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Setting the stage for Run 5+6:the Run 3+4 programme

disclaimer: this slide only mentions a few highlights!

Run 3 e Run 4

EWWIEEW

Commissioning
Physics run
| N

aY¥Y

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

UNICAMP

Heavy-ion physics at the LHC beyond Run 4



Setting the stage for Run 5+6: the Run 3+4 programme

disclaimer: this slide only mentions a few highlights!
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Half Barrels

ITS3: See Jory Sonneveld's talk
Tuesday 15:40

FoCal: See Tatsuya Chujo’s talk

Gem-based TPC, ITS2, software upgrade
Low-pT single HF, high-mult pp/p-Pb, nuclei
production up to A = 4, hadronic interactions

Run 3

b

Tuesday 15:20
ITS3, FoCal

3x tracking precision, 2x efficiency,
forward (direct) photon detection
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Setting the stage for Run 5+6:the Run 3+4 programme

disclaimer: this slide only mentions a few highlights!
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ZDC upgrade, RPD ITk, HGTD, HL-ZDC

ATLAS Higher-luminosity-enabled centrality determination, Silicon-based inner tracker with wide n coverage
EXPERIMENT | reaction plane determination High-granularity timing detector (forward): TOF

Run 3 — Run4
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[ ] Commissioning

[ ] Physics run
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Setting the stage for Run 5+6: the Run 3+4 programme

disclaimer: this slide only mentions a few highlights!

: , CMS Phase-2 PbPDb (5.5 TeV) 3CMS Phase-2 PbPb (5.5 TeV)

See Yen—lle Lees tall( 1.7_\ T T ‘ L ‘ T T T ‘ L '! ‘ T \.\ T I: ) ‘ ) |
. Simulation 78 445 | Pythia8 Gun + Hydjet

Tuesday 14:00 e | Hydjet F ol ? <15 -

N p ml>1.6 25 He| § Simulation Preliminary

Inner tracker, HCal, Forward muon system
Increased bandwidth, larger MB statistics

MTD, phase 2 tracker upgrade
In| < 4, m/K/p/nuclei PID, collectivity, HF diffusion,
collectivity and hadronization

' Run 3 * LS3 4= Run 4 :
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

UNICAMP

Heavy-ion physics at the LHC beyond Run 4 4 e
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Setting the stage for Run 5+6: the Run 3+4 programme

disclaimer: this slide only mentions a few highlights!

SMOG?2: fixed-target, lighter ions

cb | New VELO, SciFi, RICH upgrade SciFi tracker upgrade
% Improved tracking, 50 kHz Pb-Pb > 30% centrality Further tracking improvement, lower momenta

Run 3 — Run4

Commissioning
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A bright future ahead at the LHC: ALICE, ATLAS, CMS, LHCb

disclaimer: this slide only mentions a few highlights!

ALICE

ATLAS

EXPERIMENT

CMS

ﬁlgcb

Gem-based TPC, ITS2, software upgrade
Low-pT single HF, high-mult pp/p-Pb, nuclei
production up to A = 4, hadronic interactions

ZDC upgrade, RPD
Higher-luminosity-enabled centrality determination,
reaction plane determination

Inner tracker, HCal, Forward muon system
Increased bandwidth, larger MB statistics

New VELO, SciFi, RICH upgrade
Improved tracking, 50 kHz Pb-Pb > 30% centrality

Run 3

ITS3, FoCal

3x tracking precision, 2x efficiency,
forward (direct) photon detection

ITk, HGTD, HL-ZDC

Silicon-based inner tracker with wide n coverage
High-granularity timing detector (forward): TOF

MTD, phase 2 tracker upgrade
In| < 4, ™/K/p/nuclei PID, collectivity, HF
diffusion, collectivity and hadronization

SciFi tracker upgrade
Further tracking improvement, lower momenta

Commissioning w
Physics run
| N
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¢&—— Run4
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A bright future ahead at the LHC: ALICE, ATLAS, CMS, LHCb

@)

ALICE

ATLAS

EXPERIMENT

CMS

ﬁgcb

Increased bandwidth, larger MB statistics

disclaimer: this slide only mentions a few highlights!

Gem-based TPC, ITS2, software upgrade ITS3, FoCal
Low-pT single HF, high-mult pp/p-Pb, nuclei 3x tracking precision, 2x efficiency,
production up to A = 4, hadronic interactions forward (direct) photon detection
ZDC upgrade, RPD ITk, HGTD, HL-ZDC
Higher-luminosity-enabled centrality determination, Silicon-based inner tracker with wide n coverage FM
reaction plane determination High-granularity timing detector (forward): TOF
~ Not &
MTD, phase 2 tracker upgrade ]

’ !

