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HER AY

R

2% : A new regime for J/i production!

e aremarkable change of behaviour from SPS/RHIC!
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e in both the centrality and the p; dependence
e evidence for production by recombination of exogamous cc¢ pairs!



Small systems: a new frontier

e long-range ridge on near side in high-multiplicity pp collisions at the LHC!

e very similar structure as in Pb-Pb collisions
o where it is connected with v,

p P
CMS 2010, Vs=7TeV
MinBias, 1.0GeV/c<p <3.0GeV/c N>110, 1.0GeV/c<p<3.0GeV/c N g T 35-40%
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CMS: JHEP 1009:091,2010



Near- and away-side ridge in p-Pb

e evidence for collective behaviour in high-multiplicity p-Pb,

e.g. symmetric double-ridge when subtracting low from high mult'y p-Pb

0-20%

p-Pb |\ sy, =5.02 TeV

2<p,, <4GeVic

60-100%

p-Pb | 5, = 5.02 TeV

| 60-100%

ALICE: Phys Lett B 719 (2013) 29

p-Pb |5, = 5.02 TeV
(0-20%) - (60-100%)




v2 for identified particles in p-Pb
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e consistent with common velocity field

—> consistent with hydrodynamic expansion!



Strangeness enhancement in pp!

JUNE 2017 VOL13 NO 6

ww.nature, .com/naturephysics

ELECTRON GASES
Spinand charge partways

QUANTUM SIMULATION
Hamiltonian learning

TOPOLOGICAL PHOTONICS
Optical Weyl points and Fermi arcs

Nature Physics (2017) doi:10.1038/nphys4111

one of the hallmarks of QGP
predicted in 1982

J Rafelski & B Muller, PRL 48 (1982) 1066

observed at SPS in the 90’s
WA97, NA57, NA49

now observed in high-mult pp!
o not reproduced by models
a precursor phenomenon?
QGP in high-mult pp???
new directions for research!
o study effects turn-on, evolution
o new weapon: pp generators!
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Hadron chemistry vs system size

® strangeness enhancement vs size

’E H““'”\ o L | rorTTTTT i O . . ..
T o OO 0y o s wang 00 smooth evolution vs event multiplicity
s f , 1 ® challenge for pp event generators
8 e .m&em@ ® O Wil 2K 9 T pp 9 KM 201
10 : e 5 o oovoom,, 3 O e.g.: T Sjostrand at Quark Matter 2018
o = -
b G0 W0 sz | Summary and outlook
2| b )
10 @* ® ﬁ‘#’M B i ‘@ bbb G127 e Conventional pp generators successful,
" Mz@' ] with MPI + CR generating some collectivity,
[ ﬂ}@?@ ALICE Preliminary ] but now cracks.
ﬁ+ ALICE ® pp,\s=13TeV .
r 2ppp: 7Tev L, O Poehis,-s0zTev | @ Need new framework for baryon production.
p \sNN—SOQ e W Xe-Xe, \sNN7544TeV
PP ] B — N—_— NN @ String close-packing likely to influence hadronization,
10 102 103 104 bef hovi duri d af .
. efore (shoving), during (ropes) and after (rescattering).

] ) ) @ Currently no known unique solution, so free to explore.
- new avenue to microscopic understanding

of buildup of collectivity!
- could help resolve muon puzzle in cosmic rays?
T Pierog et al, UHECR 2018, EPJ Web Conf
S Baur et al, arXiv:1902.09265 Whole new fiel f nin 1
T Pierog, ESPP Symposium, Granada Ol€ ne eld o StUdy ope g up

T Pierog, ICRC 2019, Madison

o Several recent & ongoing studies look promising,
but much work and few active with pp generator outlook.

@ Further experimental input crucial!

Collective Effects: th oint of HEP MC



But no sign of quenching yet!
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Light ions in the LHC!

OO, pO and Ne-Ne collisions in the LHC in July

e significant quenching observed! ® beyond nPDF suppression
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—> stay tuned!



