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A Large lon Collider Experiment

ALICET A LARGE ION COLLIDER EXPERIMENT ALICE

A
A
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A dedicated heavy-ion experiment at the CERN LHC

Study of a high-density, high-temperature phase of strongly interacting matter: Quark-Gluon
Plasma (QGP)

Unique PID capabilities among all LHC experiments

Covers broad kinematic range TPC I

-
-
-,

Many different PID techniques

Excellent performance in Run 1 and Run 2

Transition Time of
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A Large lon Collider Experiment

THE ALICE TPC , ALICE
A Acceptance: |d|<0.9,pe«= 27

A Low-mass, high-precision field cage
A ~90 m3 active detector medium
A Gas:
A Ne-CO,-N, (90-10-5) in Run 1
A Ne-CO,(90-10) in Run 1
A Ar-CO, (88-12) in Run 2
A Ne-CO,-N, (90-10-5) in Run 2
A Ne-CO,-N, (90-10-5) in Run 3
> A 100 kV at the Central Electrode

A Eg =400 V/icm
A Vg =27cmle s
A maxty,=92¢ s
A 72 MWPCs with pad readout
W A Employ gating grid

HV electrode (100 kV)

field cage

<

A >550k pads in 159 rows

A 2x18 Inner and 2x18 Outer Readout
Chambers (ROCs)

49 7cm 114.2 cm

2920m
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A Large lon Collider Experiment

THE ALICE TPC , ALICE
A Acceptance: |d|<0.9,pe«= 27

Ve

HV electrode (100 kV) A Low-mass, high-precision field cage

A ~90 m3 active detector medium

field cage

ALICE performance
pp, (s=13TeV -
B=02T

Energy deposit per unit length (keV/cm)
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Momentum (GeV/c)

114.2 cm

Phys. Rev. D 98, 030001 (2018)
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A Large lon Collider Experiment

GATED OPERATION IN RUN 1 & RUN 2 ALICE

time >
event 1 even event\3 event\4
)\ J \ )\ )
I I i i
Drift time in TPC, Fixed gating grid closure Drift time in TPC, Fixed gating grid closure
gating grid open time, no event readout gating grid open time, no event readout

Multi Wire Proportional Chamber readout
A Apulsed gating grid is used to prevent back-drifting ions from the amplification stage to distort the
drift field (ion backflow (IBF) suppression ~10-°)

A 100 ¢ selectron drift time + 200/400 £ sgate closed (Ne/Ar) to minimize ion backflow and drift-field

distortions
A 300/500 ¢ sin total limits the maximal readout rate to few kHz (in pp)
A Limitation of readout electronics: ~kHz in Run 2 (2017 pp: 2040 Hz)
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A Large lon Collider Experiment

ALICE UPGRADE ALICE

A Motivation: high-precision measurements of rare probes at low p,
V cannot be selected with hardware trigger

ent | CERN-LHCC-2012-012 (LHCC-1-022)

V need to record large sample of events
A Goal: operate ALICE at high rate, record all MB events
V 50 kHz in Pb-Pb (~10 nb1 in RUN 3 and RUN 4)
V no dedicated trigger, reduce data size (online reconstruction +

Upgrade of the
ALICE Experiment

Letter of Intent

rade of the ALICE Experimi

or the Upg!

compression)

V preserve PID

Lol: https://cds.cern.ch/record/1475243

Upgrade of thg Upgrade of the Upgrade of the
Inner Tracking System Readout & Trigger System Time Projection Chamber

o s

Upgrade of the

ALICE Experiment

The Muon Forward Tracker
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A Large lon Collider Experiment

CONTINUOUS OPERATION IN RUN 3 AND BEYOND ALICE

time >

ANV
DL
T \4 A’

ISR 4
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Drift time in TPC
A Maximum drift time of electrons in the TPC: ~100 ps

Average event spacing: ~20 us

Event pileup: 5 on average

Triggered operation not efficient

Minimize IBF without the use of a gating grid

o To To o

Continuous readout with GEMs
(Gas Electron Multiplier, F. Sauli 1996)

F. Bohmer et al., NIM A 719 (2013) 101
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A Large lon Collider Experiment
/

ALICE TPC UPGRADE FOR RUN 3 ALICE

GEM-based readout chamber

A Micro-patterned gas detector for electron multiplication

A Proven to work reliably in high-rate applications

A Application in a TPC with continuous readout required
significant R&D effort in order to preserve excellent
momentum and dE/dx resolution

Requirements for GEM readout:

Operate at the gain of 2000 in Ne-CO,-N,
IBF<1%atgain=2000A U = 20

Local energy resolution Gg/E< 12% for >5Fe

Stable operation under LHC conditions

+ new electronics (negative polarity, continuous readout
mode)

+ novel calibration and online reconstruction schemes

(data compression by factor 10-20 and distortion corrections)

To o o o I

o

F. Bohmer et al., NIM A 719 (2013) 101, M. Berger et al., NIM A 869 (2017) 180
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