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Heavy-ion collisions

High-energy heavy-ion collisions: an effective
way to concentrate a large amount of energy in a
small volume

This lead to the creation of a «fireball» of hot
and dense QCD matter = under extreme
conditions, phase transition to a deconfined QCD
medium, according to QCD predictions.

Experimental evidences for QGP already
observed

Current experimental campaigns (at RHIC and
LHC) are aimed at a detailed study of the
properties of the QCD medium in term of
viscosity, opacity, transport properties etc.




Exploring the QCD phase diagram with
heavy-ion beams at high energy

lEarly Universe The Phases of QCD
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Exploring the QCD phase diagram with
heavy-ion beams at high energy

The ATLAS Experiment

LHC: ALICE, ATLAS, CMS and LHCb(*)

The collected data include:

> Pb-Pb at \/Syy = 2.76, 5.02 TeV
= Xe-Xe at \/Syy =5.44 TeV

- p-Pb at./Syy =5.02, 8.16 TeV
- p-p at different energies
(*) including fixed target mode

RHIC: PHENIX, STAR

The collected data include:

- At RHIC top energy

- Cu-Cu, Cu-Au, Ru-Ru, Zr-Zr, Au-Au, U-U
- p-p, p-Al, p-Au, d-Au, 3He-Au

- Energy scan

-> Au-Au for /Syy =7.7 - 62 GeV

L. Pappalardo on LHCb results 4

U Heavy-ion parallel session: talk by W
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Identified hadron yields

«Hadron Chemistry»

(e.g.) Pb-Pb central collisions at VS, = 5.02 TeV compared to thermal models
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Comput. Phys. Commun. 180 84 (2009)
GSl-Heidelberg: Andronic et al.,

PLB 673 142 (2009)

SHARE: Petran ef al.,

Comput. Phys. Commun. 185 2056 (2014)

Measured integrated yields of
light-flavor hadrons, nuclei and
hyper-nuclei

Fairly well described by thermal
models over 7 order of
magnitude with single freeze-out
temperature of about 153 MeV

Some deviations (few o) for
short-lived resonances (K*),
protons and multi-strange
hadrons = role of rescattering?

Heavy-ion paralle session: related talks by
A. Knospe, S. Piano and O.Riste@




Yields of strange hadrons vs. system size

Focus on strangeness:
production of strange and multi-strange
hadrons in pp, p-Pb, Xe-Xe and Pb-Pb collisions

1982 (Rafelski, Muller): Strangeness enhancement relative
to elementary collisions proposed as a signature for QGP.
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* Measured yields normalized to pions

* Data for different collision system
represented on the same plot as a function
of charged particle multiplicity

* Smooth evolution of strange particle yields:
hadron chemistry is driven by the multiplicity

[ALICE, Nat. Phys. 13, 535-539 (2017)]

* Increase of strange-particle production for
small systems, saturation around thermal-
model values for large systems.

* Hierarchy: larger increase for particles with
larger strange-quark content

Ongoing efforts to explain behavior with models
* Lund string, color ropes (PYTHIA, DIPSY)
* core-corona (EPOS-LHC)

* thermal-statistical (canonical suppression)
[V. Vislavicius, A. Kalweit, aXiv:1610.03001]

)

Need new framework, currently no known unique
solution (T. Sjostrand, QM2018)



Anisotropic Flow

Azimuthal anysotropy of emitted particles = pressure gradient <=initial space
anisotropy of the overlap region

Quantified by Fourier decomposition of particle azimuthal distribution relative to
the reaction plane

dN N

% = o 1+;2w“ms(ﬂ,(p Ug))

Sensitive to hydrodinamic properties of the expanding medium

pressure momenta




Anisotropic Flow

Spatial anisotropy of the initial system are due to:
Geometry of the collisions

Event by event fluctuations

H. Méntysaari, B. Schenke, Phys. Rev. Lett. 117, 052301 (2016)
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Anisotropic Flow in Xe-Xe

Recent results in heavy-ion collisions from RUN Il at the LHC: Xe-Xe

Comparison Xe-Xe to Pb-Pb:
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Anisotropic Flow in small systems

RHIC and LHC data: comparison to hydro models Can hydro develop in so small systems?
arXiv:1710.09736, accepted by Phys. Rev. C
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High-p; hadrons and Jets

Parton energy loss:

a parton passing through the QCD medium
undergoes energy loss which results in the
suppression of high-p; hadron yields, via

v
1

Collisional energy loss with partons in the medium

Radiation of gluons (gluonstralhung)

»

Dead-cone effect expectation: AE ;. o yarks™ AE

heavy quarks

. (quenched) jet

Experimental observable:

dN 4

dpy Spectrum in pp Nuclear Modification Factor R,,

Jo hed spect l dN.q.qfde
uenched spectrum RAA (pT) —

0 (Now) N, /dp,
Binary scaling

p Note: R,, depends on energy loss but also on other parameters,
. such as the slope of the p; distribution

