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QCD Future Physics Opportunities

Figure Credit: MADAI collaboration

Future physics opportunities for high-density QCD with ions and proton beams

» Characterising the macroscopic long-wavelength QGP properties (transport
properties, temperature, new phenomena related to strong EM fields)

» Accessing the microscopic parton dynamics underlying QGP properties

» Developing a unified picture of particle production from small (pp) to larger (p—A and
A—A) systems

» Probing parton densities in nuclei at small x and searching for the possible onset of
parton saturation

Future physics opportunities for high-density QCD at the LHC with heavy-ion and proton beams [arXiv:1812.06772v2]
Report from Working Group 5 on the Physics of the HL-LHC, and Perspectives at the HE-LHC
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ALICE 2 in Run 3 and Run 4
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Last updated: January 2022

Commissioning with beam
Hardware commissioning/magnet training

Physics goals
» Focus on high precision measurements of rare probes at low pr
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ALICE 2 in Run 3 and Run 4
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Physics goals
» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
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Comparison of different D-mesons is sensitive to the hadronization process of ¢ quarks in the QGP
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ALICE 2 in Run 3 and Run 4
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Physics goals
» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)

Run 3 + Run 4 Run3+Run4
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New observables in Pb-Pb: baryon production in the charm and beauty sector!
For the moment, only observed in pp and p-Pb collisions.
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ALICE 2 in Run 3 and Run 4
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Physics goals
» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)

Run 3 + Run 4 Run 3 + Run 4
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Insight into the interactions with light quarks of the medium and reveal transport
properties of the medium
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ALICE 2 in Run 3 and Run 4
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Physics goals

» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)

Run 3 + Run 4
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New observables in Pb-Pb: baryon production in the charm and beauty sector!
For the moment, only observed in pp and p-Pb collisions.

Last updated: January 2022

Charmed and Beauty baryons |n| < 0.9
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ALICE 2 in Run 3 and Run 4
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Physics goals
» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
 Charmonium states
— dissociation/regeneration as tool to study de-confinement and medium
temperature
 Dileptons from QGP radiation and low-mass vector mesons

— y symmetry restoration, initial temperature

* High precision measurement of light and hyper-nuclei
— production mechanism and degree of collectivity
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ALICE 2 in Run 3 and Run 4
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I

Commissioning with beam

sioning/magnet training

Physics goals
» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
 Charmonium states
— dissociation/regeneration as tool to study de-confinement and medium
temperature
 Dileptons from QGP radiation and low-mass vector mesons

— y symmetry restoration, initial temperature

* High precision measurement of light and hyper-nuclei
— production mechanism and degree of collectivity

Very low S/B ratio prevents
selection with hardware trigger
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ALICE 2 in Run 3 and Run 4
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Data taking strategy
» Record large minimum-bias data sample
— read out all Pb-Pb interactions up to maximum LHC collision rate of 50 kHz

— collect ZLpob-pb = 13 nb-1 (increase Run 2 minimum-bias sample by factor 50-100)
» Improve tracking efficiency and resolution at low-pr

— Increase tracking granularity
— reduce material thickness

» Preserve Particle IDentification (PID)
— Consolidate and speed-up main ALICE PID detectors
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ALICE 2 in Run 3 and Run 4

. LS2 upgrades

e e ®

Upgrade of the Upgrade of the
ALICE Experiment Inner Tracking System

T . i
=y M

——
CERN-LHCC-2012-012 CERN-LHCC-2013-024
e ©
“© |
CERN-LHCC-2013-019 7
N4 New Inner Tracking System (ITS2 =
(v New Inner Tracking Sys em ( )
) ‘
wi} New Muon Forward Tracker (MFT) ¢

5 New TPC Readout Chambers (ROCs)

=3 New Fast Interaction Trigger (FIT) detector

Q} Integrated Online-Offline system (O2)

P8 Readout upgrade for other detectors
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ALICE 2 - LS2 upgrade

New Inner Tracking System (ITS2)

ITS upgrade requirements
» Improve impact parameter resolution
* Reduce IP-to-first layer distance (new beam pipe) — 22 mm
* Reduce material budget — 0.35% Xo (Innermost layers)
* Reduce pixel size — ~30 x 30 um?=
» Improve tracking efficiency and pr resolution at low pr
* Increase granularity — from 6 to 7 layers, all pixels
* Increase readout capabilities — 7100 kHz

10 m2 active silicon area

ALPIDE Monolithic Active Pixel Sensor 12.5%10° pixels
» High detection efficiency (>99%) :
» Low fake-hit rate (<< 106 /pixel/event) ~ = 350;

RL{g_?OlOQS (15 x 10° events @ 50 kHz, VBB = -3 V, THR = 100 e tuned)

number of pixel vs hit frequency
I 1: 5853
B 2: 2991
I 3-100: 57
N 101-0.1%: 27
BN 0.1%-10%: 13
BN 10%-99%: 6
. >99%: 24

~6k / ~30M masked pixels
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(©))
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10710
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H |
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ALICE 2 - LS2 upgrade

MFT  Absorber
i MUON

Muon Spectrometer (MUON)

» Absorber suppresses all particles except muons

» Limitation: multiple scattering in absorber smears
track information at vertex

Muon Forward Tracker (MFT)

» Add vertexing and tracking capabilities to MUON
— matching muon track with MFT tracks
— prompt and displaced J/y disentangling
— precise measurement of low-mass dimuons

Fully based on ALPIDE MAPS

New Muon Forward Tracker (MFT)

dN/dM [events per 20 MeV/c?]

dN/dM [dimuons per 10 MeV/c?]

MUON Spectrometer Only

MUON + MFT

—T

MUON only : 0.0 < p!* < 10.0 GeV/c

MUON + MFT : 0.0 < p* < 10.0 GeV/c

107

1o°—§ J,/lP

JI'Y

dN/dM [events per 20 MeV/c?]

- -—_se
26 28 3 32 34 36 38 4 26 28 3 32 34 36 38 4
Mass [GeV/c?] Mass [GeV/c?]

— J/p background reduced by a factor 6-7
— Y(2S) visible even in central Pb-Pb

«106° MUON only : 1.0 < p.* < 10.0 GeV/c «10° MUON + MFT : 1.0 < p!* < 10.0 GeV/c

300 — === Expected Stat.for L_ =10 nb g I Expected Stat. forL_ =10 nb”
A ——— Cocktail without p % ——— Cocktail without p
—— cEoup s 1T —— c@om
— Rapp QGP o 80 - ——— Rapp QGP
——— Rapp in-medium SF ': T ——— Rapp in-medium SF
4 [
o ,
200 — 2
| S 60—
3 _
E
5 _
i = 40
E -
100 — 4
4 © -
20
0 —— 1T 0 L e
0 02 04 06 08 1 12 14 0 02 04 06 038 1 1.2 14

Mass [GeV/c?] Mass [GeV/c?]
— Low-mass region: mass resolution improved

— 5 peak visible
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ALICE 2 - LS2 upgrade

New TPC Readout Chambers (ROCs)

Readout chambers replacement. MWPC — GEM stack
» Removes rate restriction (due to the usage of Gating Grid)

