90/10)

Field: 234 Viem
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