How about heavy flavour in small systems?

e no sign of quenching for charm (like for everything else...)
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but flow seems to be there...!
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_1 T T T | T T T T I T T T T I T T T T I T T T T I T T T T l_
0.2~ ALICE e (cb)—e lnl<08, lAgl<1.2 ]
L p-Pb, VS = 5.02 TeV O Charg. part., Inl <0.8, 0.8 <lAnl < 1.6 =

[ (0-20%) - (60-100%) ¢ u,p-going-4<n<-25 15<lApgl<5 |
0.15__ £ u, Pb-going-4<n<-25,15<IlAnl <5 ]
i —o— ]
0.1— Jét H ]

L @‘ S ' |l| i
0.05[~ S —— L .
‘ 4

[0 —&— T ]

0 — —

_ 1 I 1 1 L L I L 1 1 1 | 1 Il 1 1 | 1 1 1 Il I Il 1 Il 1 |H

1 2 3 4 5 6

P, (GeV/ce)
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e ... what's this??? (isn't charm produced isotropically in initial parton-parton scattering?)
o a sign of azimuthally-dependent energy loss??? @) ...

e could it just be the light quarks...?
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... also for prompt J/...

CMS pPb 8.16TeV
L LA B
m Prompt J/{:p 0 Ks 185 < N < 250
® PromptD™ O A
0.2 g & O

O

0.1

T T T | T T T T I T T T T

N T [

CMS: PLB 791 (2019) 172

... NO, it's not just the light quarks...
o it seems to be the c themselves...

consistent with R, measurements?

these are supposed to be mostly pair-
produced cc, propagating together...

right? @ ...

if v, is due to energy loss, does its
amount carry information about
octet v singlet? .



... but not for beauty...

N T T T I T T T

> 015 oS EE another one of those beauty things...
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ATLAS: PRL 124 (2020) 082301
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In-medium hadronisation, a rich sector!

charmonium HF baryons
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ALICE: arXiv:2112.08156
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Strangeness enhancement in Pb-Pb!

/ (D% /D%

)Pb—Pb

(D; / D°
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ALICE: PLB 827 (2022) 136986
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CMS: PLB 829 (2022) 137062
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dN/dy

(mod.-data)/mod.

Chemical equilibrium for HF hadrons?

12

10

-0 _ _ + — + ==
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2 5 2 5 2 Jpx30

- E E ALICE midrapidity 0-10% Pb-Pb, s, = 5.02 TeV
— E E GSI-Heidelberg SHMc, JHEP 07 (2021) 035 ]
C E E T =156.5 MeV (LF constrained) ]
— | | V = 4997 fm® (LF constrained) —
- } | | do_Jdy = 579 = 87 b (normalised to D’, PDG) -
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- : BN : : —]
C e pompt | E ]
= ¢ inclusive | ' i i \ 1
[ [Jdatasys . \ | 7 | | ]
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e for charm, looks like...
o not for absolute o, of course...

oy, ~30 for 0-10%

® and, once again, b is different...
o SHMb ~ 3 x data for Y(1S)
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Already in pp, p-Pb...

e HF baryon/meson enhanced wrt e*e- (especially at low pr)

W T T T T l

—e— pp, Vs =5.02 TeV
——— PYTHIA 8 (Monash)
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———————— 488244

ALICE: PRL 127 (2021) 202301

1 1 v T 7
ALICE

pp, Vs = 5.02 TeV
v <0.5

7,
///////////////////,,,

I T T T [ T T T I T
= Data
BR unc.

= PYTHIA 8 Mode 2
IO PYTHIA 8 Mode 0
— — PYTHIA 8 Mode 3

----- QCM
w Catania (coal.+fragm. )
W SHM+RQM

PYTHIA 8 Monash2013‘

-

ALI-PUB-498905

ALICE: JHEP 10 (2021) 159



Fragmentation Fractions: pp # e*e-

107 \ | | | | 1 e fragmentation factorisation is violated
oo = ALICE, pp, Vs = 5.02 TeV 1 o already in pp
:'(3’ 08 + B factories, e'e”, Vs = 10.5 GeV | _
- +LEP,e'e’, Vs=m, | A ) ) ) ) .
I « HERA, ep, DIS | 1 e hadronisation in hadronic environments
0.6 - %4 < HERA, ep, PHP T is a different game than in e*e-
I | ]
i .
04 = —
[ 1
¢
I + I
02 - O*E ] -
: \ \ m \ %‘ \ II] | :
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dN/dx, (arbitrary units)

dN/dx, (arbitrary units)

But already at the SPS... (my thesis ©!)