Inner tracker, HCal, Forward muon system inl < 4, WK/pinuclei PID, collectivity, HF (This talk!)

diffusion, collectivity and hadronization

New VELO, SciFi, RICH upgrade SciFi tracker upgrade
Improved tracking, 50 kHz Pb-Pb > 30% centrality Further tracking improvement, lower momenta
Run 3 ¢&—— Run4 &— Run S -

EU]HMMMMM]I]I]IWE/

Commissioning
Physics run m
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Heavy-1on physics in the 2030s

Thermal emission of the QGP as the system evolves
* More differential dilepton invariant mass spectrum

* Understand system evolution more directly

* Search for chiral symmetry restoration

Eg_c-l_ :\::‘, : . (Multi-)charm and beauty thermalisation and collectivity in the medium
. ® . b * Full map of heavy-flavour yields, hadronization and collective behaviour
* e * Systematic, wide-pt measurements from D° to 25+, Q1
. * Precise correlations of ¢¢ pairs over wide acceptance

Boosted Top

Quenching Starts  Quenching Ends

* Delayed energy loss probing with boosted top: t > b+ W — qq

* Possibility to run with different ions: p, O Ar, Ca, Kr, In, Xe, Pb &
* Exotic, heavy-flavour states formed in and out of medium  _____ ’<.—
* Correlations (HF, jet-Z, ...) and net quantum number fluctuations ! D
. * Hadronic interactions of heavy-flavour hadrons
¥ Time PESED

UNICAMP Ascha



RICH
e RICHI and RICH?2
*  With precision timing

TORCH
* Time-of-flight wall
e Precision timing

New VErtex LOcator
e Precision timing

Fixed target
* Extension with

| HCb Upgrades for Run 5

[CERN-LHCC-2021-012]

Tracking upgrade

* New Upstream Tracker (timing)
~* Mighty tracker (SciFi+silicon)

* Magnet stations for lower p+

Side View Tungsten M5
Magnet & " lti(;Al‘ M3 »a M .
Magnet Stations  g¢jfi TORCH Shieiding uon stations
RICH2

&Silicon
Tracker
\ \v ¥ ¥
b )

e M2-M5
* Additional shielding

bi
/RICHI

Calorimeters
e SPACAL or Shashlik
* Precision timing

- 2] i' 5y
Vertex it i 4
f
Locator |

s s s te s etaen

‘\TE =
V4"
B

> =

polarised gas target, ot e T
solid target E— X% x S
Phase-II Upgrade
A * No centrality limitation in Pb-Pb
A ° . e . 20/\23
Y  Excellent vertexing capabilities —— | ProBEs
_— Aschaffenburg

UNICAMP



https://cds.cern.ch/record/2776420?ln=en
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LHCb Physics in Run 5

* Detector with phase Il upgrades will be able to cope with heavy-ion multiplicities

* Unique forward coverage gives access
to many observables of interest for heavy-ion physics, e.g.

— Quarkonium and open heavy flavour
o Y(25),Y
* open charm and beauty mesons down to p1 =0
* P wave charmonium states, also for fixed target

— Dileptons and photons
* dilepton spectrum in di-muon channel in the rho mass region
* real photons through conversions

— Nuclear PDFs and saturation
* low-x regime of QCD

CERN/LHCC 2021012
Yﬁ LHCh TDR 23
4‘-) 24 February 2022

LHCb
UPGRADEII

[CERN-LHCC-2021-012]

Technical Design Report



https://cds.cern.ch/record/2776420?ln=en

ALICE 3. a next-generation experiment for the 2030s

ECAL
RICH

Absorber
Magnet

Muon chambers
FCT

* All-silicon, large-acceptance, low-p tracker
* High rate: 5x bigger luminosity, exploit LHC
* Momentum precision of o, /p ~1%
e ~10% X, overall material budget
» State-of-the-art particle identification
* Silicon-based TOF and RICH
* Muon identification
* Very high vertexing precision
* First layer at 5 mm from interaction point
* |mpact parameter resolution:
e ~|0 um at pyr ~200 MeV/c
e ~3umatpr > 1| GeV/c

