Learning about the strong ALICE
Interaction from heavy-ion
collisions with ALICE
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Introduction



Hadrons in a box Point particles in a box



Percolation

onfined matter Deconfined matter

 Deconfined strongly interacting matter - the quark-gluon plasma



How do you make deconfined matter?

Increase Baryon density

About 4 times nuclear density

Increase Temperature

about kg1 ~ m,,
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 Nuclei essentially pass through each other and leave region of high energy density

 Enough time to thermalise



Phase diagram of strongly interacting matter
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Why do we care?

October 2015

o (Qz) v T decays (N3LO)
: > | a DIS jets (NLO)
¢ QCD nOn'Abe“an gauge | 0 Heavy Quarkonia (NLO)
theory 03| ‘ o e'e jets & shapes (res. NNLO)
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_ _ j v pp —> jets (NLO)
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: 02}
» Confinement |
 Perturbative QCD: pQCD 012 .
o QGP: LabOratOry for = QCD 04(M,)=0.1181 £0.0013
nonperturbative QCD in 1 0 o[Gevy 1000

eXtreme COnditiOnS Running coupling (from pdg book)



Stages of a heavy-ion collision

Nuclear collisions and the QGP expansion

collision evolution particle
expansion and cooling detectors
kinetic
freeze-out
[umpy initial hadronization distributions and
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t ~ 10 fm/c t ~ 1015 fm/c
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Evolution of the QGP

t=10 fm/c

 Evolution described via relativistic hydrodynamics

« Medium expands and cools
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Heavy Flavour



How do we learn about the QGP?

—
— _—

 “Transport properties” of the quark-gluon plasma

 What kind of projectile works best?



Why measure heavy flavours?

» m.~ 1.3GeV/c
m, ~ 4.2GeV/c

« Large compared to QGP
temperatures (7, ~ 155 MeV)

. (Large compared to
Agcp ® 330 MeV)

. Clear association of quark and
hadron
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Qualitative expectation

! l L l | l |

t=101m/c Prompt D°, [y|<0.5 -
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Eir 3.5% lumi, £ 1.0% BR uncertainty not shown E

e Measure momentum distributions and
anisotropy
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Observable: the nuclear modification factor
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. If it is 1 — no effect from QGP
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Nuclear modification for beauty and charm

What does this tell us about the strong interaction?
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Modeling heavy quark interaction with the QGP

weak coupling strong coupling

T ;m/\\\?‘ Y/
R>! %&:q
AdS; —Schwarzschild Aonn

ol 60&

* Individual scattering events

 Almost all models in this paradigm

’ ’ o ’  But: interaction of quarks with the medium not
. . 7 the only relevant process
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Hadronisation



Hadronisation

« (Complex, nonperturbative process
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Statistical hadronisation
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Heavy flavour hadronisation
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 Apply statistical hadronisation to
heavy quarks

« SHMc: take into account that
charm quarks are not produced
thermally
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What about the particle momenta?

o)

1

1

-15}

parts of the fireball - hypersurfaces with

Add up the contributions from different
different velocities

T (fm)



Thermalised charm spectra ..
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Heavy flavour In small systems
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Surprise: Charm hadronisation in hadronic collisions more similar to Pb—Pb than ete™

What about beauty?
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Higher mass makes many
assumptions more valid

Measuring in the beauty sector
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ummary

Heavy ion collisions and the
QGP give laboratory to
understand QCD in extreme
conditions

Heavy flavour quarks are useful
probes to understand the
properties of QCD matter

Hadronisation seems to hold
secrets that we still need to
explore

Run:244918

imestamp:2015-11-25 11:25:36(UTC)

ek =P HB-583504

ALICE overview paper: Eur. Phys. J. C 84 (2024) 813
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Appendix
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 When the QGP turns into particles, they have the same average velocity 1 0‘6 T T e
« Central collisions — more QGP, longer evolution — higher velocities 0 1 D 3 4
e Heavier particles have a higher momentum for the same velocity pT (GGV/C)
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