™ (a)
2 s, D+
O f?z
o WA82 D* ﬁfg. .
4
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WAS82: PLB 305 (1993) 402

e WAS82 (OMEGA): ™A collisions
o charm production in forward hemisphere
® beam valence: du (n™)
excess of D~ (¢d) over D* (cd)
o D7/D*=1.34+0.13
® particularly pronounced close to beam xg
® (try and do this with Peterson’s fragmentation...)
e modified PYTHIA tune:
1 T ‘

X WA82@340 GeV (a) [
+ E769@250 GeV . ‘ L
08 o E791@500GeV R P/ —7 | E Norrbin and T Sjdstrand:
; ,;/7[/ 4 PLB 442 (1998) 407
:"" 0»<q’|§ﬁ E},f 7777777 '\
) // T (asymmetry vs x;)
~05| / |
///
T s 0 05 1 19
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Multiplicity evolution?
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AlLarge lon Cdlider Experiment

ALICE results from LHC Run 1, 2:

The ALICE experiment:
A journey through QCD

arXiv:2211.04384

full review ALTGE
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Where do we go from here...?

man — — T
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2 3 4 567890 20 30
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R

1.8¢ T : ~ .
f ALICE 035 . . E
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[ <05
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IQCD, L. Altenkort et al, PRD 103 (2021) 014511

IQCD, H.T. Ding et al, PRD 86 (2012) 014509

L N STAR. PRL 118 (2017) 212301
ALICE, PLB 813 (2021) 136054

t I ALICE, JHEP 01 (2022) 174

1QCD, D. Banerjee ef al, PRD 85 (2012) 014510

10 12 14 16 18 20
21D, T, at T, = 155 MeV

10-100 x expected from Run 3, 4 - entering high-precision era!
-> in the following: a few of my personal favourites
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Low-p1 beauty!

- b mass just at the right spot?

e beauty not fully equilibrated? o to see equilibration on the move...?
o less suppression than for charm

o less flow than for charm & [ AUCEPbrbysy-502Tev] oqgh [ ALCE Po-Pb fEy - 502 TeV.

o SHM seems to fail o o | 16F om0

' o prompt D’ 1 14F o prompt D° e

] ] i 1 1.2k 7

e relaxation ~ 3 times slower than charm ~ 1of---- Hm ------------ T -+
m . . ] 0.8 =

o Tg = (TQ) Dg  (with my~3m,) IJLIJ @ | 1 o8 3

0.5 N - ]

o of course this does notimply thatb | %ﬁmﬂﬁ 1 oF
Cannot fu”y eq ui|ibrate_ . I A AT ] Shalibividiiessnil b BT 3

10 p,(GeVic) 1 10 p,(GeVic)

L

= given enough volume/time...
o ....out experimentally it looks like it

doesn’t. . - need high-precision b down to p;=0

- (and watch the hadrochemistry!)
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Jets as quark proxy

e direct access to parton (ideally, at least...)

_I | LI | LI | LI | LI | LI | LI | LI | LI | LI | LI | T I_

é 14— ATLAS [1LIDO model b-jets —
X "L pp+Pb 2018, 1.4(1.7) nb” CILIDO model ghtsets
- pp 2017, 260 pb — Daietal bjets .