» Reduces ion back-flow to under 1% — no Gating Grid
» Space charge distortions are minimised preserving PID capabilities

» Diameter/Length: 5 m/5 m
. _ » Gas: Ne-CO2-N2, Ar-CO2
Continuous readout TPC at 50 kHz — average pileup of 5 events » Max. drift time: ~100 ps

 more than 3 TB/s — GPU-based data reduction

20 e
[ UesUoen= 0-8 UpoVoen=095

GEM3 ~ GEM4 ]
——U_,=235V —o—U_ =235V
—=—U_, =255V —o—U_ =255V |

L —=—U_,=285V  —o—U_ =285V |

GEM2

New readout chambers: 4-GEM stack 15:'
» Combination of standard (S) and
large pitch (LP) GEM foils

» Highly optimised HV configuration

o (%)

10 |

pad plane

5 .............................
0.0 0.5 1.0 1.5 2.0 2.5 3.0

IBF (%)
Conservative operational limits: IBF < 1 %, local energy resolution < 12 %
Extended operational range: IBF < 2 %, energy resolution < 14 %
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ALICE 2 - LS2 upgrade

Integrated Online-Offline system (O?)

Readout upgrade for other detectors

O2/EPN
Event Processing Nodes

» Continuous readout
» Upgrade of all detector readout boards
» Heartbeat from CTP
» Timeframe (instead of events)

» Multi-step reconstruction chain
O2/FLP  Detector —» FLP — EPN — Storage

First Level Processors
’ » Synchronous processing (EPN farm)
» Data volume reduction (factor 35)
* Online calibration
» Clusterization and tracking (using GPUs)
— Compressed Time Frames (CTF)

» Asynchronous processing (EPN farm/T0/T1)
 Final refined reconstruction
— Analysis Object Data (AOD)

Disk Storage
CRO or CERN CC

AL =
T e i g
Central Triggér Processor (CTP) >

Distribution of timing info, heartbeat trigger

Tier0 Tier1

Pb-Pb @50 kHz IR
2 ms drift time
TPC reconstructed tracks from
different colour-coded events
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ALICE 2 - LS2 upgrade

TPC installation (Aug 2020) ITS installation (Feb-Jun 2021)

) T NNl

FIT installation (Jan-Jul 2021)
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ALICE 2 - LS2 upgrade

PILOT BEAM TEST (OCTOBER 2021)

ITS-TPC-MFT tracks online
ALICE _, 1 Time Frame = 11.5 ms (~6 collisions)

Run Number: 505673
Dale: 2021-10-31 6:44:27
pp: ECM = 900 GeV
Detectors: ITS, TPC MFT

Primary vertices Z, nContributors > 20

_ ALICE, pp, (s =900 GeV
) tri
TPC online s:::s sa(f'ﬁ
i f Std Dev 5517
Constant 1024 =55
Mean 0.1102 = 0.0240
Sigma 5.53 + 0.02

TPC dE/dx (arb. unit)

OF PID
ALICE Performance

pp Vs =900 GeV
Inl <0.8
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ALICE 2 in Run 3 and Run 4

=4 -
2012
Upgrade of the
ALICE Experiment

CERN-LHCC-2012-012

e
2013
Upgrade of the

Inner Tracking System

CERN-LHCC-201 3-024

Upgrade of the
Readout & Trigger System

L£O

-

CERN-LHCC-2013-019

e

Upgrade of the
Time Projection Chamber

(S s S ee

CERN-LHCC-2013-020

wwn ALICE

Upgrade of the
Online - Offline computing system

CERN-LHCC-2015-006

ALICE

2015

Muon Forward Tracker

2 ‘5;3?.\

CERN-LHCC-2015-001

~—|LS3 upgrades

‘ New Inner Tracking
System (ITS3)

New Forward
Calorimeter (FoCal)

-2020-009
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ALICE 2 - LS3 upgrade

q New Inner Tracking System (ITS3)

Truly cylindrical, wafer-size sensors for
homogeneous inner tracker with ultra-low
material budget

Silicon
0.7 1 — mean = 0.05%

0.6 4

0.5 1

.+ Material budget
" ~0.05% Xo
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X/Xo [%] for tracks in |n| <1
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Structural Shell
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https://arxiv.org/pdf/2105.13000.pdf

ALICE ITS3 Preliminary
Effect of curvature on pixel thresholds
for 50 um ALPIDE on carrier board
2020-05-27-003
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Well advanced R&D
» Bent ALPIDE (18 mm radius) as efficient as when flat
» Silicon bending procedure developed (thickness <50 um)
» New chip (65 nm technology)
* First digital/analog structures under characterisation
* First stitching application submitted for production

Inefficiency / 64 rows
(unassociated tracks / total tracks)

tps://arxiv.org/pdf/2105.13000.pd
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ALICE 2 - LS3 upgrade

q New Inner Tracking System (ITS3)

» Improved pointing resolution
and tracking efficiency for low

momenta (%2 at all pr)
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—— |TS2 standalone
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ITS 2 © |TS2 standalone (full MC)

ITS3 standalone
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o |TS3 standalone (full MC)
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Tracking efficiency [%]
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ALICE Upgrade Simulation
Pb-Pb \'s,, = 5.5 TeV, 0-10%
~—4— L,=3nb", B=02T

11< M, (GeV/c?) <2.0
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ITS3

Low-mass dileptons
and thermal radiation

» Better charm rejection (vertexing)

» Reduced contribution from conversion
(low material budget)

» Reduced systematic uncertainties by a
factor of 2

» Reduced statical uncertainties by a
factor of 1.3
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ALICE 2 - LS3 upgrade

q New Inner Tracking System (ITS3)

» Improved pointing resolution
and tracking efficiency for low

momenta (%2 at all pr)

Beauty-quark hadronisation

» Bg production expected to be enhanced 6@

 hadronisation of beauty quarks via
recombination + enhanced strange-quark

production in the QGP

» Significance improvement by a factor 2 with ITS3
— access to By at very low pr

10° 5
E —— |TS2 standalone
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ITSZ o |TS2 standalone (full MC)
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ALICE 2 - LS3 upgrade

q New Inner Tracking System (ITS3)

107 5 100
] —— |TS2 standalone
=== |TS2+TPC
ITSZ o |TS2 standalone (full MC)
—— |TS3 standalone
g R ——- ITS3+TPC _
. . . 2102 '2-\‘,.' o |TS3 standalone (full MC) =
» Improved pointing resolution §
and tracking efficiency for low : 1TS3 :
momenta (x2 at all pr) E ;
£ - —— |TS2 standalone
——= [TS2+4TPC
—— |TS3 standalone
—== ITS3+TPC
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» Measurement of Ag in Pb-Pb collisions already

accessible with ITS2
» Expected improvement of statistical significance up 10
to factor 2.5 with ITS3

Pb-Pb, |s,, = 5.5 TeV
L .=10nb™, 0-20%

+ ALICE Simulation
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ALICE 2 - LS3 upgrade

New Forward Calorimeter (FoCal)

Main goal
» Constrain gluon nuclear PDF at small Bjorken-x
— Measure isolated photons at forward rapidity

