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Gas Detectors - Motivation

eLarge area coverage
*Coordinate measurement
*Time-of-flight

*Charge collection = dE /dx

*TPC: 3D reconstruction in high
multiplicity events (~20,000 tracks)

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

Collision energy: 5.02 TeV
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Gas Detectors - Principle

*Enclosed gas volume

*Applied electrical field = 5
Uo » Amp

*Traversing charged particle ionizes gas

A

*Electrons and ions drift to electrodes Drifting charges
due to electric field
*Measure position, time and/or collected

charge
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Gas Detectors — Examples (MWPC)

*Multi-Wire Proportional Counter
o Anode wires + cathode strips

o Measure 2D position
° Owire~D70 um for d = 2mm
° Ostrip~50 — 300 um

Schematic setup: /1
cathode plane
41-)
Q Qg0 O QO QO o O O
L ‘F:v anode wire
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Gas Detectors — Examples (straw tubes)

*Straw tubes (e.g. LHCb outer tracker)
o Stack of small single wire gas tubes

o Measure 2D position
o Stack — track reconstruction

° g~200 um

......

Assigned Hits
Reconstructed Tracks
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Gas Detectors — Examples (TOF)

*Time-Of-Flight (e.g. ALICE TOF)
o Multigap Resistive Plate Chamber
o Electron avalanche in each gap
o Induce fast signal on pickup electrodes

> 0~50 ps Cathode pickup

electrodes

Anode pickup
electrode

Differential signal to
front-end electronics

12.01.2018 DANIEL BAITINGER



ALICE Time Projection Chamber (TPC)
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TPC

*Incident particle ionizes gas a‘;wacrig;gt
'.\ field cage

*Uniform E-field induces drift cathode \ ;%%"‘e‘?';fé’s,

*Multiplication of e~ at readout (MWCP, GEMs) .,\b ) 3
.X-y-coordinate: prOjeCtion On pad h 1. IOHiSéUOH 2_.(}”“ 3 reg:strat:én
° 0x~150 — 300 um, 5,,~1 mm 3 1 |
— 3D ¢\e ¢
°z-coordinate: drift time ¢ ¢\e .
° g,~1 mm _ e 6\ ~
(& (L™ L")

*Charge measurement
o = dE/dx — velocity

— PID

*B-Field = momentum _ \ ‘

o Parallel to E-field B ions B
*Very high multiplicity (~20,000 tracks)
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lonization

*Primary ionization: X +p > Xt +p+e”

Primary plus
secondary ionization

*Secondary ionization: X + e~ > Xt +e” + e~

Primary ionization
*Mean energy loss:

1 L) Tll]lll

ALICE performance
pp,Vs=13TeV
B=02T

Bethe Bloch formula

i = K L. 2mecXG“y M max 22
dr K 5 In I — 3 — =

—
o

z: charge incident particle
Z: Charge of medium

A: Atomic mass of medium
B = v/c of incident particle

&-1n (8

Energy deposit per unit length (keV/cm)

Momentum (GeV/c)
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lonization |

Primary lonization

S— YT P——— T T
*#e~ percm: (Np) = 1/A = 15/cm (Ne—CO, [90-10]) - :
o A: mean free path ¥ A
10"
*Number of primary e~ Poisson distributed
Secondary lonization
*High energy e~ — further ionization
*Secondary ionization near primary ionization 10
— Cluster formation
*Nyoe ~ 3 — 4 N ¢ 1) 3
tot <~ 2 14 : 4
'1
‘0.5 i A d i aaaal S o N LR S
1 10 n 100

Cluster size distribution in Argon
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Space point resolution

Main contributions:
*Diffusion O'C%n-ft

*Detection 044

*Angular pad effect 0y,

*ExB effects 7,5 — talk by Pascal Becht

2 — 2 2 2 2
*Ototal = pad + O-drift + Oang + OgxB
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Drift (macroscopic)

*Eg. of motion (Langevin):

d
mFl:-:eE+e[u><B]—Ku

*K: friction from microscopic collisions, T = m/K characteristic time between two collisions

du_g

*Stationaryeq. — — — —[u x B] =
T m m

E

*B=0: u= %ET ~ 2 — BCM—T: for ALICE TPC with Argon or Neon

eB
*With B-Field: helix motion with cyclotron frequency w = —
m
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Drift (microscopic) 4

Light e~ scatter isotropically (,,friction®)

. 1 r?
Gaussian spread n = GrDD)? exp(— 4—Dt)
— Diffusion
. . . (v) =v,
°lons ~1000 times slower, non-isotropic :

Electron swarm drift

Drift velocity

Diffusion
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. . T
Electric anisotropy N
jig P Sa
*Statistical diffusion superimposed with ordered drift along field ey
Z
= Different mobilities u at center/edges reduces longitudinal diffusion F
*High E-field = small longitudinal diffusion .X
v—
Z