1.2 — anti-kt R=02 jets, |y | <21 Dai et al. inclusive jets —

C VSNN =5.02 TeV, Centrality 0-20% 7]

1 B
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ATLAS: arXiv:2204.13530
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e Inclusive jets, R =0.2
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I
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ALICE: SQM 2022

10?
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Jets as imaging of in-medium parto

e e.g.:jet broadening

N Processes

L CMS Preliminary

25 -
[ = b (PbPb)/b (pp) [
F @] incl.(PbPb)/incl.(pp)
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3 f [
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o5k ( % Pb ) 30-90%} 10-30%
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- 0-10%
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Plans for LS3, LS4

2021 2023 2024 2025 2026 2027 2028

AM|J|J|AISIONID]] | FIMAM] ]| J|AIS|O|NIDYJ [FIMIAIM|J | J|A[SIO|NID{ J [FIM[AM| J | J|A[SIO|N|D{ J [FIMAM ]| J|A[S|O|N|D{ J|FM AIM|J| J|AIS|OINID] J[FIMIAIM|J| J|AIS|OINID I | FIMIAM| | J|A|S|O|N|DY J | FIM

" Run3 | ' Long Shutdown 3 (L53)
TN
2030 2031 2032 2033 2034 2035 2036 2037 2038
AMJ]ASONDJFMAMJJASO|ND AIM|]|]|A|S|ON|D{][FIM[AM| ][] |A[S|OIN|D{J|FMIAM 1| J|A[S|OIN|D{J[F[M AM|]|J|AIS] FIM[AM|]|]|A|S] FIM|AM|]|J|A|S|O[N|D) AM|1{J|A|S|ON|D|

LS4

{RunS

TITH

2041

N/Dy

AM|J|JAIS

N|D

EYETS

pdate: November 24

Shutdown/Technical stop
Protons physics

Ions

Commissioning with beam
Hardware commissioning
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Alarge lon Colider Experiment

ITS3 Vertex detector (3 inner layers) ALICE

a new, ultra-light Inner Barrel in LS3

Letter of Intent https://cds.cern.ch/record/2703140

* advances in Silicon technology: ultra-thin, wafer-scale sensors
— eliminate active cooling (for power <20 mW/cm?)

— eliminate electrical substrate (if sensor convers full stave length) \
> \
' 4

Silicon Genesis: 20 micron thick wafer

— perfectly cylindrical geometry
(30 pm thick can be curved to 10-20 mm radius)

truly cylindrical
vertex detector

END-WHEEL (Aside)
END-WHEEL (C-side)

0.05% x/X, per layer

i open-cell

Pipe: r=16mm , AR = 0.5mm carbon foam

LO:r=18mm, L1:r=24mm. L2: r =30 mm
27


https://cds.cern.ch/record/2703140

Alarge lon Colider Experiment %%

ALICE
« proposal to instrument ALICE with a Forward Calorimeter in LS3  ALICE-PUBLIC-2019-005
— FoCal-E: high-granularity Si-W sampling calorimeter
« photons, m°
— FoCal-H: sampling hadronic calorimeter
* photon isolation, jets

- access to gluon parton distribution functions ~ omeop - Aniniation

q ¥ q L)

EM and DIS measurements

g q a g

+ other observables :
e« 170

* jets (and di-jets)

« Jy,YinUPC

e W, Z

« event plane and centrality

] Forward region on
- A e — A-side instrumented
10°  10° 10" 10° 10 10" L [ — only by FIT 'EQNO



http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1
http://cds.cern.ch/record/2696471/files/focal.pdf?version=1

AlLarge lon Cdlider Experiment

Beyond LS4

* ongoing upgrade will bring us to maximum rate for a TPC spectrometer
— @ 50 kHz: space-charge distortions ~ 10 cm, track density ~ 40% (inner region)

« advances in CMOS technology open new opportunities
— vertexing, tracking, calorimetry, ...

Silicon Genesis: 20 micron thick wafer

Courtesy: R. Turchetta, Rutherford Appleton Laboratory

flexible wafers wafer-size circuits (stitching)

ALICE
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The new frontier: ALICE 3!

a next-generation heavy-ion experiment at the LHC

ALICE 3 e compact, “all-silicon” tracker

Outer Tracker

Inner Tracker ® wide rapidity acceptance (8 units)

t TOF
FD \

® high-resolution vertex detector

o as close as possible to beams!

