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ALICE at ICHEP 2020: a busy week

29 physics talks

Beauty production and anisotropy with ALICE at the LHC / Xinye Peng

Measurement of electroweak-boson production in p-Pb and Pb-Pb collisions / Mingrui Zhao

Vector meson photoproduction in ultra-peripheral Pb-Pb collisions / Valeri Pozdniakov

Measurement of charmonium production in Pb-Pb and p-Pb collisions / Alexandra Neagu

Bottomium measurements in nucleus-nucleus and proton-nucleus collisions / Robin Caron

Constraining the transport properties of QGP with latest flow measurements / Vytautas Vislavicius

Overview of the latest jet physics results from ALICE / James Mulligan

Spin alignment measurements of vector mesons / Bedangadas Mohanty

Study of hadronization through the measurement of LF particle production / Giacomo Volpe

Hadronic resonance production / Paraskevi Ganoti

Latest results on light (anti-)nuclei production in Pb-Pb collisions / Chiara Pinto

Open heavy-flavour production from small to large collision systems with ALICE at the LHC / Lucas Vermunt
Heavy-flavour jet production and fragmentation and heavy-flavour correlations / Marianna Mazzilli
Hadronization studies at the LHC with ALICE / Jianhui Zhu

w and n' production in proton-proton collisions at the LHC / Florian Jonas

Topological studies of LF hadron production in high multiplicity pp collisions / Sushanta Tripathy

Dilepton measurements with ALICE at the LHC / Jerome Jung

Understanding the background in DM searches by studying antinucleosynthesis / Sebastian Hornung
Measurement of the antinuclei nuclear inelastic cross sections / Stephan Alexander Konigstorfer
Investigating the hyperon-nucleon strong interaction with the prec. meas. of hypertriton lifetime / Francesco Mazzaschi
ALICE measurements of =- and Q-nucleon int. and constraints on lattice QCD potentials / Oton Vazquez Doce
Characterizing the particle-emitting source using femtoscopy in pp collisions / Andreas Mathis

First direct measurement of the dead-cone effect at colliders / Leticia Cunqueiro Mendez

ALICE upgrades for Run 3 / Stefano Panebianco

Status of the Fast Interaction Trigger for ALICE Upgrade / Maciej Slupecki

GPU-based online-offline reconstruction in ALICE for LHC Run 3 / Matteo Concas

ALICE data processing for Run 3 and Run 4 at the LHC / Chiara Zampolli

Fast Entropy Coding for ALICE Run 3 / Michael Lettrich

ALICE upgrades for LHC Run 4 and beyond / Andrea Rossi

+1 diversity talk
+1 outreach talk
+3 posters
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ALICE at IC

29 physics talks

Properties of the Quark-Gluon Plasma

+1 diversity talk
+1 outreach talk
+3 posters
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Flow for all
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* Nearly all particle species participate in collective flow:
quantified via a Fourier decomposition [1]

 Light flavor: mass ordering (=, K, p, d, 3He)

[1] Constraining the transport properties of QGP with latest flow measurements / V. Vislavicius
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Flow for all
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Flow for all and spin alignment for some
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Nearly all particle species participate in collective flow:
quantified via a Fourier decomposition [1]

Light flavor: mass ordering (n, K, p, d, He)

Heavy flavor: progressively lower flow for DO, J/{, b — e

—No flow for Y(1S)

Rotating QGP aligns vector-meson spin [2]

[1] Constraining the transport propert

ies of QGP with latest flow measurements / V. Vislavicius

[2] Spin alignment measurements of vector mesons / B. Mohanty
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The QGP guenches jets

AA

0-10%, lyl<0.5

* Quantified via the nuclear modification factor

oy 4 ALICE Preliminary — « Partons produced in high Q? processes lose energy while traversing the
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[1] Beauty production and anisotropy with ALICE at the LHC / X. Peng
N
Y

—Indicates beauty loses less energy than charm [1]

« ‘Dead cone’ effect: suppression of collinear (68 < m,/E,) gluons
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The QGP guenches jets

6 (rad)