TOF | .
Tracker Enables a rich physics programmel

— In what follows: a few highlishts
Vertex detector e

A See Alessandro Grelli's talk, Tuesday 14:20
oY HARD
UNICAMP Heavy-ion physics at the LHC beyond Run 4 10 AT
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Thermal emission of the QGP
in Runs 3+4 with dileptons

=~ 400 L
":.s 1 Tt (4] [ Fireball average temperature % O
= i i = ~ O
é E ALICE Upgrade Simulation 3 g 350 —e— NA60 —6— ALICE ITS3 - 3 nb™ (simulation, stat. only) 3
- Pb-Pb \s,, =55TeV ——— Rapp Sum (broad p) . ~ - S
Q L NN _| — ; . S ~
g " 0-10%, L,, =3 nb! e Rapp Sum (drop p) i 300 = —=— HADES —A— CBM (simulation) ‘(6\’\)‘{' 2
> q o't ITS2, B=02T = ------- Rapp Sum (vac p) B - —5— NAB0+ (simulation) « e 8\.
~ T = Inl<0.8 —#— ‘meas.’ - ¢C - cockt. 3 250 Model (Rapp et al) Q x& N
C|> Ec» 5 P> 0.2 GeV/c B2 Syst. uncert. sig. + bkg. ~ QC) g
co K, _ ’ E==] Syst. uncert. cc + cocktail | 200F . . 3
O F .o - Hadronisation S
N > 10 = 150 a_=a . S
— - QO
o — L —+
8 © 7] ~ Hadronisation temperature é
S [
% Zw 7] 100 ~ Lattice QCD g
[ <y 0_3 | | s PLB 795 (2019) 15 O
Z - - 3 50 SHM fit to experiment 5
% n ] ~ Nature 561 (2018) 7723 g_
U B : O [ 1 1 11 1111 I 1 1 11 1111 I 1 1 I 1 1 111 l 1 1 11 1111 :
N o 1 10 107 10° 10°) |
10 3 E Vsuy (GeV)
A Runs 3+4: time-averaged QGP temperature
¥ —
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https://arxiv.org/abs/1812.06772
https://github.com/tgalatyuk/QCD_caloric_curve

Dileptons as a QGP thermometer in Runs 5+6

DCA..: Sum of squares of normalized DCAs to PV

B L ALICE 3 Study

Sg . 6T — ee (ITS1: pp Pythias, 7 TeV, p, > 0.4 GeVic)

Q [ - ot — ee (ITS2: 0-10% PbPb HIJING, 5.02 TeV, p__ > 0.2 GeV/c)

=¥ [ — ot — ee (ALICE 3: pp Pythias, 14 TeV, p,.> 0.08 GeV/c) High-precision tracking
:g 4|~ prompt x 0.7 (ALICE 3) * Istlayerat R =5mm

Electron Identification

* Time-of-flight (TOF) via silicon

* Ring-imaging Cherenkov (RICH)
* Electromagnetic Calorimeter

Unprecedented HF rejection and low-pt electron ID
* DCA. separation of e*e” pairs and HF daughters

* ALICE 3: extreme performancel

* Sets the stage: the ultimate dielectron experiment

&
oY

UNICAMP Aschaffenburg




Dileptons as a QGP thermometer in Runs 5+6

Dilepton invariant mass distribution

‘.:_\ _ ‘.:_\ 104 17T | 1T | 1T | 1T | 1T | 1T | FrTT T TT T T T T T T pTTT | I§

L [ALICE 3 Study S ALICE 3 Study — Sum 3

(0] — —

< [ cE—>ee(ITST:ppP G 108} 0-10% Pb-Pb, sy, =5.02TeV — Rapp in-medium SF =

8 [ cc—ee(TS2:040 = [ TOF+RICH (4o, rej) B=05T Rapp QGP =

28 - — ¢ — ee (ALICE 3: p § 12 0-2<p <4GeV/c,Inl<08 — Cocktail wo p _;

© prompt x 0.7 (ALICE 2 No bremsstrahlung included ——cC—ee 3

21 o —bb — ee 7

T E ,3_ Suppressed! §

s "Jj-,_ _E

107" = :

1072 7 ‘

C | | E1 1 | 111 L1 | L1 L1 [ [ | Ll | (| | 1

_— 0 02 04 06 08 1 12 14 16 18 2 22
0 2 4 ,
me, (GeV/c?)
a¥
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Dileptons as a QGP thermometer in Runs 5+6