Main challenge

» Separate photons and 0 at high energy

— two photon separation from 10 decay ~2 mm

— small Moliere radius and high granularity readout

EM and DIS measurements

A102 T \HHH‘ T \HHH‘ T ‘ \H‘ T TTT

Q (GeV

Atz ~ 7 m from IP, 3.2 <'r] <5.8

10

FoCal-E
A — high granularity electromagnetic calorimeter for y and 10

— Tungsten alloy plates (3.5 mm ~ 1 Xo)

) 73 |
(Py) - — Silicon sensors with hybrid design
« Si-pads (~1 cm?) for energy measurement

1 IIIII\‘

T - ) ] * MAPS (~30%30 um?2) for two-shower separation
10° 10° 107 10° 1072 107 1 FoCal-H
X — conventional Pb-Sc sampling hadronic calorimeter for
Lol (CERN-LHCC-2020-009): photon isolation and jets

https://cds.cern.ch/record/2719928%In=en
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ALICE 3

2021 2022 2023 2024 2025 2026 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
J[FIMAMI[3]ATSION[D]3 FMA_MJ_JA_SO_N‘DJ‘F[M‘AvM‘JvJ‘A‘S‘O}N‘DJ‘F}M‘A}M{J}J{A}S{ONDJFMAMJ J[AIS|OIND[3[FMAMJ J.ASIO‘N’DJ’F‘M’A‘M’J‘J’A‘S’O‘N’DJ’F‘M‘A‘M‘JJASONDJ F.MA.MJ.JA.SO.NDJ‘FMAMMJAlSlO‘NlDJlFMAlMlJlJlAlS‘ONDJ FIMAM]3[3]AlS[ON[D|3 FMAMJJASON‘DJF|MAMJJASONDJ FMAMI[I]A] AM3[3]AIS[OIN[D|3 [FIMAM]3[3]AIS[OIND] M3 [3[A[SIOND)
Run 3 Long Shutdown 3 (LS3) Run 4 LS4 H Run 5 “
TR T [T T T T TTT] [T TR TTITTT]
[ ] [ I Last updated: January 2022
CE 2.1 | |
Absorber ECAL

Muon chambers — RICH

— Magnet
“Ambition to design a new experiment to
continue with a rich heavy-ion programme at
the HL-LHC” mentioned in the Update of the
European strategy for particle physics

A next-generation LHC HI (soft-QCD) experiment
_— » Compact, all-silicon “nearly massless” detector with
TrackerTOF excellent low-pr tracking performance

P SaTAEOT » Increase rate capabilities: luminosities x20 - x50 higher
than in ALICE 2

» Unprecedented insight into QGP

Expression of Interest (2019): https://arxiv.org/abs/1902.01211
Lol (2022) [LHCC-2022-009]: https://cds.cern.ch/record/2803563?In=fr
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ALICE 3

2021 2022 2023 2024 2025 2026 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
J[FIMAMI[3]AlS NDJFMA.MJ.JA.SO.N‘DJ‘F,M‘AYM‘JYJ‘A,S‘O.N‘DJ‘F}M‘A}M‘J‘J‘A‘S{ONDJFMAM.J].AS.ON.DJ.FM.AM.JJ.AS.ON’DJ’F‘M’A‘M’J‘J’A‘S’O‘N‘DJ‘F‘M‘A‘M‘JJASONDJF.MA.MJ.JA.SO.NDJ‘FMAMHJAHO‘NlDJlFlMlAlMlJlJlAlSONDJFMAMJJASONDJFMAMJJASON‘DJFMAMJJASONDJFMAMJJA AM3[3]AIS[OIN[D|3 [FIMAM]3[3]AIS[OIND] M3 [3[A[SIOND)
Run 3 Long Shutdown 3 (L53) Run 4 LS4 H Run 5 “
RO T T TTTT] [T DT T T TITT] TTT] [T TR TTITTT]
[ ] [ I Last updated: January 2022
ALICE 2 ALICE 2.1 | |
Absorber ECAL

RICH Physics program

» Charm and beauty hadrons correlation over a wide
rapidity range

» Systematic measurements of multiply heavy-flavoured
hadrons (expected enhanced production from the QGP)