Illllllr

llllllll

m-
o[
5™
= ©
~
D
%

< \7 T T TTT T T \\\‘ T T T T \\L . . . .
oy 4 ALICE Preliminary — « Partons produced in high Q? processes lose energy while traversing the
B Pb-Pb, |5y =5.02 TeV _ medium
1.2 0-10%, lyl<0.5 - - L
[ i » Quantified via the nuclear modification factor
| IAERR S T 1 EEEEEEROR R TTTTERRERERRRRREE -1 :
- ( Non-prompt D° ! - —Indicates beauty loses less energy than charm [1]
— L] b quarks a . , . .
0.8 f,rjmpt D?, 1« '‘Dead cone’ effect: suppression of collinear (6 < m,/E,) gluons
- (c quarks) i
0.6? ] 0 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.06 0.05
: - P 2 AL oy T N
| | QL reliminary ERadiator (GeV
04 § k 216 ppis=13Tev o 500-1500QW
B ﬁ ] ’ 4 charged jets, anti-k;, R=0.4 - - ]
0.2 — 0 ot14 n <05 0 15.00-35.00
- ] E —_— - lab -
- i ai12-  large angle mall angle-
n L] Lol L] §12% g ° . age;
. © e e = — — o — —— —— = —
1 10 p.(GeVic) Dead cone effect was in fact observed S | ==
directly for the first time for charmin pp [2] ~ *°%F =
AA using iterative jet declustering and Lund “o6f
Rap = dN /dPT plane analysis — 0.4 i
L 5<p™ <50GeV/c
<NCOH> dep/de 0'2:_ Ky >p2TdftAQCD,AQCD=2oo MeV/c
[1] Beauty production and anisotropy with ALICE at the LHC / X. Peng N R R R RN P RS P PR R
2 [2] First direct measurement of the dead-cone effect at colliders / L. Cunqueiro 1 12 14 16 18 2 22 24 26 2
U::iw ALICE Highlights - ICHEP 2020 - D.D. Chinellato



The QGP alters jet substructure
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http://cds.cern.ch/record/2725572

ALICE at ICHEP 2020: a busy week

29 physics talks
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Emergence of QGP phenomena from QCD / - A
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+1 diversity talk : 11, Hl
+1 outreach talk High-multiplicity pp collision
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é"’é, +3 posters %
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Towards understanding strangeness enhancement
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[1] Study of hadronization through the meas. of LF part. prod. / G. Volpe

= [2] Hadronization studies at the LHC with ALICE /J. Zhu
é"’é [3] Topological studies of LF hadron prod. in high mult. pp collisions / S. Tripathy %
¥
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Probing charmed baryon production

ALICE Preliminary
pp, Vs =13 TeV, lyl <0.5
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« Baryon anomaly: heavy flavor A/D° [1] modified similarly to the strange baryon/meson ratio A/KY
for high-multiplicity pp, hints of similarity in p-Pb, ~10x bigger than in e*e-collisions

\‘"} [1] Open heavy-flavour production from small to large collision systems with ALICE at the LHC / L. Vermunt
(‘\'
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Meet the charmed baryon family
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« Baryon anomaly: heavy flavor A/D° [1] modified similarly to the strange baryon/meson ratio A/KY
for high-multiplicity pp, hints of similarity in p-Pb, ~10x bigger than in e*e-collisions

Also measured: >./D09, =,/D9%: 20-30x higher than e+e-
PYTHIA with junctions: reasonable reproduction for A/D? , £./D° but not E.,/D°

&"’A [1] Open heavy-flavour production from small to large collision systems with ALICE at the LHC / L. Vermunt
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ALICE at ICHEP 2020: a busy week

29 physics talks

Beyond heavy ions:
The LHC as a general-purpose QCD lab

+1 diversity talk
+1 outreach talk

F 3 t
S"’A. +3 posters
Y
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Antinuclel measurements with impact for astrophysics
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» Antideuteron and antihelium absorption cross sections
measured as a function of momentum when interacting with the
ALICE detector [1]

« Important input for antinuclei propagation in interstellar medium:

—Ccosmic rays, antinuclei searches in space

\\"i’ [1] Measurement of the antinuclei nuclear inelastic cross sections / S. A. Konigstorfer
- .