Mobility variations of electron cloud
traversing in z-direction
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Magnetic anisotropy

*Magnetic field — Lorentz force in transversal direction 7 - ,ﬁ’;-\?}
—Reduced transversal diffusion - —— /SN \‘\ 9 v B
< 4 ——
.DT((‘)) — 1 ‘—;ﬁ—rtff " E\; A ,’
Dr(0) 14+w?t? B’ I
*High B-field wanted
wT B

Ne-CO2 (90-10) ALICE TPC Run 1 0.34 05T

Ne-Co2-N2 (85-10-5) ALICE TPCRun1/3 0.32 0.5 1

Ar-Co2 (90-20) Run2 0.43 05T

Ar-CH4(90-10) STAR TPC 2.3 0.5

Ar-CH4(90-10) ALEPH TPC 7 151
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Signal creation

*~40 e~ /cm for Ne-CO, (90-10)

Electric noise ~1000 e~

—Signal amplification

*Current ALICE TPC: Multi Wire Proportional Chamber (MWPC) with gating grid
*Run 3: Gas Electron Multiplier (GEM) stack
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Signal creation: ALICE MWPC

*Grid of wires with applied voltage — High E-field close to wires
e~ accelerated — electron avalanche (Gas gain ~6 — 10 - 103)
*Gating grid to handle ion backflow (IBF) with max. readout rate ~8 kHz

*lons induce signal on readout plane

|

cathode plane

1.8 [Il '\ ‘ 1.8
‘ T TTITTTTTT T
1l "l' W .
1.6%. \ T 1.6
l.-lL . 1.4
- K
c : ’L gating grid .
o 1.2F L
= ,L shielding grid
l'()‘ . . - 1.0
| I
| . 1 o8t
08T anode wires
( o) o
0.6 {06t
L
|

0.4 0.2 0 0.2 0.4 0.6 0.6 -0.4 —).2 0

X (cm) xX(cm)




Signal creation: GEM

*LHC Run 3: Pb-Pb collision rates up to 50 kHz — Gating grid too slow

*GEM continuous readout and intrinsic IBF suppression

*lon trapping and electron transparency depends on asymmetry

20 ym EHT = 5.00 kV Signal A = SE2 StageatT= 00° Date :30 Sep 2011

eIdeally: suppress all ion backflow, however... e
Cathode

'_|:|_( . Vdrift Electrons: | Brift

/ readout board rduction /. /|

: PLL [ [Field A L [ (] j11d

particle K | | LT _:|yA
1- . v« T AnOde Ton Feedback =

(@ain x transparency) Tgite/ Ton
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GEM ion backflow reduction

*Reducing ion backflow reduces electron
transparency

L worsens energy resolution

Compromise between energy resolution and

ion backflow
o5 (Fe®®) < 12%, IBF < 1%

*Stack of 4 GEMs

12.01.2018
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signal height (adc)

Pad response

*Center of gravity (COG) improves resolution

— N N
*Xcog = Diz=oNiXi [ Xi=o N
Oelnoise
Q )

*However GEMs have narrow pad response
w
pad

*COG resolution 44 ~Wpaq -

functions = 0paa,6m =

V12

GEM wire chamber

GEM / .
foil | N |

Q_. Q i-..L

https://web.physik.rwth-aachen.de/~tpcmgr/downloads/talks/ICATPP-como03-roth.pdf
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Gas Gain Fluctuation

*Gain fluctuations impact coordinate measurement

*Every e~ of cluster amplified independently No gas gain fluctuations

*gain G~ exp(—an) — exponential fluctuations

*Shifts center of gravity — weigh coordinate with gain

With gas gain
fluctuations

2 . l‘)zl‘drl’ft 2
Odrift _/ N ) Ggfactor

, X o5/ g% +1 2N
Diffusion constant ~ Ggfactor = NN + a2/ g? TN+l 2
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ALICE coordinate system

Global coordinate system Local coordinate system
Az
AY 2
=

C—Side
Muon—Side

A—Side
Shaft—Side

<

L global 5
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Angular pad effect

*x-position fixed at middle of pad row

|
|

3y L | i %

ey-position random variable with uniform width | / b
X : ; L
Lang — Lpad -tan 8 | / i v
2 | -
tan? (5)L12)adGLfactor (Np'rim) Lﬂ»:
|

Uang B 12Npr7§m
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Other effects

*ExB effects, space charge — talk by Pascal Becht
*Electron attachment
*Gas impurities

*Wire vibrations
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Resol
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Small to high
inclination angle