» Production and behaviour of the charmed exotic states
‘ in the QGP and their structure

~~~~~ » Multi-differential measurements of electromagnetic

radiation from the QGP (probe early evolution and

restoration of chiral symmetry)

TOF » Measurements of net-quantum number fluctuations

over a wide rapidity range (constrain susceptibilities of

QGP and to test the realisation of a cross-over phase

transition)

Muon chambers — — Magnet

Tracker
Vertex detector

Expression of Interest (2019): https://arxiv.org/abs/1902.01211
Lol (2022) [LHCC-2022-009]: https://cds.cern.ch/record/2803563?In=fr
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ALICE 3

A next-generation Heavy lon experiment
» Ultra-lightweight silicon tracker with excellent vertexing
— 12 tracking barrel layers + disks based on MAPS
» Particle identification
— TOF determination (20 ps time resolution), Cherenkov, pre-shower/calorimeter
» Dedicated forward detector for soft photons (conversion + Si tracker)
» Fast to profit from higher luminosity (x20 - x50 higher than in ALICE 2)
» Kinematic range down to very low pt: 50 MeV/c (central barrel), 10 MeV/c (forward
dedicated detector)
» Transverse momentum resolution : ¢,/p ~ 1 %

» Large acceptance: barrel + end-caps Ay = 8

Setup withB=05T ALICE 3 overview

900 0.90.0.90.90.0.0_¢
0.0.0.0.0 6,06

PR LU L O A LU AU AV AU AV ACACACATATA &

3 4 5

INFN 2022 | 9 May 2022 | Domenico Colella 26



ALICE 3

Inner tracker

Position resolution ~ ~1 um -
. X/Xo per layer ~0.1% H ‘
Main R&D challenges T B |
» Inner tracker Innermost radius 5 mm
— ultra-thin layout: flexible wafer-scale sensors (MAPS/ITS3) Outer tracker
— minimal distance from IP requires retractable detector Position resolution  ~10 m
— position resolution O(1 um) requires small pixel pitch X/Xo per layer ~1%
MAPS pitch 30 - 50 um

» Quter tracker
— large areas to instrument O(100 m2): develop cost-effective sensors
— low material budget requires low-weight support and services
Time of Flight

» Tlme Of Fllght ) ) Radial position 20-100 cm
— TOF resolution < 20 ps needed on the system level requires Time resoluion | ~20 ps
advances both on sensors and microelectronics XiXo per layer 1 3%

— large areas to instrument: develop cost-effective sensors Cell pitch 1 mm AC-LGAD
L s AR
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y (cm)

ALICE 3

Multi-charm baryons £ 10 B R A S
» Extreme benchmarks for hadronization mechanisms f - ALICE 3 study T3
in small and large systems S 10 - n=0 R_=100om  °
 Large enhancement (up to x1000) w.r.t. SPS if 2 | s
formed by coalescence of uncorrelated charm quarks o102 o TS .
C - 3
Q nd €2 n served E f
» CcC a d ccC Ot yet Ob g i
< 10g ALICE 3
|dentification through topological reconstruction i
_ — 1 N
vool Avces rargmmon ‘ . /g/e Bt T 7% _ - impact parameter resolution
R 3 ‘ RTIIS. - ~10 ym @prt = 200 MeV
AL il - i(;)/-100 ] 10—1 IllIlI 1 1 Illllll 1 1 lllllll 1 |
500 3 102 107" 1 10 10
T | = B - A daughters pT (GeV/C)
. :ci 30 % : . :
é [~ 20 s }E) L ‘: _
50} g | Aflightpath S, 101 =
—  Epr. L B T E
I ] - = fight path i i
-100p ‘ L | | (nouoﬂmlc) B Y EZZ 1
-100 50 0 50 ngr(r)‘) 1? iy E
- ALICE 3 Study 3
B Pb-Pb 0-10% PYTHIA 7
Impact parameter, momenta resolution and PID 107" Fll saparce cvr <k
. - article + antiparticle .
are key technologies to be pushed at the state of art - L= 380" .
e b b by by by
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SUMMARY

ALICE 2 - LS2 (now) — Upgrade of ALICE on track

ALICE 2 -LS3 (2029) — New upgrades for Run 4
» FoCal: photons, 119, jets in the forward region to constrain gluon nPDF at low Bjorken-x
» ITS3: truly cylindrical silicon layers made of ultra-thin wafer-size MAPS

* low-mass dielectrons (— QGP temperature)

» improve HF-particle performance + search for exotic charm nuclei

ALICE 3 (beyond 2035) — Continue heavy-ion programme in HL-LHC era
» Possibility of a “nearly-massless” silicon detector
* multi-HF particles

 low-mass dielectrons and soft photons

Plasma di quark e gluoni Il
Inspecting the charm hadronization via measurements of charm baryon production in hadronic collisions with the ALICE experiment at the LHC - M. Faggin (Tuesday 11:05)
Strange hadron production in and out of jets in proton-proton collisions with ALICE - C. De Martin (Tuesday 11:25)

Charged particle production as a function of underlying event-activity and search for jet-like modifications in small systems with ALICE - S. Tripathy (Tuesday 11:45)
Measurement of light (anti)nuclei production with ALICE - A. Balbino (Tuesday 12:05)

Strangeness production in pp as a function of particle multiplicity and effective energy with ALICE - F. Ercolessi (Tuesday 12:25)
Poster session

ALICE Muon Spectrometer upgrade and commissioning for the LHC Run 3 - L. Terlizzi
First bent wafer-scale sensor in truly-cylindrical geometry for the ALICE ITS3 detector - A. G. Torres Ramos

Light flavour production at the LHC: latest results from Run 2 and towards Run 3 - N. Jacazio M Ore from ALIC E at
Measuring yp at the LHC with ALICE via antiparticle-over-particle ratios - M. Ciacco -
Hypertriton production in large and small systems - F. Mazzaschi th Is co nfe re n ce

Non-prompt DS+ mesons production in pp and Pb-Pb collisions with ALICE - S. Politano

Charged K* multiplicity dependent analysis in pp collisions at f = 13 TeV with ALICE - A. Rosano

Produzione di lesioni D in collisioni pp con ALICE a \/_ = 13TeV in LHC in funzione della molteplicita - M. Giacalone
Investigating heavy-flavour fragmentation and hadronization with jets and correlation measurements with ALICE - A. Palasciano
Inclusive muon elliptic flow measurement in pp collision at \/_ = 13 TeV with ALICE experiment - S. Boi
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ALICE 2 in Run 3 and Run 4

2021 2022 2023 2024 2025 202 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
AM[3[3]ASIONID 3 [FIMIAIM[3[3 ASON}DJl\F‘lM}A}M}J}J{A}SI‘O\lNgDJgF}MgA}MHJIA}SIONDJ FIMAIM[3]AS[OIND|3[FIMIAIM[J JASiOiNiDJiFiMiAiMiJiJiAisioiNiDJiFiMiAiMJ J/AISIOINID|J[FMAMI[3]AISOINID JTFIMIAM 3[ATSIOINIDL [FMAM 3 [3TAISION DL [FMAM 3 3 [AISIOINIDL TFMAM 3 3 [ATSIOIND! 3 [FIMIAIMT 3 TAISTOINIDL [FMAIM 3 3 ATSIOINIDL M AM 3 3 [AJSIOINDL TFMIAM 3 3 [ATSIOIND! ) [FMAMI3 [DTAISON