Y
- ALICE Highlights - ICHEP 2020 - D.D. Chinellato 2 ALICE




Unprecedented precision in proton-hyperon interactions

435 S
- . 8] ALICE data p-= ]
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* Proton-hyperon strong interaction poorly known e T ]
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« Measured in ALICE: momentum correlation of proton- b, | | k
hyperon pairs from a source of known size [1] .
6 =
« Latest result [2]: precise measurement of attractive strong ;
interaction for p-Z, p-Q o E
—Direct comparison to lattice QCD S 4F E
—p-E important for neutron star EoS 3F g
* More to come in Run 3: d-A, p-Z, Q-Q 21 g
5 [1] Characterizing the particle-emitting source using femtoscopy in pp collisions / A. Mathis 0— 1(')0 2(')0 L 36—0
é"’é. [2] ALICE measurements of Z- and Q-nucleon int. and constraints on lattice QCD potentials / O. V. Doce k* (MeV/c)
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ALICE at ICHEP 2020: a busy week

29 physics talks

A bright future ahead!

+1 diversity talk
+1 outreach talk

S"’A +3 posters

Upgrade of the Upgrade of the
Inner Tracking System Time Projection Chamber

Upgrade of the Upgrade of the
Readou[ & Trlgger Systern ~ Online - Offline computing system

Upgrade of the

ALICE Experiment

Upgrade of the
ALICE Experiment

The Muon Forward Tracker

e

¥
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Upgrades: 50x faster and 3x more precise data

Run 1&2 TPC: MWPC-based
~1 kHz readout

Run 3 TPC: GEM-based
50 kHz readout

50x higher data rate
GEI\/I based TPC readout

} MILESTONE {

TPC will be lowered into the

W W E wf pit tomorrow (4th August)

Commissioning
Physics run
2020 2021 2022 2023 2024 2025

Run 1&2 ITS:
~107 channels

Run 3 ITS2 + MFT:
13x10° pixels

+3x in tracking precision

Monolithic-pixel Inner
Tracklng System IT82

Pixel Muon Forward
Tracker (MFT)

4‘\'

UNICAMP
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In store for LS3 / Run 4: ITS3 and FoCal

ITS3: new inner barrel: >3 truly cylindrical MAPS layers
around smaller beam pipe — ultimate vertexing [ 1]

« 3x less material budget
« 2x tracking precision and efficiency at low pr

Lol approved (CERN-LHCC-2019-018)

Fully functional ALPIDE (ITS2) sensor curved to R = 1.8 cm

Cylindrical
Structural Shell

Half Barrels

LS2

LS3 ¢—————— Run 4

s LS4

L

L

[ | Commissioning
e W el )
- 2020 2021 2022 2023 2024 2025 2026 2027

2028

2029

2030

2031

Y
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In store for LS3 / Run 4: ITS3 and FoCal

ITS3: new inner barrel: >3 truly cylindrical MAPS layers
around smaller beam pipe — ultimate vertexing [ 1]

« 3x less material budget

« 2x tracking precision and efficiency at low pr

Lol approved (CERN-LHCC-2019-018)

Fully functional ALPIDE (ITS2) sensor curved to R = 1.8 cm

Cylindrical
Structural Shell

Half Barrels

FoCal: forward EM calo with Si readout for isolated y
measurement in 3.4 <y < 5.8 in p-Pb [1]

« Better precision than EIC for gluon nPDF for x < 103
« Constrains nPDF to x < 10

Lol approved (ALICE-PUBLIC-2019-005)

Si pad / pixel readout

208pp reweighting

— nNNPDF 1.0 N =
EIC fit

= | R |

— FOCAL fit T T 07 s
Q@2=10 GeV? ‘ TV RZzzz

90% CL

Impact on gluon nPDFs:
Present nNNPDF

with FoCal pseudodata
with EIC pseudodata

[ | Commissioning
[ ] Physics run
-

¥

X
LS2 LS3 ¢—————— Run 4 » LS4
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

UNICAMP
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ALICE 3: a next generation HI experiment for Runs 5 and ©

Fast, ultra-thin detector with precise tracking and timing [1]
» Another factor of 50x in luminosity

« Exploit higher LHC lumi with nuclei lighter than Pb
a1 “’l « Si-based Time Of Flight determination: ~20 ps time resolution

« Ultimate performance for (multi-)HF, thermal radiation and soft
hadrons (or < 50 MeV/¢)