Dilepton invariant mass distribution

‘.:\ [ ‘.:_\ 104 T TT | 1T | 1T | 1T | 1T | 1T | FrTT T TT T T T T T T pTTT | I§
L [ALICE 3 Study S ALICE 3 Study — Sum 3
(] — —
< | cE—>ee(ITS1:ppP & 102 0-10% Pb-Pb, s, =5.02Tev — Rappin-medium SF |
8 " ---- cC — ee (ITS2:0-10 & TOF+RICH (40, rej), B=05T Rapp QGP 3
B L 8 o : ]
= [—cC—ee(ALICE3:p K g2 0-2<P; <4 GeV/c,In | <0.8 Cocktail w/o p _E
© > : —CC — =
3 4| prompt x 0.7 (ALICE % = No bremsstrahlung included cc—ee E
3 = 4 —bb — ee N
T ,3_ Suppressed! -
_:~ | “‘,\’ -

Excellent sensitivity to p?(770)
spectral function modification
in the medium

SIS

102 H ,
: | ‘ III| L1 ||||||| L1 [ [ | 1I|III|I—
T T 0O 02 04 06 08 1 12 14 16 18 2 22
0 2 4
M. (GeV/c?)
\
% .
a¥
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Dileptons as a QGP thermometer in Runs 5+6

Dilepton invariant mass distribution

‘.:\ [ ‘.:_\ 104 T TT | 1T | 1T | 1T | 1T | 1T | FrTT T TT T T T T T T pTTT | I§
L [ALICE 3 Study S ALICE 3 Study — Sum 3
(0] — —
< [ cE—>ee(ITST:ppP G 108} 0-10% Pb-Pb, sy, =5.02TeV — Rapp in-medium SF =
B [t —ee(TS2:0-10 = TOF+RICH (40, rej), B=0.5T Rapp QGP ]
23 " —C—-ee(ALICE3:p & g2 02<p,_<4GeV/c,Inl<08 —— Cockailw/op |
° ’ = 3
° prompt x 0.7 (ALICE 2 No bremsstrahlung included ——cc—ee 3
21 o —bb — ee 7
T E ,3_ Suppressed! §
_:- ."\: _:
10 QGP-dominated E
- Mass region | .
1072 - ‘
: | | N | 111 111 | 111 111 (I [ | L1 | 11| | (=
—_— 0O 02 04 06 08 1 12 14 16 18 2 22
0 2 4 ,
m,, (GeV/c?)
a¥
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Dileptons as a QGP thermometer in Runs 5+6

prce-differential mass slope in QGP-dominated region

10 §400— T 1T | T 1T | 1T | T 1T | T 1T | T 1T | T 1
‘,:_\ [ ‘(T\I 17T | 1T | 1T | 1T | 1T | 1T | FrTT T TT T T T T T T pTTT | I§ o)) I 1 :
L [ALICE 3 Study S ALICE 3 Study — Sum 3 = I ALICOE 3 Study T ]
< | ct—ee(ITS1:pp P & 10° - 0-10% Pb-Pb, {s,=5.02TeV — Rapp in-medium SF ~ 350‘_ U P? S = 5:02 TeV 1 _
B [ cc—ee (ITS2:0-10 = TOF+RICH (40, rej), B=05T Rapp QGP = - + .
$ —ct—>ee(ALICE3:p E qp2k 0-2<p._<4GeV/c, In|<0.8 — Cocklail wop _ I I i
= . S Te e = E
° prompt x 0.7 (ALICE =  f No bremsstrahlung included —cc—ee 3 300“_ T 7
z E % 1oll DCA,, =1.20 —bb —ee N I T i
Tr g § : Suppressed! E i T ¥ i
) “ = 250 + —
01 QGP—domihated ool FitRange: 1.1 < mee < 1.8 GeVic? T N
- Mass region J _ - e T, (stat unc. only) T '
: T ea I :
— . — 1 50 L 111 | L1 11 | L1 11 | L 111 | L1 11 | L 111 | 1
I N = 0 05 1 15 2 25 3 0.4
i N P eo (GeV/ce)
1072 5 ,
N | | | | | | | | : E1 1 | L1 L1 | L1 1| [ [ Ll | (| | 1=
0 2 4 0 02 04 06 08 1 12 14 16 15 o 5/'22) Differential analysis in pree:
me (GeV/c , . .