Run 3 [ Long Shutdown 3 (LSB)J Run 4 LS4 Run 5
I T TT (T T T I INRNANNRN 0 ARARN [T IO T I
gr:tt::sw:g:izl;nicalstop LaSt updated. January 2022
g:)r:\missioning with beam
Hardware commissioning/magnet training

Physics goals

» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
 Charmonium states

Run 2 Run 3 + Run 4

E 0.25 T~ 1 ¢ 1 1 ] P, 0-2 LS L S S S B W S S S B L BN BN B H
w C ALICE Preliminary ¢ V,{(EP,An=1.1} 3 i [ ALICE Upgrade Projection, 10 nb™ .
R - = C Pb- -40% \(S\y = n
»' 02 - Pb-Pb \s,, =5.02 TeV, 20-40% global syst: + 1% -] g 0.15 il Pt:) 20-40% ysyy =5.02 TeV,2.56<y <4 .
- _ - g [ Inclusive J/yp — pfu- 7
0.15 :— Inclusive J/ly — u'u,25<y<4 e . :_ - _:
- + + . i, n - .
0.1 ‘ E S + -
0.05 ; B -/ T -
0F - : a
u R. Rapp et al., inclusive J/y ] N Transport Model (TAMU) .
-0.05 :— . _ —: -0.05 - |hcusive Jhp g
- R. Rapp et al., primordial J/y B D Primordial J/y .
_0 1 C 1 1 1 | L 1 1 l L 1 1 l L 1 1 | 1 1 1 | 1 1 1 n _0.1 i1 1 l L1 1 l L1 1 l i1 1 l L1 1 I L1 1 l L1 ]

"0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
P, (GeV/c) P, (GeV/c)

J/W prompt - decay separation thanks to improved vertexing capabilities
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ALICE 2 in Run 3 and Run 4

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
AMI[3[ATSIOINID| [FMAM3[3 ASONlDJ\F‘IM}A}M\J\J}A}SI‘O\NIDJIF}MgA}MIJ\JIA\SIONDJ FIMAM3[3[AISOINDLI[FIMA ASiOiNiDJiFiMiAiMiJiJiAis\loiNiDJiFiMiAiMJ SION DI FMAM|JIAISIONDI, [FiMIAM 3 [ TAISIONIDL [FMAM3 3 [AISIOINIDL TFMAM 3 3 [ATSIOIND! 3 [FIMIAIMI [ TAISTOINIDL [FMAME3 3 ASIONID.3 [FM AM 3 3 [ATSIOINIDLTFIMIAM 3 ATSIOINID! [FMAM 3 [3TAISION D [FMAM T3 SO
Run 3 [ Long Shutdown 3 (LSB)J Run 4 LS4 Run 5
IR T TR TTT1T] TP I T [T I TTT I
Probns e 40P Last updated: January 2022
g:)r:f\missionmg W|th beam
Hardware commissioning/magnet training

Physics goals

» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
 Charmonium states

* Di-leptons from QGP radiation and low-mass vector mesons
Run 2 Run 3 + Run 4

':N1o:lllxl|1||| ||||||||||||||||| B 'g\ ET 7T ITI1I|TII|1rT||1|.|r:
S -~ PbPb @\[s,, =5.5 TeV Rapp Sum E S - PbPb @ Sy =55 TeV Rapp Sum 3
(7 C 0-10%, 2.5E7 Rapp in-medium SF 1 8 " 0-10%, 2.5E9 Rapp in-medium SF ]
) | <0.88 Rapp QGP ] = I | <0.84 Rapp QGP

> Y ! <0. — > e " —#— 2.5E9 'meas.' - ¢C - cockt.
T Teeozeeve o o e B,107 5 py>02Gevie 777 Syst. err. bkg. E
% F| 0-0< Pree < 30 £ Syst. err. c€ + cocktail g E 0.0< Pree < 3.0 E—1 Syst. err. c€ + cocktail E
o] T

III
—
Qe
N
T T lllllll

-
o

—
< -
| T T TTTIT

Low Mass Dielectrons |n| < 0.9

: E 10°E
10°F 10%E
10-4 111 I 1 11 : :“‘E [’ g l : §|E ] ;”E 10-5 I L 1 1 l 1 1 1 l 1 1 1 l 11 1 l 11 1 l 1 1 1 l 1 1 1 1
. 0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14
Observable sensitive to: M, (GeV/c?) M,, (GeV/c?)

» The modification of the p meson spectral function due to chiral symmetry restoration
» Thermal radiation from QGP
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ALICE 2 in Run 3 and Run 4

2021 2022 2023 2024 2025 202 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
AM[3]3[AISIOINID] 3 FIMAM3[3 ASONlDJl\F‘IM}A}M}J}J}A}SI‘O\lNgDJgF}MgA}MHJIA}SIONDJ FIMAM113]AISTOINID[JFIMIAM ) JAS\|0|\N\|DJiFiMiAiMiJiJiAiSioiNiDJiFiMiAiMJ J|AISIOINDLI[FIMAIML |3 [AISIOINID] 3 FIMAM 3 [AISIGNDD [FMAM 33 [ATSIONDL [FMAM 3 3 ASIONIDL 3 TFIMIAIMI [3TATSIOIND! 3 [FIMAIML3 13 [AISIGND [FIMAM 3 3 [ATSIOINIDD [FM AM 1 3 ASIONIDL TFIMIAIMI [3TAISIOIND! ) [FIMAMD [ A'SION
Run 3 [ Long Shutdown 3 (LSB)J Run 4 LS4 Run 5
IR T TR TTT1T] TP I T [T I TTT I
Protons pymce P Last updated: January 2022
2:::1 g with beam
Hardware commissioning/magnet training

Physics goals

» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)
 Charmonium states
* Di-leptons from QGP radiation and low-mass vector mesons

Run2 Run 3 + Run 4

Y L A R

R A B

L I T 17 17 I L I T T T ] T T T

% T E 3 '
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i [} 02<P,,<8GeVic.in|<08.... ysye'e, nswe'e . o  0-10%, L,, =3 nb" Rapp QGP ] v
3 b\ p.,, <8GeVic ee O-90°F), 0-42'0% - i Lo light-hadron decays w/o p |
_s 10 & "7 o—e’e, o-me'e, o-n'e'e 3 San-1l_ 'TS2, B=02T DN v P =
: et E 3107 s el 3 E
.--- bb—e'e x N . © ” o o ‘measured’ 3
) ; o ] =
4 — HG + in-med. p (Rapp) ° >0.2 GeVic i 1 0
* 1} — QGP radiation (Rapp) - s P, Syst. uncert. sig.+ bkg. -
< 3 Adv. HEP 2013 (2013) 148253 3 T I Sum i (o)
= and PRC 63 (2001) 054907 ] : ) s
10" = 10 B{ —§ 8
........... "o i ] —
N Y g o\ NN e, - S |\ i Q2
102 "% VTN N —— = |\ i =
--------------------------------- S10°E\__ ) E n
_ : B ) : o
8 15F K 4 ' \ ] ©
s - | : —
<3
o ' : 10°E = 3
S 05 * - = = (o]
© ( (] ] - ] |
o) . " - - : ; ) ] - 1
0 02 04 06 08 1 12 14 16 =TI AT B el by o
M, (GEV/C?) 0 0.5 1 1.5 2 2.5
M., (GeVic?)

Improvement of dielectron mass spectrum
Background yields from know hadronic + HF decays can be subtracted precisely
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ALICE 2 - LS3 upgrade

q New Inner Tracking System (ITS3)

100

10° 5
E —— |TS2 standalone
—=—= ITS2+TPC

ITS2

—— |TS3 standalone

© |TS2 standalone (full MC)

g R ——- ITS3+TPC _
. . . 2 107 - s o |TS3 standalone (full MC) =
» Improved pointing resolution F1
and tracking efficiency for low : ITS3 §
momenta (x2 at all pr) E o) ;
s - —— ITS2 standalone
——= [TS2+4TPC
—— |TS3 standalone
—== ITS3+TPC
000 01 o203 05 1 2 3 5 10 20 2 .05 01 02 03 0.5 1
Transverse momentum [GeV/c] Transverse momentum [GeV/c]
[AUCE-PUBLIC-2018-013]
(Atn) - dK nt
_ c
c-deuteron s e
< ALICE simulation — primary d ALICE simulation — primary d
010 | PoPo VS =55TeV  _giomd, —dK nay POPOVSW=55TeV & gfomd, —dK
g T<p <2 GeV/c 1<p . <2GeVic
: . Q. [ ITs2 ITS3 'R
» Predicted in 70 [PRL 39, 1506 (1977)]  £10
— Never observed £ 1o
o
» Bound state of AT and a neutron z
» Impact parameter distribution of decay 10 gt | v ;
deuteron crucial to discriminate signal o b o — "I e el — I|‘| T
from background ‘ b
10_6.I...|...l...|..I..I...I...I...I...I.