® superconducting magnet system

-4 ® hadron, muon, electron identification
RICH

ECal
Magnet
Absorber

e forward conversion tracker

Muon identification
FCT

30



IRIS: inside the beam pipe




IRIS: inside the beam pipe




IRIS: inside the beam pipe

Beampipe n




IRIS: aperture

Minimum aperture at injection: 16mm radius
Closes to 5mm radius during operation
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Alarge lon Colider Experiment

Physics potential ALICE

* some personal favourites...
Outer Tracker ALICE 3

Inner Tracker

RICH
ECal
Magnet

Absorber

Muon identification
FCT

35



Multi-charm: the final frontier?

® huge enhancements predicted

Statistical Hadronisation Model
\ o up to 10® wrt pQCD for the Q...!
_‘% 1100 h Pb-Pb \|s,,=5.02 TeV 0-10%
55',10_11 \A_\Q $ lyl<0.5 ® negligible production in Single-Parton Scattering
~ N . .
> 102 SN : o unlike J/y
O . 3 !
2 10—4 ! & 035F = S T E
© 18 5 tor 96’ 1 = 03f | DAl +:¢E o F —+—‘+‘+_E
B oo T 2 Pythia - Just DPS [inas S g% 25F L E
- = 0251 'ythia - Just — E 3 £ e —+
:Ilgj d,s only particl 9 Ptk 02;‘: Ec%ccjggj;;" Seas 3 OEF R s E
u,d,s only particles 1 E ¢ GenXice ge—>E ta N _ L5SE + Pythia- Al E
18‘2 —— ¢ =1 particles 43 9c ﬁ 0017_ I: :ZF-C: _ 1~i’ Pythia-JustSDPSS ]é_lf++ _+__+_
| - 2 particl ) 1 E = D E = Pythia - Just f._+_._+ 3
10710 — :=Sz:rti:I:: xHe 1 Phat. IS S e 0(5,5 T . ]
10~ . _ % 10 0o 0 10 20 N
10-12 ; SHMc, T,,=156.5 MeV o w _ "
10—13 doE/dy=0.532 +0.096 mb ; P SkandS & C: arX|V220515681
10_14 PUR ST S T T S T T SN ST S S T T S S ST T S N S T S [N S ST T S N T S S S T T S S | B " .
156 2 25 3 35 4 45 5 55 6 ¢ only “exogamous” production
Mass (GeV) o unlike J /¢

A Andronic et al.: JHEP 07 (2021) 035
e ultimate sensitivity to degree of ¢ thermalisationls




DD correlations

e ~ Rutherford experiment on QGP!

e constrain energy loss and angular decorrelation simultaneously

e collisional vs radiative eloss vs momentum scale

60

—— No quenching
AAAAAAAA Full thermalisation

e full isotropisation at low p;?
50

40

v

1 dNassoc 1
rad
NDO dA(p (

e e.9..:ALICE 3 Lol

30

T ] | K s § T I T T T T ] T T T T ] T T
ALICE 3 Study, L;,, = 35nb™

PYTHIA 8.2, s, = 5.5 TeV, 0-100% central
D°-D° azimuthal correlations, bkg-subtracted

PP >4GeVic, 2<p¥ <4,ly | <4

+
+
Y‘+‘ T

|l|l||ll||||||l||—‘

B
i
-+

20

10

Illlllllll

Correl. unc. + 1.8e-04 (indep. c-cbar contrib.)
Unc. NS width + 18.0%, AS width + 3.8%

4
:Illlllllll#?lﬁ

Unc. NS yield + 19.3%, AS yield + 3.4%
TR TN T TS A O T N A I T M

H

1 2 3

_‘
o
)

Ao (
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Charmed hypernuclei?

nuclei containing a charm baryon
o sometimes called supernuclei
e.g.: c-deuteron (Afn), c-triton (Atnn)
first suggested in the 70’s
o C BDoverand S H Kahana, PRL 39 (1977) 1506

existence/stability debated ever since

at SHM abundances - expected to come into view at LHC

if full equilibration confirmed both for ¢ and for nuclear states...

—> discover or exclude existence!