9 * Unique opportunity to probe system evolution!
A . 10/\23
Y HARD
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i 1100 BN Pb-Pb |$,,,=5.02 TeV 0-10%
1077 [
1072 T/)
g 103k 0O~
S 10 ¢ L
107k Qed*gé)
107 F 2¢ (xg¢)
1 0—7 ~ — u,d,s only particles
10_8 = — c=1particles ;; 1c (xg¢)
1 0_9 = —— c=2particles ; B
1 0_10 = —— c=3particles x He
10" F
1012 | SHMg, T,,=156.5 MeV °L
10713 | do, /dy=0 532 +0.096 mb

14
107 555 3 35 4

PO T N SR ST SN S SN TR SN ST SR N SN SO S S |

Mass (GeV)

[1] ALICE 3 letter of intent
[2] JHEP 07 (2021) 035

N

4‘\' —_—

Multi-charm thermalisation:
=X Q. and QFF

u, d, s-hadrons: mass exponential hierarchy, dominated by
quarks created at phase boundary (e.g. Q7)

* Realm of classical strangeness studies

Charm: still an exponential with mass (thermalised yields)
but exponential displaced by charm fugacity gg [I,2]

 SHMc g. provides information about mechanisms
* Due to large, fixed Ncparm: game changer

* Strongest for multi-charm: extreme sensitivity
* Very large centrality dependence
* Complete charm thermalization not a given

—++ oy +
Eec D¢ T

(ct ~77 um)

[3] Andronic et al, QM2022
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https://cds.cern.ch/record/2803563
https://indico.cern.ch/event/895086/contributions/4706501/

/
T« A
4
p <A
(ct ~77 um)

FoE 4+ 20t

Reconstructing strange baryons in

rreavy-10N physics at the LHC _

ALICE 3: 2= and Q™

TOF identification for = decay products

Primary pions and protons arrive earlier than those

from =:heavy particles travel slower

Don't just select T and p...
....select T and p which arrived late!

10000

8000

6000

4000

2000

All candidates
Correct species

- Correct species signal

Inner TOF selected

- Inner TOF selected signal

v

o ',
1 | ] 1 l L>rd | | | [ TSN S

ALICE 3 Study

Full simulation, pp Vs = 14 TeV

—~—
-
d

Correct daughter species
Timing-based selection

1 |

1.26

1.28 1.3

o 1 1 1
1.36 1.38

Mass (GeV/c)

1.32

1.34
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+ Timing information: select strange decay daughters
within population of particles of the same speoes

A crucial tool:

Strangeness tracking in ALICE 3

=++
~“cc

> EFX+nt  (ct~77 pm)

| = @+ 2mt

T

§ ALICE 3 Study (Layout v1)
3 [ Hybrid Simulation =
L 2[ Pythiapp Vs = 14 TeV + GEANT3 —
o [ —— &= Primary
8 : EZ (ct ~137 pm)
L —+t Primary (to reject)
© = = :‘CC (CT ~77 Um)
g 1 From multi-charm
(@]
=z L
= i
S
(@]
S i

Q) Lol

" | PR
—1 00 0 100 200

7
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A crucial tool:
Strangeness tracking in ALICE 3
7-c+
q) : T T T T T T | T T T | T T T | T T T | T T T T T T T :
&) _ ]
- . . C B 4'—\—| 7]
Silicon layers inside the S i - -
=N beam pipe allow for =

X : : : o 10 =
dlreCt deteCthﬂ Of mUH:l' c/_) E 7777777777777777777777777777777777777777777777777777777777777777777777777 S|gn|ﬂcance:55
&( strange baryons - A+ Measurement to py = 0 GeV/c .
i - Midrapidity, central Pb-Pb -
N —— Eg, BDT-optimised |
; —e— = standard é
- ALICE 3 Study ]
N ) N Pb-Pb 0-10% PYTHIA il
\‘\ TU 107 = Full acceptance over n|<4.0  —]
AN E ':‘ + + Particle + antiparticle E
N - w=-CC L, =35nb” ]

A ) 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

N 0 2 4 6 8 10 12 14
"\ GeV/c
m* Tt . p; ( )

: Expected E&:F significance with 35 nb! of Pb-Pb }

data collected with ALICE 3 |

S"’A + Timing information: select strange decay daughters {4

“a¥ — within population of particles of the same species HARS
UNICAMP p p p E) — e LHC beyond Run 4 16 AsPcBa(f)feBnEb§rg




\ s J Silicon layers inside the
P d - beam pipe allow for
s direct detection of multi-
S strange baryons

Can also be extended to beauty
baryons, allowing for a stress test of

beauty yield thermalization!