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
DCA,, (cm) DCA,, (cm)
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ALICE 2 - LS2 upgrade

= @ New Fast Interaction Trigger (FIT) detector

FIT is the upgrade of the TO, VO and AD detectors:

FT0-C Cherenkov detector || FDD-C scintillator array | FDD-C
-34<n<-23 -6.9<n<-49
-0.8 m away from IP -19.5 m away from IP

22<n<5.0

FVO0 scintillator detector

3.5 m away from IP

FTO-C

triggers, luminosity monitoring, background 385050

reduction, collision time for PID, centrality and event

plane determination

» Cherenkov radiators (quartz) + Micro-channel plate
PMTs [latency < 425 ns and time resolution < 20 ps]
» Large area scintillators [latency < 425 ns and time

resolution ~250 ps]

3.5 m away from IP

FTO0-A Cherenkov detector.

FDD-A scintillator array
47<n<6.3
17.0 m away from IP

FDD-A

FT0-A |
W

w
»

- ALICE simulation

3
c
.2 - rjryrrrjrrrrgyvoeTrTe T T T — % 3: Pb‘Pb, VSNN = 5.5T9V
o - ! - 3 » : : i i
3 1800~ ALICE UPGRADE Simulation 6=7ps 3 ¢ L c
S E_ HIING, QED = £ (o)
§ 1600 poopo, 5, = 5.5 Tev = 8 2.5 =
£ - e & F >
2 1400 7 c o [ )
1200~ 42 3 2r 3
= 13 2 =
1000 p— -1 L P
E 319 1.5 =
800~ 49 Bl S
E = - s
600 — A - ) 1 | , , c
- (=] time i E - —— ToA+ 8
400E- ~— Gaussianfit o b= - —4— ToC+
200~ o 0.5p | —4— VoA
=PEPEPENE ST PP | - i —4— FIT (TOA+ & TOC+ & VOA+)
%60 -150 -100 -50 0 50 100 150 200 ot | | | | | | |
Arrival time (for a fixed flight path) (ps) 10% 20% 30% 40% 50% 60% 70% _80%
Centrality class
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ALICE 2 in Run 3 and Run 4

2021 2022 2023 2024 2025 2026 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
AM.[J[AISIOINIDLI[FIMAM3[3 ASON}DJ}F}M}A}M‘U}J}A}S‘\OHDJl\F}Ml\A}MHJIA}biUN I[FIMAMI ] IAISIOINDL [FIMAM.) JAS\|°|\N\|DJiFiMiAiMiJiJiAisioiNiDJiFiMiAiMJ 2 AISIONDUIFMAM IS ONDI T M A [ TAISIOIND! FIMAM 3 T3 [A/SIONIDL [FMAIMT 3 ATSIOINIDL T MAM 3 [3TAISIOIND! 3 FIMAM 3 T [A/STOINIDL [FMIAM 3 ATSIOINIDL3 [FMAM [ TAISIOIND! T FMAM 3 T3 [A/SIONIDD [FMAIMII S [ATSION
Run 3 | Long Shutdown 3 (L3) | Run 4 Ls4 Run 5
IR T TR TTTTIT] LT I T TITT1T] [T TR T
Stusdown/Tachricl sop Last updated: January 2022
?()rl":missioning with beam
Hardware commissioning/magnet training

Physics goals
» Focus on high precision measurements of rare probes at low pr

* Heavy-flavour mesons and baryons (down to very low pr)
— mechanisms of quark-medium interaction

« Charmonium states
— dissociation/regeneration as tool to study de-confinement and medium temperature

* Di-leptons from QGP radiation and low-mass vector mesons
— y symmetry restoration, initial temperature

* High precision measurement of light and hyper-nuclei
— production mechanism and degree of collectivity

» Very low S/B ratio prevents selection with hardware trigger
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512 rows

ALICE 2 - LS 2 upgrade

New Inner Tracking System (ITS 2)

Based on the ALPIDE Monolithic Active Pixel Sensor ITS (Run 1/Run2) |  ITS2

» In-pixel amplification, shaping discrimination and Number of layers 6 (pixel, drift, ustrip) =~ 7 (MAPS)
Multiple-Event Buffers (MEB) Rapidity range Il < 0.9 il < 1.3

» In-matrix data Sparsification Material budget per layer 1.14% (SPD) 0.35% (IB)

» High detection efficiency (>99%) and low fake-hit rate

Distance to interaction point 39 mm 22 mm
(<< 10-6 /pixel/event)
» Radiation tolerant: Pixel size 50 x 425 ym2 29 x 27 ym?2
> 270 krad TID Spatial resolution 12 um x 100 ym 5 ym x5 um
>1.7x1012 1 MeV/neq NIEL Max. readout speed Pb-Pb 1 kHz 100 kHz

» Low power consumption ~40 mW/cm?2

Outer Barrel (OB)
144 staves

1024 pixel columns

In-pixel read-out electronics

ONoonoonoono AM C° '

o il e o S otovas
m {mw{nw{nlu){n R /5 g =

OEIOOEIDOEIDDED

0| 00| 100! 00| |

UTUMTUbTUUTL_ R

Bias, Data Buffering, Interface ‘

10 m2 active silicon area
I t it Cin=5fF .
Input charge Qn(MIP) = 1300 & — \V = 40 mV 12.5%109 pixels

Priority Encoder + Double Columns Collection electrodes pitch: 28 yum
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Fake Hit Rate / pixel / event

ALICE 2 - LS 2 upgrade

Jan 20 @

New Inner Tracking System (ITS 2)

Detector Construction and Assembly

» ~72000 chips — ~2600 Hybrid Integrated Circuits (HIC) — ~280 Staves
— (chip yield ~ 65%, HIC yield ~ 85%, Stave yield ~ 95%)

» >10 production sites in Asia, Europe and Unites States of America

» Stave integration completed in January 2020

On-surface commissioning
<«—— with final services ongoing
until December 2020

Dec 20 . .
Installation in
+—
Mar 21 ALICE cavern
Global
<—— commissioning
in ALICE
i o Performance |
Rli(r;_(S)OlOQS (15 x 10° events @ 50 kHz, VBB = -3 V, THR = 100 e tuned)
number of pixel vs hit frequency
106 . 15853 —_ ,
B 2: 2991 m oy
10-7 M- | 3-100: 57 = Example threshold map .
BN 101-0.1%: 27 0 O
. . 0.1%-10%: 13 —_ 3,2 N
107 B 10%-99%: 6 9 & 153 o
i — >99%: 24 — ey 7168 14336 21504 _ 28672 35840 43008 50175 e
10 ch . Example noise map (hits enlarged by a factor of 50) P N E
10-10 o B . m
) b o
1011 c ° : : , : : , , 1)
cC Fake-hit rate < 10-9/pixel/event masking less than 200 pixel/chip (average ~50 pixel/chip) >
to2 — Threshold tuning to 100 e-working to 2 e- precision (on-chip spread: 20 e-) , O
0
0 102 103 104
# Masked Pixels (out of 28 x 106)
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ALICE 2 in Run 3 and Run 4

021 02 2023 2024 2025 202 2027 202 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
AM[3[3|A[S[OINID] 3 FIMIAIM]3 JASONDA‘E\M\A@H%%Q%EJ FIMAIM[3]ASIOIND| 3 [FIMIAIM][3]A[SJOINID| 3 [FIMIAIM[ 3 [A[S[OINIDI 3 [FIMIAIMI 3 [A[S[OINID] 3 FMIAIMI 33 A[S[OINID] 3 FIMIAIMI 3 JASONDJ\FlM\AlMlJ\JlA\s\oHDJlF\M\AlM\J\JlA\SONDJ FIMAM]3[3]AISIOINID| 3 [FIMIAIM3 [3 [AS]OIN[D|3 | FIMIAMI3 [3 [ATSIOIND|3 [FIMIAM3 [3JA[S|OIN[D]3 FMAlM\J\JlA\s\oHDJlF\M\AlM\J\JlA\s\oMEJ FIMAM3[3]AIS]OIND)
||||||||||||||||H ] ] O I e
Run 3 [ LongShutdownB(LS3)J Run 4 LS4 Run 5
DT TN LT LTI [T T O T [T T

=

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training

Physics goals

Last updated: January 2022

» Focus on high precision measurements of rare probes at low pr
