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Relativistic Heavy-Ion Collisions

Dark Energy
Accelerated Expansion

Aferglow Light @ kAges  Devolopmentaf * With heavy-ion collisions we aim to reproduce the conditions

375,000 yrs. Galaxies, Planets, etc.
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.‘m..:.a..ui%ig;ég existed a few moments after the Big Bang.
il | *@ﬁ’ggﬁgﬂ! . * Hot and dense matter form the Quark-Gluon Plasma (QGP).

1st Stars
about 400 million yrs.

* Experimentally we measure

Big Bang Expansion

only the remnants of the
} QGP decay.
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13.77 billion years
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understood simultaneously.
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Ultra-Peripheral Heavy-Ion Collisions
* Ultrarelativistic moving nuclei produce strong electromagnetic fields

that can be treated as a quasi-real photons flux

High-energy photons allows us to image
the internal structure of the nuclei !
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Runs 3 & 4 Outlook
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* Continuous readout — higher data collection efficiency

* Siginificant detector upgrades
* L increase Run 3 and 4:
v — Pb-Pb: ~13 nb! (> 10x current ALICE lumi at mid-y) !!
v — p-Pb: ~0.6 pb’!
v — p-p: ~200 pb! (using High Level Triggers)
* ALICE Norway is involved in some of the main physics topics and
instrumentation projects, as well as computing & software upgrade:
v New analysis-level trigger will allow to increase p-p data sample by a factor of
a few 1000s in the central barrel. 6



Heavy quarkonium production in QGP
* Heavy quarkonium (e.g. J/U) is suppressed in a deconfined medium due to

colour screening and the dynamic dissociation
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* Charmonium can be produced on a statistical basis, during the system evolution

— enhancement of charmonium states at the LHC




J/1 production in p-p

* Provide the important vacuum reference and stringent test for QCD calculations
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* Prompt J/{ production — directly from a “charm” quark-antiquark pair
* Non-promt J/1p production — from the decays of “beauty’ hadron

— Also a good tool to study the production of beauty-flavour



J/b production in p-p as a function of multiplicity
* Understanding J/1{ production in various conditions is essential for a good reference.
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* Increase of the fraction of non-promt J/{ with multiplicity is observed
— multi parton interaction (MPI) play an important role at higher multiplicities 9



Jet fragmentation in J/O in p-p collisions
* The fraction of transverse momentum carried by the J/1{) within a charged jet

ALICE Preliminary
pp Vs=13 TeV, TRD ¢ Prompt J/y

Jhy-tagged charged jets, anti-k_, R = 0.4 ¢ Non-prompt J/y

PP S 10 GeVie [ ]Systematic unc.
4
1<p)¥ <40 GeV/c, y| < 0.9

* Measured both for promt and non-promt J/{ production.

10



J/-hadron correlations in p-p collisions
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* Provide information on the
hadronization process and
the relation between perturbative
and non-pertubative regimes.
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B-meson production in p-p collisions

* Important input for non-promt J/{) production.
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« B-meson production is observed both for low-p_ and high-p_regions.



{(2s) to J/Y ratio in p-p collisions Run 3 data
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* The measurement performed both in di-electron and di-muon channels
— both at mid- and forward rapidities.
e Stronger suppression is observed at low-p._. values.
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J/x[) product10n in Pb Pb collisions: ALICE Results
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* Nearly no suppression at the

— regeneration of quarkonia
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* The SHMc model and transport microscopic

calculations that include a contribution from

regeneration are compatible with the

measured prompt J/O R |

at low p..




J/1 production in peripheral Pb-Pb collisions

* Possibility to observe photon-induced interactions in collisions with nuclear overlap
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* Excess of low-pT J/p-s is a clear signature of photon induced interactions.



Coherent p°(770) photoproduction in UPC PbPb and XeXe
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pY(770) is a great tool to study the nuclear structure and effects like nuclear-shadowing!

It has been also extensively studied in pPb UPCs by CMS and in ep by H1 and ZEUS.