L\ \

S"’A + Timing information: select strange decay daughters
“&¥ — within population of particles of the same species

UNICAMP

A crucial tool:

Strangeness tracking in ALICE 3

10

Significance

N/f Measurement to p; = 0 GeV/c
- Midrapidity, central Pb-Pb

1 —— =,

BDT-optimised

—e— =¢ standard

ALICE 3 Study
Pb-Pb 0-10% PYTHIA
Full acceptance over |n|<4.0

107"

1

+
+

Particle + antiparticle
L, =35nb”

10

12

Expected E&: significance with 35 nb! of Pb-Pb }
data collected with ALICE 3

e LHC beyond Run 4
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Direct measurement of ¢C (de-)correlation in the medium

/

A~ ><:10|_3| I I I T I I I T I | I I T T | I I I I | I T T I | I I I C w
Ee 60 , ALICE 3 Study, L, , = 35 nb” — e — (T C
© - ~t No quenching PYTHIA 8.2, {5y, = 5.5 TeV, 0-100% central . yF .
o - 50 - Full thermatisation D°-D° azimuthal correlations, bkg-subtracted 7 C
2 | o - P’ >4 GeVie, 2 <pl <4,y | <4 .
Sd [ pP >4GeV/c ; ] )
oS _ 40 o — C
—=> [ 2< p? < 4GeV/c ]
30 -
20T+ 't l 3
. & - . . .
100 Correl. unc. + 1.8¢-04 (indep. c-cbar contrib) 7 Angular decorrelation directly probes QGP scattering
— Unc. NS width + 18.0%, AS width + 3.8% - . c c
- Unc. NS yield + 19.3%, AS yield + 3.4% - i Broyvman mOt'Or? Qf charm in the plasma
e N e e S R » Collisional vs radiative energy losses
Ao (rad) * Signal strongest at low pr
cc — DD° correlations |
Very challenging measurement:
* need good purity, efficiency and n coverage
&“"A * HI measurement only possible with ALICE 3
Y
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Hadronic physics In Runs 5+6

Counts

I|l||||||||||||||||||||||I|IIII||III||II

- ALICE 3 study
i P?(TWI:ItP\( L’.ZnA:ga.ntyr, Pb-Pb |sy, = 5.52 TeV
O s E
I 2/8 ::((J)rj: ) be:g:un:“”Mw A \+ ‘ E
102 lﬁ}: (| —
- 1 \ c- deuteron }
- R
I ! I
WA U‘! M’"H g Y ¥
n Al A

Invariant mass (GeV/c?)

Az,
(g\'

UNICAMP

cg—d+K +7x"

3.1 3.2 33 34 35 36 37

First observation of a charmed
nucleus feasible
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 Direct measurement of the D°D** interaction
« Nature of charmed exotica: molecular, tetraquark
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ALICE (3) iIn wonderland: making it all happen

Silicon pixel sensors

 thinning and bending of silicon sensors: expand on experience with ITS3
* exploration of new CMOS processes: first in-beam tests with 65 nm process
* modularisation and industrialisation

Silicon timing sensors

* characterisation of SPADs/SIPMs/LGADs — first tests in beam
¢ monolithic timing sensors — implement gain layer

* Target performance: 20 ps time resolution

Photon sensors
* monolithic SIPMs — integrate read-out

A104 T T \\HH‘ T T \\HH‘ T \\\\\H‘ T L
ALICE 3 study T
103§ n=0 R_ =100cm
F —— Layout V1
— ITS2

— ITS3

Detector mechanics and cooling

* mechanics for operation in beam pipe — establish compatibility with LHC beam

10°E
* minimisation of material in the active volume — micro-channel cooling !

pointing resolution (um

—_
o
ULRALL B

Strategic R&D: synergies among experiments

a¥ PROBES
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UNICAMP

A bright heavy-ion physics programme at the LHC
even beyond this decade!