 Heavy-flavour mesons and baryons (down to very low pr)

« Charmonium states

2 L L L I LJ T ] L I LJ L L] LJ I L T Ll L) I T LJ L) Ll I 1 LJ T T l LJ L] L L] I LJ L T T l a
C a
1.8 :— ALICE inclusive Jiy, y(2S), Pb-Pb fS_NN =5.02 TeV, 2.5<y<4, 0<pT<8 GeV/c 92
16 5
14F —— y(28) (Preliminary) )
12 — J/y (arXiv:1606.08197) 0’
B . Upper limits include global uncertainties g
1 - L -—
; i
0.8 —D U m 4 m o - o © m
0.6 (o m
0.4
02t I
0 : A A l ' s a A ' l ' A A ' l < L ' A l 1 A ' ' e l 1 A ' 1 l ' ' ' L l ' e A A A l
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N ot

. . . ~ 0.35

- y(2S) statistical model scenario Q i y(2S) pp scenario
0.9F > F
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0.8 o I

- s 1

- b~ L || =
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0.6 o pLn
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ALICE 2 - LS 2 upgrade

New Muon Forward Tracker (MFT)

Assembly and integration completed

:
= ik -

» Based on ALPIDE chips
— 920 chips assembled on 280 ladders
— 10 half-disks, 2 detection planes each
— total surface = 0.4 m2

» Pseudorapidity coverage: -3.6 <y <-2.45
» Expected doses:

— < 300 krad TID
— < 2x1012 1 MeV/neq NIEL

Disk 3

Threshold Map

3000 300
2500 250
2000 200

> 1500 150
1000 100
500 %0

0
° & q5>°° q@e & %@e &
X

Disk O
(z=-46 cm)
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ALICE 2 - LS 2 upgrade

e

New TPC Readout Chambers (ROCs)

Time Projection Chamber

» Diameter/Length: 5 m/5 m Previous detector (Run 1 and Run 2)
» Gas: Ne-CO2-N2, Ar-CO2 « 72 MWPCs
» Max. drift time: ~100 ps * ~550000 readout pads

» Wire Gating Grid to minimize lon Back-Flow (IBF)

» 18 sectors on each side . Rate limited to few kHz

» Inner/outer readout chamber:
IROC, OROC .
———————— \ TPC Upagrade requirements
* Nominal gain = 2000 in Ne-CO2-N2 (90-10-5)
« lon Back-Flow (IBF) < 1% (& = 20)

« Energy resolution: oe/E < 12% for X-ray from 33Fe

« Stable operation under LHC Run 3 condition
* Unprecedented challenges in terms of loads and
performance

Operate the new TPC at 50 kHz — no Gating Grid
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ALICE 2 - LS 2 upgrade

Energy resolution vs IBF

u_./U_ =08 u._. /. =095

GEM3 ~ GEM4 GEM3 ~ GEM4

—*—Uy,,s235V  —o—U =235V ]

GEM2

—=—U,,,=255V —o—U_ =255V

GEM2

—=—U,,=285V  —o—U_ =285V |

New readout chambers: 4-GEM stack
« Combination of standard (S) and
large pitch (LP) GEM foils
 Highly optimised HV configuration
* Result of intensive R&D

pad plane

5 . S
00 05 10 15 20 25 30

IBF (%)
Conservative operational limits: IBF < 1 %, local energy resolution < 12 %
Extended operational range: IBF < 2 %, energy resolution < 14 %

3.3TB/s

Readout Electronics
* Newly developed FE SAMPA ASIC (130 nm CMOS by TSMC)

— 32 channels, PASA pre-amplifier + 10-bit ADC
500 GB/s — Programmable conversion gain and peaking times
— Readout mode: continuous or triggered
* Front-End Cards (FECs)
— 5 SAMPA chips per FEC (3276 FECs in total)
— System continuously digitises signals at 5 MHz
— All ADC values read at 3.3 TB/s and sent to CRU

20 GB/s

Yield = 97.4%
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ALICE 2 - LS 2 upgrade

New TPC Readout Chambers (ROCs)

: Perfomance
Laser tracks in the TPC

£ F Noise figure |
=~ I g |
200_—
1001
oF
~100F
~200F
:IlIIIIllllllllllllllllllllll — . — — — Il‘60
-200 -100 0 100 200 pad row
x (cm)
Particle tracks in the TPC
Max Values OROC A03 (39) Event 98 Max Values OROC A01 (37) Event 8 Max Values OROC A03 (39) Event 111
g g &
40
20

TPC installed in the Cavern

o
AN
o
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-
2]
)
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)
<
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S
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X/Xo [%] for tracks in |n| <1

ALICE 2 - LS 3 upgrade

’ New Inner Tracking System (ITS3)

Other

0.7 1 . Water
I Carbon

Aluminum ‘__\
0.6 1 EEm Kapton

E Glue 0.8

Silicon
0.7 —— mean = 0.05 %

Silicon
—— mean =0.35%

0.4

o
o
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ot
wn

o
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Azimuthal angle [°]

X/Xo [%)] for tracks in [n] <1

I
N

1
o
i

o
=)

10 20 30 40 50 60
Azimuthal angle [ ]

o

Implementation
» Air cooling
— possible below 20 mW/cm2 and if peripheral outside fiducial volume

» Wafer-scale chip
— Stitching to overcome reticle size limit
— Neither support structure nor electrical substrate necessary

» Thinning and bending
— Currently 50 ym (25 um active area)

— Below 50 ym Si wafers become flexible, “paper like”
— Smaller pixels would allow shallower active volume

Observations
» Silicon makes only about 15% of total material
» lrregularities due to support/cooling and overlap

Improvements
» Removal of water cooling
— possible if power consumption stays below 20 m\W/cm?2
» Removal circuit board (power+data)
— possible if integrated on chip
» Removal of mechanical support
— benefit from increased stiffness by rolling Si wafers

ww ST

1n2. |esayduiad

(syull g s1anq eiep 2180] [439)
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ALICE 2 - LS 3 upgrade

q New Inner Tracking System (ITS3)

Layout and Mechanics

» Smaller beam pipe diameter and wall thickness (0.14% Xo)
» Sensor thickness 20-40 ym (0.02 - 0.04% Xo)

» Total material reduced by a factor 3

» Material homogeneously distributed
— essentially zero systematic error from material distribution

» Sensors held in place by low-density carbon foam

» Cooling at the extremities (chip peripheries)

Cylindrical
Structural Shell

Half Barrels

» Improved pointing resolution
and tracking efficiency for low
momenta (x2 at all pr)

y Improved physics

measurements for heavy-
flavour baryons and low-mass
dielectrons

10° 5

-
o
~

re pointing resolution [um]

10! E

—— |TS2 standalone
=== ITS2+TPC

o |TS2 standalone (full MC)

—— |TS3 standalone
=== |TS3+TPC

s
.
e

R
l...
....
25
X
o
oy
D

R -
~So 9
S

———

o |TS3 standalone (full MC)

0.05 0.1 02 03 05 1 2 3 5 10

Transverse momentum [GeV/c]

100

Tracking efficiency (%]

—— |TS2 standalone
——- ITS2+TPC