+ direct study of AZ-N potential via femtoscopy?

significance

Counts

—_

o
o)
I

Correlated background .\ |

.
1% S/B=0.41 . /
- Significance = 51.1 . |

102

L e s e e B L e
F Pb-Pb0-10%, 5.5 Tev ITS2, BR(AGN) = BR(AC) * 10% 7
F oL, =7nb --eeee- ITS2, BR(AGN) = BR(A) * 3%
[ 2<p,(AN)>B GeVic ITS3, BR(AGN) = BR(AG) * 10% |
" BWp, shape - ITS3, BR(AGN) = BR(AG) * 3%
10 =
EXHIC EXHIC EXHIC
ISHM Tmu\liquark TMUL TSIat, |
PRI S IE ST R S T N S SRS N T SN |
0.002 0.004 0.006 0.008 0.01
ITS2&3
T T T T T T
- ALICE 3 study
[ Layoutvi,|n| <1.44
| PYTHIA 8.2 Angantyr, Pb-Pb |s,, = 5.52 TeV

[ —— Signal
| = Primary background

T\ R RN T

) Rt ] 1S TR AL 1 B L LA I L L
28 29 3 31 32 33 34 35 36 37

Invariant mass (GeV/c?)

ALICE3 (SHM)
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An old dream: thermal charm?

E V Shuryak: Yadernaya Fizika 28 (1978) 403
Ye ~ 30 = thermal component only ~ 3% i g ( )

¢ bUt that S for Central Pb_Pb . @BAPK-FJIIOOHHAH IIJIABM;) PORIEHUE JIEIITOHOB,
AJIPOOHBIX COYTAPEHMAX

9. B. IIYPAR

initial production: Y;,,(c&) o« A%/3 HHCTHIYE S RERHON WO CO AL CCCE
. thermal production: Yth(cc_') OC A (ITocmynuaa ¢ pedaxyuro 14 mapma 1978 2.)

IlpepiaraeTcsa Teopusi ABJIEHUH, CBA3AHHEIX ¢ MaccaMH M H IONEpPEYHBIMH HMOYJb+
caMu p,, TakaMy, 910 1 I'se <M, p; <Vs. Jlnsa BX onuCaHHA NPUMEHACTCSA MOJeNb JOKalb-
HO-PABHOBECHOX KBAapK-TAIOOHHOA INA3MBI, pasieTalmeilica IO oOpefelleHHOMY 3aKOHY.
IpuMeneare KBaATOBO# XPOMONUHAMHEKHE JJIA BRUNCICHAA CROPOCTeH pAfa peaknuil B Ta-

Yin 1/3 KOH IlasMe IIOBBOJiAET BRIYHCAATH CHEKTPHL Mace AMIENTOHOB, pacOpefeieHHAe IO P
() X — A / 7IeNTOHOB, (POTOHOB, IMOHOB M AAPOHHLIX CTPYH, CeUeHHA DOKIeHHA Iap 0YapOBABHEIX
VC KBapKOB M pa3lHYHLIX COCTOAHHI JapMOHHA (HCHOHOB): J/¥-, X-, Y'-Me30H0B. PesymbraThl
th COrNIacylTCA ¢ HKCHePHMEHTANHEIMA JaHHEIMH.
o
® e.g. for central Ar-Ar (or ~60% Pb-Pb) y. ~ 15

— thermal component already 6%
o + centrality / A dependence different from initial component

—> can it be separated from other centrality-dependent effects with very-large stats?

btw: already in our minds at time of ALICE TP
o (but theory predictions were overestimated...) 39



An old dream: beauty shock waves?

e low momentum b quarks are slow! (e.g.: at 10 GeV S ~ 0.9)
— angle of shock wave emitted by propagating b quark should depend on p

0 (rad)
e taking ¢z ~1/V3...1/2
® b subsonic forp < ~ 3 GeV/c

® p-dependent wake in multi-GeV range?
o ~40°at5GeV, ~55°at 10 GeV!