Heavy-flavour thermalisation and collectivity
» Heavy-flavour correlations and diffusion

e (Multi-)charm and beauty yields to zero p+

* Precise collectivity measurements

* Charmed nuclel production

e Exotica production and binding nature
Thermal emission via dilepton measurements
» Differential temperature measurements

* Assess system evolution more directly
Hadronic interactions programme

* Now including charm hadrons

Insights of system evolution: boosted ¢

...and much morel

Further reading:

ALICE 5 letter of intent
ATLAS phase Il upgrades (Run 4)
CMS phase Il upgrades (Run 4)

LI INU PliasC 11 Upaiadcos

Heavy-ion physics at the LHC beyond Run 4 20


https://cds.cern.ch/record/2776420?ln=en
https://arxiv.org/abs/2211.02491
https://cds.cern.ch/record/2020886?ln=en
https://cds.cern.ch/record/2055248?ln=en
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[ racking precision and data rate competitiveness
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The future: ALICE 3 multi-charm results

----------- SHM (Andronic et al, JHEP 2021, 35)
------- pQCD SPS (Chen et al, JHEP 2011, 144)

* Precise multi-charm baryon measurements spanning
== - pQCD SPS (Phys. Rev. D 57, 4385)

Sys-tem Slze: AN ||||| I I T ||||| I I T ||||| I I T |||||

* centrality selection < 1072 = ALICE 3 Projection - 3
« different collision systems: Kr-Kr, Ar-Ar, ... Z|% B o @gg acccC .
L0t S E
e Very high sensitivity: measurement feasible even in low ¢ » - Ceﬁt?;g igms .
(e.g. SPS in pp) yield scenarios =10 F > Lece E
S F e ;
, DL PP =
« The ultimate challenge: Q& 107¢ 3
* Depends on unknown branching ratios 108 B ]
* Depends on unknown lifetimes : -
* Detector capable, but huge integrated luminosity 10°7 B —o— Estimated =iy ALICE3 |
IS a necessi‘ty E == —o— Estimated Q:C ALICE 3 ;

~ Sem|_|epton|c Channels 10—8 111 I.lI ] ] 1 1 11 I1I|O ] ] L 111 I-Il(l)2 ] ] L 1 11 I1I|03
* non-prompt Q¢ < > >

g\"’g system size part

aY
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Quantity PP 0-O Ar-Ar Ca—Ca Kr—Kr In-In Xe—Xe Pb-Pb
/5NN (TeV) 14.00 7.00 6.30 7.00 6.46 5.97 5.86 5.52
Laa (cm™2s71) 3.0x10%2  15x10%° 32x10%° 28x10¥® 85x10® 50x10%® 33x10%® 12x10%
(Laa) (em™2s71) 3.0x10*2  95x10%® 2.0x10® 19x10® 50x10® 23x10%® 1.6x10®8 3.3 x10%
igZmonts () 51x10°  1.6x10® 34x10> 3.1x10> 84x10' 39x10! 26x10! 5.6
jogmenth. (5l 505 409 550 500 510 512 434 242
Rumax (kHz) 24000 2169 821 734 344 260 187 93
U 1.2 0.21 0.08 0.07 0.03 0.03 0.02 0.01
dNch/dn (MB) 7 70 151 152 275 400 434 682
atR=0.5cm
Rpie (MHz/cm?) 94 85 69 62 53 58 46 35
NIEL (1 MeV neq/cm?)  1.8x 10 1.0x10% 86x108 79x101% 6.0x10® 33x108® 41x108 19x108
TID (Rad) 58x10° 32x10® 28x10° 25x10° 19x10° 1.1x10° 13x10°®  6.1x10°
at R=100cm
Ruit (kHz/cm?) 2.4 2.1 1.7 1.6 1.3 1.0 1.1 0.9
NIEL (1 MeV neg/cm?)  49x10° 25x10°  21x10° 20x10° 15x10° 83x10® 1.0x10° 47x10®
TID (Rad) 14x10> 80x10' 69x100 63x10' 48x100 27x10' 33x10' 15x10!

Table 1: Projected LHC performance: For various collision systems, we list the peak luminosity Laa, the average luminosity (Laa ), the lumi-
nosity integrated per month of operation 1" also rescaled to the nucleon—nucleon luminosity Z5™® (multiplying by A2). Furthermore, we
list the maximum interaction rate Rp,x, the minimum bias (MB) charged particle pseudorapidity density dN/dn, and the interaction probability

\\")) W per bunch crossing. For the radii 0.5 cm and 1 m, we also list the particle fluence, the non-ionising energy loss, and the total ionising dose per
=,~\=' operational month (assuming a running efficiency of 65%).
UNICAMP oy oI} Y Yy




Zp, and Qy significance in 0-10% Pb-Pb collisions

- 2 [ T T T T 171 T 171 T 171 T T T T T T T T T T T T T T T T T 1 ]
o 10°F =
< - ]
« Expected integrated lumi. of Pb-Pb collisions: 35 nb™! g B —-—:’::::_._ ° i
- - ——— —e ® —

 Theoretical input: § .