Space point resolution
inr¢p and z-direction

as function of the drift
length.
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Resolution of MWCP vs GEM readout
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0.08 - ¢ o o .O. o. o "'.00.
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* Gem slightly worse resolution
* Narrow pad response of GEM — worse space point resolution near readout
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Jens Wielchua: ALICE-TPC upgrade with GEMs
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Momentum resolution

*Track curvature influenced by space point resolution e

U - 5 0016 ALICE -

: O £ .

ncertainty: = opal. FHB VB = 5.02 TeV, Ini<0.8 B

d d d d S [ = TPC standalone tracks ]

ﬂ — ﬂ _I_ ﬂ _I_ ﬂ \;»— 0012 TPC tracks constrained to vertex 7

ol ~ O TPC+ITS combined tracks 5

pT Lot pT res pT MS pT B 0.01F- C TPC+ITS constrained to vertex L

*N equidistant measurements: Gluckstern formula : _—
-

0.008 — - i +; =

. - - o T ]

Cipl — M ﬂ pT 0.006 wﬂi‘* _..'.'E;G:D —

— 2 B PR gt i

PT |yos €BoL*V N +4 - oo tnoo =

- aﬁgﬁﬂ“ 7

L: projected length of track onto bending plane 0.002(5 oo r

L+ =

O?I 1 1 I | | I | | | T Yt | | 1111 | | | | Je g | 1111 | 1111 | 111 l_

0O 01 02 03 04 05 06 07 08 09 1

-1

1/p. ((GeVic) )

pr resolution of ALICE the ALICE TPC (2014)

ALICE Collaboration: Performance of the ALICE Experiment at the CERN LHC, arXiv:1402.4476
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https://arxiv.org/abs/1402.4476

Correlation of space points

*Space points can be correlated

*Example: point-like space charge — several electrons attracted to/repulsed by same point

*Group space points according to correlation length Distortion due space charge
*Reduces effective space points, but takes Ps - scale parameter 3.7 cm
correlation into account —~ 1 oF Fun 2ssess TR
£ mmnamsimazie A ULl e
* eff = all/ Ncorr= 159/ 20 = 8 = 1— BeamtpeAA fi\ " taniep04 o tan(e)=08
4 ~ syw=251TeVv ;,6‘% tan(e}=08
= Need higher space point resolution for given SEC ol ] BN ;fj B
track resolution than naively expected 0.6— VA s;;. Apﬁ
£ b Y HERP,
0.4 W,
- A b T
V2 i ~tn, "R
05-, ......... oo
:IIlllllllllllllllllllllllllllllllll(llllll
0 10 20 30 40 50 60 70 80
pad-row
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Summary

*TPC’s especially well suited for high multiplicity environments

*Full track reconstruction

°Large coverage

*Relatively slow — New continuous readouts needed, large research effort

*Resolutions dependent on field strengths, pad sizes and gas mixture
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Sources

*Marian Ivanov
*Particle detectors lectures by Silvia Masciocchi (SS 2017, Heidelberg)
*Particle Detection with Drift Chambers, W. Blum and L. Rolandi, Springer-Verlag, 1994

*The ALICE TPC, a large 3-dimensional tracking device with fast readout for ultra-high multiplicity
events, ALICE Collaboration, 2010

*Technical Design Report for the Upgrade of the ALICE Time Projection Chamber, ALICE
Collaboration, 2014

*TPC tracking and particle identification in high-density environments, Y.Belikov, M.lvanoy, K.
Safarik, 2003

*Jens Wiechula: TPC lectures
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GEM stack

Cover elecirode
a—— Ed.’:-ﬂ —
GEM 1 -
R E = 2 mm
GEM 2
— Er e ‘]f 2mm
GEM 3 ——prr.ommt - S T2
M mm
GEM 4 : -
readout anode - 2 mm
Pad plane
Strong back
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Primary lonization

o#e™ per cm: (Np) = 1/1 Simulation for ALICE TPC with Ne/CO, (90-10)

> A: mean free path = s |
*Number of primary e~ poisson distributed g
24|
(Np)Npe—(Np)
P(Np, (NP>) — Np' 3 |
. OO \Ong i
sentation *
gary if PT€ 1 I
 ith secot
Comb\ﬂe 0 | | | | ] |

0 5 10 15 20 25 30 35 40 45 50
Number of primary electrons per 1 cm for MIP
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) g R o a2 g

Secondary lonization

w(n)

10
*High energy e~ — further ionization

*Secondary clusters near primary ionization
— Cluster formation

. a(\es?

m
Range‘)fe\‘ for Argon

| :

1 keV 30 um ,o-s‘ : um-‘:o TR T
10 keV 1.5mm

30 keV Lcm } Outside of cluster,

Cluster size distribution in Argon

60 keV 3cm not detected
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