« Beyond HI: new physics in soft sector, e.g. dark photons
« Initiative supported in ESPPU

— I\

[1] arXiv:1902.01211
[2] ALICE upgrades for LHC Run 4 and beyond / A. Rossi

LS2 tvemmeee RUDN 3 sewe—— LS3 ¢————— Run4 - [S4 ¢——— Run 5
[ ] Commissioning
oy 1111111011 SRR "SR 1709000000000 SR "R R
"2, 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Y
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Awealth of Run 1+ 2 results offer:

« Detailed'insights into QGP characteristics

« Fundamental advances in QCD at high density
- Contributions to astrophysics, hadron structure, ...
Underway and coming up: ” / |
« Major LS2 upgrade on track for ppm September 2021 /
« In preparation: ITS3, FoCal in 183 | /
« Ambitious plans for Run 5+ the next generation
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Cosmic rays and dark matter: Antimatter production & propagation
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[1] Understanding the background in DM searches by studying antinucleosynthesis / S. Hornung
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« Antimatter production from cosmic rays
at the top of the atmosphere (TOA)
constrained by ALICE measurements [1]

DM searches: precise anti-A background
and propagation info needed

¥
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TPC and ITS upgrades

Run 1&2 ITS:
~107 channels

Run 3 ITS2 + MFT:
13x10° pixels

Run 1&2 TPC: MWPC-based
~1kHz readout

Run 3 TPC: GEM-based
50kHz readout

P\\Qﬂc’ TPC will be lowered into the
%?‘%B\NS pit tomorrow (4th August)
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The new ALICE processing chain

Enormous challenge to cope with data

Met with complete overhaul of data processing
system [1]

Online (synchronous) data reduction: 35x

Pb-Pb @50 kHz IR
1 ms time frames
TPC reconstructed tracks from
different colour-coded events

Comprehensive use of GPU technology [2]
—40x more performant, 4x more expensive

~3.5TB/s ~0.6 TB/s <0.1TB/s
| : ﬁ | i —~1500 GPUs used
/ > » > . .
- ' - - . « State-of-the-art coding algorithms [3]
. : ( @ '
|/ > » »
¥ > » > t-—rﬁr
I > » >
1/ > > . - [1] ALICE data processing for Run 3 and Run 4 at the LHC / C. Zampolli
. [2] GPU-based online-offline reconstruction in ALICE for LHC Run 3/ M. Concas
First Level il Compressed [3] Fast Entropy Coding for ALICE Run 3/ M. Lettrich
\") Processors Processing Time Frames
§ A. Nodes on Disk Buffer
Y
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50x more data: ALICE in Run 3
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Low-por heavy-flavour mesons and baryons

» study QCD with heavy quarks created in initial hard scattering
Low-pr charmonia

» c-cbar melting and re-generation in deconfined system
Low-mass di-electrons

« QGP thermal radiation via virtual photons
High readout rate

 crucial for high-multiplicity studies in pp, p-Pb

More info: Report on the Physics at the HL-LHC, and Perspectives for the HE-LHC, https://cds.cern.ch/record/27035727?In=en
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https://cds.cern.ch/record/2703572?ln=en

ALICE in wonderland: the future

ITS3, FoCal

3x tracking precision
2x efficiency at low pr
+ forward y detection

ALICE 3
Ultra-thin, entirely Si-based
50x readout capability

GEM-based TPC, ITS2, MFT
50x readout capability
3x tracking precision

¢—— Run3 ——— ¢——— Run4 ¢ [S4 e—— Run3s

W

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Commissioning

Physics run

® EM radiation from the QGP: low-mass di-electrons @ Higher precision: ¢, b baryons, @ Multiply-charmed baryons

@ Low-p; heavy-flavour mesons, baryons beauty mesons, EM radiation @ EM radiation: ultra-soft photons

@ Precise J/ and (2S) @ Gluon nPDF down to x <10° @ Hadronization at very low o;

@ High multiplicity pp, p-Pb: hadrochemistry, collectivity @ Jet quenching at forward rapidity @ Coherent pion production

@ Hadronic interactions up to Q-Q @ Long-range collectivity with FoCal @ Diffusion of conserved charges
(Ant|)(hyper)nucle| productlon uptoA =4 @ Search for charmed nuclei @ Search for dark photons
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