—— |TS3 standalone
—== ITS3+TPC

0.05 0.1 0.2 0.3 0.5 1
Transverse momentum [GeV/c]
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Backup - ITS 3 details

f [ P X New Beampipe: r ~ 16mm;, AR = 0.5mm Beampipe inner/outer radius (mm) 16.0/16.5
""‘.' e LSmirn L3 e 2Amm, £z e 20 mm IB Layer parameters Layer 0 Layer 1  Layer2
/| | nm Radial position (mm) 18.0 24.0 30.0
AR / / ~280 Length (sensitive area) (mm) 270 270 270
i R Pseudo-rapidity coverage® +2.5 +2.3 +2.0
Active area (cm?) 305 408 508
Pixel sensors dimensions (mm?) 280 x 56.5 280x75.5 280x94
Number of pixel sensors / layer 2
Pixel size (um?) 0(15 x 15)®
“The pseudorapidity coverage of the detector layers refers to tracks originating from a
Beampipe . c?llision at the nomiqal inlcra?‘tion .poir'\l (z=0). .
IR 16 mm For the fallback solution the pixel size is about a factor two larger (O(30 x 30) pm*).
AR 0.5mm

Beam pipe thickness: 500um (0.14% X,)
Sensor thickness: 20 = 40um (0.03 - 0.05% Xo)
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Backup - ITS 3 details

‘© —
To) _
~ 40000 ALICE ITS3 Preliminary
g 35000 f_ Effect of curvature on pixe.l thresholds
al B for 50 um ALPIDE on carrier board

30000 — 2020-05-27-003

25000 — flat

— e Dbentto 16 mm

20000— curvature radius .

15000 f—

10000 f—

5000 —
O — | | | | | ! | | | | | |
0 20 100 150 200 250 300

Threshold (e)
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Backup - FOCAL-E performance

o / E (%)

10

Simulation (ideal detector)

© Simulation (real detector)
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Backup - ALICE 2 Tracking in central barrel (|n| < 0.9)

Space-Charge Distortions in the TPC

TPC GEM configuration designed to reduce to the minimum the ion backflow (< 1%)
o Still, positive charge accumulating and moving in the TPC - modified E-field - distortions in the TPC

Expectations for Pb-Pb @ 50 kHz:

http://cds.cern.ch/record/1622286/

Run 2 strategy for
average (*) distortions:

¢ # Fluctuations will have to
be accounted for
separately

-> Interpolation of refitted ITS, TRD A
and TOF track segments to the | /S/\} nc \
TPC as reference points forthe |\
true track position

> Collect AY, AZ between distorted //“C \\\
clusters and references in TPC \ ?‘} _—

sub-volumes (voxels)

Full ITS-TPC-TRD-TOF
reconstruction of a fraction (~0.6%)
y of the tracks at synchronous stage

-> Extract 3D distortion vector in
every voxel

-> Use during asynchronous
reconstruction

Tracking in the central barrel

Challenge in Run 3 + 4!

> overlap of multiple collisions (5 collisions in the TPC drift time @50 kHz Pb-Pb)
o with TPC clusters without a well-defined z coordinate, but justa time (t)
o presence of distortion corrections that are position dependent

e

2
3

TPC

L
o &
RS
+ o, +
BLOOHERH
R Sy
4:11 +++¢
e ¥
N—
B e
=0
= =

x(radial direction)

Standalone ITS tracking

Standalone TPC tracking, scaling t linearly to an arbitrary z.
Extrapolate to x = 0, define z = 0 as if the track was primary
-> good enough at this stage (sync!)

Track following to find missing clusters

Refine z = 0 estimate, refit track with best precision

Find ITS-TPC track compatibility using times

Trackingin the central barrel

Challenge in Run 3 + 4!

o overlap of multiple collisions (5 collisions in the TPC drift time @50 kHz Pb-Pb)
o with TPC clusters without a well-defined z coordinate, but justa time (t)
o presence of distortion corrections that are position dependent

++++t °12

5% £

ks + + Els

H o4+ g
T o S - - 2
:"%5 G A S L
= e
time

]

4B

A

2 (beam and TPC drift direction)

2= (= tyerted * Varine

Tracking in the central barrel

Challenge in Run 3 + 4!

o overlap of multiple collisions (5 collisions in the TPC drift time @50 kHz Pb-Pb)
o with TPC clusters without a well-defined z coordinate, but justa time (t)
o presence of distortion corrections that are position dependent

X % %

Y

time.

TOF

TRD

TPC

Ims

z(beam and TPC drift direction)

x(radial direction)

« Standalone ITS tracking

« Standalone TPC tracking, scaling t linearly to an arbitrary z.

* Extrapolate to x = 0, define z = 0 as if the track was primary
-> good enough at this stage (sync!)

* Track following to find missing clusters

* Refine z = 0 estimate, refit track with best precision

¢ Find ITS-TPC track compatibility using times

* Match TPC track to ITS track, fixing z-position and t of the
TPC track

¢ Refit ITS + TPC track outwards and inwards

* Prolonginto TRD / TOF

Tracking in the central barrel

Challenge in Run 3 + 4!
o overlap of multiple collisions (5 collisions in the TPC drift time @50 kHz Pb-Pb)
o with TPC clusters without a well-defined z coordinate, but justa time (t)

o presence of distortion corrections that are position dependent
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« Standalone ITS tracking

* Standalone TPC tracking, scaling t linearly to an arbitrary z.
* Extrapolate to x = 0, define z = 0 as if the track was primary

- good enough at this stage (sync!)
¢ Track following to find missing clusters

More on TPC Space-Charge Distortions

lon Back Flow

tdrift, jon = 160 -200 ms

IR =50 kHz

lons from 8000 —
10000 events in the =)
TPC drift volume

—

o, 005
0,045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

T [T [T T I I I I

T T T
Contributions to the fluctuations

[]
o
o

Number of events: Ney

N, and multiplicity (mult)
Ne+mult, g-region (1/180)
N,,+mult +charge per track,
@-region (1/1 80?

[FRTL I FNATI AT RETT SYARA I

0

L
5000

I
10000

1 |
15000 20000
lon pileup events

http://cds.cern.ch/record/1622286/

l

Synchronous
processing

Required

resolution: O(mm) :

Will use  Average distortion

;" map, scaled to
occupancy.
Fluctuations corrected *
in 1D. i

Wil ust

History of digital
currents (charge at
the readout plane)

Space-charge fluctuations
~2-3%(5—7 mm >>
intrinsic resolution, 200 pum)

Asynchronous
processing

Required
resolution: O(100
um)

Distortion map from
ITS-TPC-TRD-TOF

=) interpolation.
Fluctuations corrected
in 3D every 5 ms with
the digital currents’
history from previous
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