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Experimental results



HI and fixed target with LHCDb

LHCb has unique forward kinematics as heavy-ion
collider and in fixed target mode - System for
Measuring Overlap with Gas (SMOG) served as a

“pseudo-target”

First direct determination of the antiproton production

cross-section in pHe collisions
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HI and fixed target with LHCDb

LHCb has unique forward kinematics as heavy-ion
collider and in fixed target mode - System for
Measuring Overlap with Gas (SMOG) served as a

“pseudo-target”

No strong differences are observed
between pHe data and the theoretical
predictions that do not include any intrinsic =

charm contribution

e
[=}
T

= E T T ] = F T T
8 700{-LHCb sy, =86.6 GeV pHe 4§ 70f LHCb {s,,=86.6 GeV pHe E
§ 6OOE-LSCbC{a% CTI4NLO+nCTEQIS E § 60 LHCb data E
> g prex . +n : E £ I pHe x 144 CTI4NLO+nCTEQIS E
£ 500 o x 178 CTINLO E =l pp x 144 CTI4NLO —t—
— F —— Linear interpolation = 50 =
% 400 é ------- Logarithmic interpolation q: ' """""""" é % 20 ; i é
<300 E = g B E
= 00 E ..,.—...im E o'o 30 = E
ERA]= * E
M 3 F . E
100 P s E 10 | E
oL I I I E 1
-2 -1 0 0 L -
yi -2 -1 OV*
% 1p T T ¢6>\ 1 E T T
5 09F LHCb |5, =110.4 GeV pAr 1 = 09 LHCb |5, =110.4 GeV pAr 3
3 08F LXCh(éi”FI&NLO CTEQI5 —{ Z 08f 4 LHCb dua E
Z E O pAr +n — = [ BN pAr CTI4NLO+nCTEQIS E
= 07F CTI4NLO n 0.7f E
§ F —— ﬁ‘i’near interpolation E Z 06 ; “““““ pp CTI4NLO ﬁ E
z> 0.6F ... Logarithmic interpolation msmmpm © 06f — €
© 05 05F E
E } = —— E
0.4 [ 04 g :
03F 03F —— E
02F 02F =
0.1 0.1 T E
I | | E
0 -2 -1 1 0
: Pasquale Di Nezza A
Valentina Zaccolo - MPI@LHC 2018 2/12




MPI in ALICE multiplicity measurements

Multiplicity fluctuations at fixed number of ancestors/MPI influence pA and AA
distributions as a function of centrality: uptick effect
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HF measurements with ALICE

Heavy-flavor quarks (charm and beauty) mainly produced in hard scattering - can
probe the entire evolution of the QGP
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HF measurements with ALICE
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Heavy-flavor quarks (charm and beauty) mainly produced in hard scattering - can
probe the entire evolution of the QGP
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HF and quarkonia with PHENIX and STAR
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More suppression of Y(2S+3S)
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-More suppression of Y(1S) in central

—> consistent with “sequential melting”
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Direct photon production at PHENIX
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Theory models



Developments:

String-string interactions - vortex lines
(can reproduce pp ridge structure and strangeness

enhancement)

Angantyr extension for pA and AA: currently no QGP
effects (ropes, shoving) in AA but can reproduce

global features

Valentina Zaccolo - MPI@LHC 2018

Model/Data

6

N

o - =
© - - S}
T T T T T[T 11T

o
oo
TTT T[T 71T

T

w7 ALICE
HIJING 2.1, 8y = 0.28

AMPT
RELEELELE PYTHIA/Angantyr
I EPOS-LHC

cgutET
......

e KLN, X = 0.252
o — — EKRT, v/s = param1

L B e L
L Xe-Xe, \s\y=5.44TeV, Inl <0.5 ]

— - — Duke global calibr. RSy

s IP-Glasma + subnucleon fluct. _|

Christian Bierlich

0 50 100 150 200 250




TCM of hadron production

Empirical model derived from particle data:

Pt (GeVio)

* no radial flow in p-Pb

* no jet modification in p-Pb 12

* no color reconnection

—> can reproduce particles spectra

0.6
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PID data from | ALICE: PLB 728, 25 (2014)

0.81#

0.4

v 111111

T . Y. o

Glauber

- pp ! p-Pb © Lambas

14

no hydro

j ets STeVpp hadrons i
‘‘‘‘‘‘‘‘‘‘ @yyaxxﬁﬁﬁeajxlg£09933”‘”xﬁ::

@W

hadrons

default PYTHIA

MC

40 60 80
| TAT- 1812 01151 |

| 120 |
n, /An

100

Thomas Trainor

9/12




Flow harmonic coefficients

Experimental data cannot bring to a conclusion on whether it is an initial state or a
final state effect

Proton structure definition is crucial

[Méntysaari et al. Phys.Lett. B772 (2017) 681-686 |
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Future projects



Electron lon Collider

Addresses open questions on structure of nucleons and nuclei:

« spin of nucleons and nuclei: quarks contribute to a fraction of proton spin
« tomography in momentum and spatial space

« saturation: gluon occupancy amplified for nucleus Rep

__0.05
Sy

plGeV™)

o]
)
@
<

o
2
=
»
a

Gluons
>

Resolution I

Strongly Correlated
A Quark-Gluon Dynamics

DGLAP

é‘*&/
- ‘
0&
e
«

Q3(x) High-Density

‘%70 o%%t Gluon Matter

f Non-pt.. 'I‘-’Qf, %

EU-US collaboration:
more news in 2019!

ve perturbative

non-perturbati
\
strong
pling

Pomerons?
Regge tr. ajecto ies? Y

Parton Densi ty

.,t.. BFKL® G

saturation

rise of gluon
density

Valentina Zaccolo - MPI@LHC 2018 Marco Radici 11/12




Tentative summary

Physics of Heavy lons is active, rich and still to develop!
« small systems like pp and p-Pb (d-Au) were planned as control systems but
show instead interesting features to be studied/understood more (initial/final
state effects? cold/hot nuclear matter effects?)

« MPI effects are visible in global observables in AA and pA

» What are the HI measurements which are more influenced by MPI?

Look forward to new (more precise) experimental results, to new small collision

systems... in general to more interaction among experimental and theoretical
community!
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