\J
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High-p, hadrons R,

arXiv:1802.09145
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e Strong suppression in central Pb-Pb collisions, R,, re-approaching unity at large p;
* Negligible suppression in peripheral Pb-Pb
* Noindication for relevant final state suppression in p-Pb

More quantitative infos on energy loss (transport coefficient ¢’ ) can be inferred by data:

AE, 4 ~asCpGl* ) §G=~12—1.9 GeV?/fm atRHICand LHC, rispectively

(JET coll., Phys. Rev. C 90 014909)
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High-p,: hadrons vs. jets

Charged particle Raa
. 274 po™ (5.02 TeV pp) + 404 pb™' (5.02 TeV PbPb)
B T T T AL g LY —
B SCET, (0-10%
- CMS Hybrld Modsl (01050 ]
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[ - ATLAS, \s,,, = 2.76 TeV, arXiv: 1411.2357 ]
e m e e e e e e e 4§
- ATLAS-CONF-2017-009 A
i ----!--- ------------ ?+:-’ ------------------
[ 2015 Pb+Pb data, 0.49 nb™
L 2015 pp data, 25 pb’
ol | | I N B B
100 200 300 400 500 600 900
p. [GeV]

Jets: Raa < 1 out to high pr

Single particles: consistent with expected constant (log E) dependence
Jets: suggest increase of AEVs E

Tentative interpretation: in jets, multiple partons lose energy; more partons in high-E jets = more E-loss
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Jet shape studies

* Jet shape modifications may arise from the interaction with the deconfined medium

created heavy-ion collisions.

 Jets are multi-parton states; do the partons loose energy independently?

* Declustering: by removing the soft wide-angle
radiation inside a jet (soft drop), a pair of “subjets”
can be selected.

* Key observable: momentum ratio of these subjets

(splitting function) . : ALICE Preliminary 3
. 9F E C PbPb \s, = 2.76 TeV -
_ mln(pT,li pT,Z) 0.8k E B Anli—k!b;:harged jetse, R=04 7
Zg = . : o 102E 80 < o <120 GeVic -
pT,l + pT,Z So 07 3 N - SoftDIOp Zy, = 0.15 =0 E
2 06 g - AR>02 4 Data ]
. —y BE E
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8 0.5¢ E " E &= PYTHIA Embedded S
K 0.4F R C ]
incoherent coherent '::,2*3 0.3k E % 1= == =
T — 0.2 E - l —_— ]
gluon _,—--"'f - —— - =
\00000000 <7 e 00000000 —==—"""T7"] 0.1 E i ==
T E??T % QEJ 1105=. | L] I ||l§
- — > 1.2F 5E =
medium E
parton e B 1 § R 1= e
medium by - E J
parton ©  0.8f © 05 _E\_—
O (o Oo E
0.05 0.1 0.15 0.2 0.25 0.3 0.350.4 0.45 0.5
unselected Z

g9

* Suppression of large-z, events (symmetric splittings) observed

e Consistent with independent energy loss of large angle splittings .



Open heavy flavors

Specific features of heavy quarks relevant to heavy-ion studies

* Large mass (m_=1.5 GeV, m_ =5 GeV) = produced in hard
processes at the initial stage of the collision with short

* Flavor conserved by strong interaction + production of
HF in QGP is subdominant = interaction with QGP do
not change flavor identity

formation time, much smaller than QGP lifetime l

HF are hardly
distroyed/created

are transported
through the full
system evolution

by the medium and

this is expected to depend (also) on the quark mass (dead cone effect)

Tool for understanding the general properties of parton energy loss in a deconfined medium since

- AE. . < AE
| ‘ o quark gluon
q: colour triplet ———Vsﬂ/y AE, < AE. < !ﬁ\Ethtq

u,d,s: m~0, C.=4/3

C g
g: colour octet m‘mﬁgﬁ& which should imply

g: m=0, Cg=3
Q: colour triplet _.y-—""", B D n
R rErEE R S e
c: m~1.5 GaV, Co=4/3
b: m~5 GeV, G- RUN-I: first indication of
mass dependence of
‘QCD medium’

energy loss

D Heavy-ion paralle session: talk by A. Festanti W
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Heavy Flavors: energy loss

Hierarchy and flavor dependence = recent results at RHIC and LHC
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* B mesons and J/y from beauty hadrons
show nuclear modification factors larger
than those of D mesons and charged
hadrons

Hint of smaller D, suppression:
Strangeness enhancement ?
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Heavy Flavors: elliptic flow

Charm does flow...