« GSl/Heidelberg yields [1], o | | .

. . f O 1 g
+ PYTHIA mode 2 p; distributions A Y |
- Significance: peaks at ~50 fEJ -~ Measurement to pr ~ 0 GeV/c - ]
« (Goes to zero momentum S B TS ]
N | —— Q _
« Fundamental piece of information for measuring the @ o

exponential curve of beauty thermalization i ALICE 3 Study i
«  Full thermalization may not be achieved — 1 - Po-Pb 0-10% PYTHIA _
. — ull acceptance over Inl<4.0 .
important measurement! — Particle + antiparticle i
_I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 I_
0 2 4 6 8 10 12 14 16 18 2

0
P, (GeV/c)
[1] Andronic, A., Braun-Munzinger, P., Kdéhler, M.K. et al.,
AW, J.High Energ. Phys. 2021, 35 (2021). Y
it S,
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Zoo o Ataste of analysis 3 ;
s - f ALICE 3 Study ]
(2} 1800 + Pb-Pb 0-10% PYTHIA ]
> = - 2.0 <p_(GeV/c) < 15.0 a
i’ \ 7 T 1600 } 2.0 Tesla mag. field —
(4D} I 1y e B I N N Y L B B B EL B | —— | — (3:) B + 35 nb™" Pb-Pb datataking i
— - o B Particle + antiparticle B
8 - - 1400 —
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5 1op = oo A A
n e S significance = 5
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\\"I Expected EZ2 invariant mass distributions with 35 nb-! of Pb-
a¥ — Pb data collected with ALICE 3
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| SHM (Andronic et al, JHEP 2021, 35)
—@—— pQCD SPS (Chen et al, JHEP 2011, 144)
: —%—— pQCD SPS (Phys. Rev. D 57, 4385)
Multi-charm baryons: from low to T
' | ST~ s / P G E
high density QCD SEN R
= SCE.
X : : E
«  Formation of BXF, Q. Q*: extremely unlikely in sing =107 i o " Qoo i
ormation of Ecc", Qec, {ece: extremely unlikely in single SIS s | . E
parton scattering (unlike e.g. J/\) 105L : i
g -
e Multi-parton interactions and multi-charm: multiple charm 10—6;_ _____________________________ =
quarks combine into hadrons g Nucleus-nucleus .
107 collisions E
* In nuclear collisions: B | | | ]
 High density of charm quarks leads to much larger 107 - —— 10 - '1'02 -
multi-charm population A
* Described by SHM (g.) and coalescence -
,‘N
° | | ':4‘ ++ I |
Enormous dynamic effect! Scc 9 ® S
o ° °
& . R - o
'p C_' \C p ([ ] ®

B> Er+nt (ct~77 pum)

o

-

e
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Beauty thermalization and &y, (), via strangeness tracking

0 Motivation for going to beauty:
Prediction from SHMb

* Determine the degree of (incomplete?) beauty

> F AN ] ) . .
e, H ¢S+ } Pb-Pb \s,,=5.02 TeV, 0-10% thermalization in nucleus-nucleus collisions
N S0
1L 7Y i . . . :
% 107 ¢ \\'Ab lyl<0.5 g * Determine beauty quark diffusion coefficient
\ RO 10 =
- R _ \ o' - =
107°F ‘B—S 2y — B0+ \ E < - §
(\ ‘—‘31) \\ g L — o ° _
Ny ¥ _ _ L y .- |
_3 2y > Q2+ o (19 £ b . . .
10 2 \ I\_/ \\ E G;J / Sha \I 1
\\ \\\ (&) \ e ," ®
, ‘ % 10— W, ? —
-4 S \ O C ™. ~ ]
1074 £ : 3 v(es) = ~ Measurement to pr = 0 GeV/c — N
- L 1b .;X ] 53 [ (at midrapidity, highest multiplicity) 5@ i
i b0 ] w - 34, —
-5 \ B ]
3 LY ALICE 3 Stud
10 - SHMb, T=156.5 MeV ‘? (SSE Pb-Pb 0-10% PYTH%A
do - /dy=27.6 Mb (g =1 .26+09) 2b : 1 - Full acceptance over Inl<4.0 =
-6 . Pb. T b T N C Particle + antiparticle ]
1 O 5 6 7 8 9 1 O 1 1 B 1 | 111 | 111 | 111 | 111 | 111 | 111 | 11 | 11 | 11 I_
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