=)

m.
os
S
=
o (=]
° S S ‘ c -
ST T T T T A

rTrrrrTTTT TTTTTTTTTTTTTTT
2 4 6 8 10

P

p (GeV/c)

F Antinori, E V Shuryak: J.Phys. G31 (2005) L19 40



Alarge lon Colider Experiment

Physics potential (more examples) ALICE

® heavy flavours, quarkonia ALICE 3
o multi-heavy flavoured hadrons (Zcc, Qce, Qcce)
o D D correlations
o0 B mesons atlow pr
o yc X, Y, Z states and exotic hadrons

® |ow-mass dielectrons
O chiral symmetry restoration

Outer Tracker

Inner Tracker

o thermal continuum (virtual photons) T / : g '

e fluctuations of conserved charges Hich

o over wide rapidity range et
® ultra-soft photons Hegnet

o down to MeV scale with dedicated forward spectrometer . . 0
® nuclei, hyper-nuclei, search for super-nuclei (with ¢ baryons) FCT
® BSM searches

o dark photons

o axion-like particles

o ... Letter of Intent: https://cds.cern.ch/record/2803563

Absorber
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AlLarge lon Cdlider Experiment

Axion-Like Particles (ALP) searches

il
2 J
o LEP
10—
s 3 LHC
] (pp)
“Yoy +inv.  Pri
107"
ATLAS/CMS
(10 nb'?)
| Beam-dump
10 2—rm T T AL B R R
102 107 10 10 10°
m, [GeV]

Outer Tracker

Inner Tracker

RICH
ECal
Magnet
Absorber

Muon identification

FCT

ALICE

ALICE 3

42



& OPEN SYMPOSIUM A '\
S European Strategy B0ty A
RLICE 8

for Particle Physics

Fresh off the press:

Physics Book online

23-27 JUNE 2025 @ ‘ iNFn BE g <2 T Ay |
— w

The view of the national HEP communities |5 ALICE 3 supported and
3 prioritised in several
§ community inputs:

Completing the full HL-LHC programme is essential and must remain a high priority for CERN; Z e NuPECC LRP
o @
It is paramount to fully exploit the High-Luminosity LHC (HL-LHC) to maximise scientific returns g
Hot and dense QCD and QCD connections
;4505 A ® ALICE(Run4) ® HADES
«  HL-LHC: rich physics programme in non-perturbative QCD §4°°§;Hv ? - Ei'&fi!ﬁ!"s’ % el

(full exploitation already encouraged in 2020 strategy, ongoing) o = ; @
300

- High-temperature QCD 250;“ wosarr % X

- quark-gluon plasma equilibration with heavy quarks, 200¢- L Sy
temperature and its time evolution L : " LA

1 00 ;_ Hadronisar.ion temperature ‘.

- Hadron nature (exotica) and interactions BE  Seemunek g

(very relevant for astro(particle) physics) 0 el e T
(MeV)

chem

My atT

(sqoxer ")) yey Aewwng




Conclusions

e we have come a long way!
o from the realisation of the possible existence of deconfined matter in the 70’s
o to the first explorations of collective effects (AGS, SPS S beams)
o through the discovery of deconfinement (SPS Pb beams)
o through the evidence for strongly-coupled QGP (RHIC)

o tothe LHC harvest

parton-dependent energy loss
direct observation of QGP hadronisation
discovery of collectivity in small systems

|
|
|
m quantitative access to QGP parameters
e today:
o the plans of the community are being drawn for the next two decades
o we are entering the next phase:

- systematic exploration of the emergent properties of QCD condensed matter
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Conclusions

e we have come a long way!
o from the realisation of the possible existence of deconfined matter in the 70’s
o to the first explorations of collective effects (AGS, SPS S beams)
o through the discovery of deconfinement (SPS Pb beams)
o through the evidence for strongly-coupled QGP (RHIC)
o to the LHC harvest /i
m pgrton-dependgnt energy loss o E‘% d—
m direct observation of QGP hadronisation —\\'}9\
m discovery of collectivity in small systems
m quantitative access to QGP parameters
e today:
o the plans of the community are being drawn for the next two decades

o we are entering the next phase:
- systematic exploration of the emergent properties of QCD condensed matter

\
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