Excited p states: High-mass two-pion final state

Not much is known about the excited p: PDG lists p(1450), p(1700) p(1450) VRS e

Both

of them can decay into 2 or 4 pions.
JHEP 06 (2020) 035
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See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1465 + 25 MeV [1]
Full width I = 400 + 60 MeV [

p(1700) 16(PCY =1t(1— )

See the review on " Spectroscopy of Light Meson Resonances.”
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X Wldth D 1642 + 0.0155
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https://link.springer.com/article/10.1007/JHEP06(2020)035

Exclusive four pion in UPCs

*never studied in UPCs at LHC STAR Collaboration: Phys Rev C 81 044901, 2010
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One resonance does not describe the peak shape well. However, the low statistics of the data
does not allow for the extraction of the resonance and mixing parameters for a two-resonance

scenario. 18
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Background Estimation
Template fit

| <0.5

Pb + Pb — Pb + n'n'n*n + Pb, {5y =5.02 TeV

[ Data (zero net charge)
Combinatorial BG (Pol4)
Coherent STARIlight MC
Incoherent STARlight MC
Sum(Coh + Incoh + Comb BG)
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Three Contributions:
- Signal ~50 MeV
STARIlight MC (reweighted)

- Combinatorial Background >500 MeV
Non-zero net charge events

Most backgrounds are rejected by the
requirement: Event p, < 150 MeV.

The template fit is needed to estimate
the remaining contributions.
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Fit With interference
,G(JPC):l-I-(l——)

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1465 = 25 MeV [
Full width I = 400 + 60 MeV [l

ALICE Preliminary Pb + Pb — Pb + n"Tn*n + Pb, | 5 = 5.02 TeV
Iymwr'n'l <05
LA x2/ndf =20/ 21

] Uncorr. Syst. = lotal
==m Total Unc. —— ALICE p(1450)
- = ALICE p(1700)

See the review on " Spectroscopy of Ligh'.c Meson Resonances.”
Mass m = 1720 + 20 MeV ] _(npo and 77 7~ modes)
Full width T = 250 + 100 MeV Ul (0% and 77 7~ modes)

- |nterference

d =1.52 £+ (.16 (stat.) = 0.19 (syst.)

M, = 1385 * 14 (stat.) * 36 (syst.) MeV,
I', =431 + 36 (stat.) = 82 (syst.) MeYV,
M, = 1663 * 13 (stat.) = 22 (syst.) MeV,
I' =357 * 31 (stat.) £ 49 (syst.) MeV
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Cross section measurement

M. Klusek and D. Tapia Takaki Acta Phys. Polon. B 51 (2020) 6, 1393
Paper figure

ALICE Preliminary Pb + Pb— Pb +n'n 't + Pb, sy, = 5.02 TeV

ALICE p(1700)
Theory p(1700)

ALICE p(1450)
Theory p(1450)

Two resonance scenario : One resonance scenario

ot ALICE fit
Theory p(1570)

20 30 40 50 60 70 80 90 100
do/dy e Branching Ratio (mb)

The total cross section is below the calculation assuming one wide resonance, while the results

extracted from the fit with the interference are rather close to the respective lines. 21



General photonuclear interaction

* Rapidity gap, void of particles, on the side of the photon-emitting
nucleus. Nucleus intact
Was not possible during Runs 1 & 2 due | | e e
to a symmetric trigger veto

v Continuous read-out will allow to select events with
activity on one side only.
- Can ‘trigger’ events by requiring activity:

One side of Tracker and ZDC.

New rich field for investigations!

Mucleus breaks up

COllCCthC eﬁects in ’}""Pb SyStemS Mulliple neutrons

Radial and elliptic flow

Open “charm” production

Jet productions 22



Summary

* ALICE Experiments provide unique opportunities to recreate and study the conditions
existed the very first moments after the Big Bang.

* Understanding the properties of the Quark-Gluon Plasma requires the knowledge of all the
stages of the nuclear collisions.

— Various observables in p-p collision provide the stringent tests for QCD models and the
important vacuum reference for Pb-Pb interactions.

— Ultra-Peripheral Collisions allow to image the gluon distributions inside the nuclei with
high-energy photons and thus understand the initial state of the collisions.

* Run 3 & 4 from ALICE data will allow to perform the most precise and differential
measurements of these and new processes.

Thank you very much for your attention!
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