Phys Rev. Lett. 118, 212301 (2017)
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Charm v, similar to charged particles suggests that charm
approaches thermal equilibrium with the medium

... and Beauty is being explored!
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Heavy Flavors: energy loss and flow

* Large collision systems (e.g. Pb-Pb): the simultaneous measurement of R,, and
v, allows to constrain models describing the QGP transport properties.
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Heavy Flavors: energy loss and flow

Small systems (e.g. p-Pb): HF behavior similar to charged particles

Rpr - D mesons

, )2 J/y from B
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7\ | ‘ I ‘ I ‘ Ll | L1 | | ‘ I - ‘ L |7 m 07 J-I_A_I:
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0.15[~  ATLAS-CONF-2017-006 PLB 726 (2013) 164-177  — - O K2 -146<y__ <054 {1 &
C - ~(cb) e ] j CMS-PAS-HIN-18-010 | B
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# Differences in the binding energies of the

Quarkonia: suppression and (re)-generation

Early idea by Matsui and Satz: J/\y suppression N
by (CO|Or) Debye Screening in QGP 2 Start of collision quark—gIEonplasma Hadronization

guarkonium states lead to a sequential melting

of the states with increasing temperature
(Digal,Petrecki,Satz PRD 64(2001) 0940150)

- thermometer of the initial QGP temperature

Increasing the energy of the collision the
CC pair multiplicity increases and may led
to charmonium production via
recombination

-
In most SPS RHIC | LHC E statistical regeneration
central A-A 20 200 | 2.76 2
collisions GeV | Gev | TeVv R 1
=
]
N _Jevent ~0.2 | ~10 | ~60 2
cchar =
;‘. sequential suppression
Charmonoum production may be enhanced via -
(re)combination of cc pairs at hadronization Energy Density
(statistical approach) or during QGP stage (kinetic
recombination approach)
Heavy-ion parallel session: talks by
P. Braun-Muzinger and J. Stachel, Phys. Lett. B490(2000) 196, E. Ferreiro, G. Fronzé, E. Boulova-Thacker
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J/y suppression: RHIC vs. LHC

«moderate» p;:

Results on inlcusive J/y: centrality dependence of the nuclear modification factor Ry,

Phys. Lett. B 766 (2017) 212-224

T

n:g 14 Inclusive Jfy — wu’ ]
® ALICE, Pb-Pb 5, =502TeV,25<y <4 p_<8GsVic ]
10 B ALICE, Pb-Pb s, =278 TaVW, 25 <y <4, p_<8GaVic h
’ O PHEMIX, Au-Au ﬁ =02TeVW, 1.2<lyl<22 p =0 GaVic ]
1 *

08 H"ﬂ ol . LHC .

. = ; ]

04F = 9 B :
ook BB g RHIG ]
e 0 Cal

D l#l i I 11 1 1 I 11 1 1 I 11 1 1 I 11 11 I 11 1 | I 11 1 1 I 11 K I-

0 50 100 150 200 250 300 350 400

(N_)

Increase multiEIicitE 4

PLB 766 (2017) 212

Trrr|rrrrrrrrJrrrr|yrrrrJrrrrJrrrrJrrrrjJ iz
I I I I I I I I

ALICE inclusive Jiy — pn, 25 <y <4

Transport model (Du and Ra
. ® Pb-Pb \s,,=5.02 TeV P ( PP)

: Xe-Xe (J/y: - -direct, — regenerated)_]
B ® Xe—Xe\s,=544TeV

Pb-Pb (J/y: - -direct, — regenerated)

IIIIIIIIllllIIIIIIllllllllllllllllllllll-

50 100 150 200 250 NVSVOO 350 400

part’ XeXe’ parl>Pbe

* Large suppression observed at RHIC, increasing with centrality
* Much smaller suppression at LHC, with different behavior as a function of centrality.

- Consistent with regeneration scenario
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More on J/y

* Regeneration mechanism relevant at
low p;, as predicted by models

* At p,; larger than about 5 GeV/c, J/y
suppression similar at RHIC and LHC

—

PbPb: prompt J/y suppression

PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

2. qf I —
1.6
T CMS
- Hidden charm - ]
1.4 Pompt Jhp Supplementary . 2
r PlEclyl<24 Hiyl=24 . Z<.
1.2 Open charm J =
[ @D HNs0m 15
- <1 .
It g
- S
- 1 O
0.8: : %
0.6F ERY
VSN 0.4F E
[ FINAL - .
S@mi 0.2 =
0: Ll .
1 10
P; (GeVic)

J/w suppression similar to DY suppression
Jet quenching for charmonia?

Phys. Lett. B 766 (2017) 212-224

<<
<
@, 4F ALICE mcluswe J/\p - ut |,1
[ 25 <« y < 4 Transport | 5, = 5.02 TeV (TM1, Du and Rapp)
1.2 ® Pb-Pb | 5, = 5.02 TeV, 0-20%
E B Pb-Pb | 5, = 2.76 TeV, 0-20%

: . ©
o 5 CRNC
Oy @

0.2 m $ @
> E 1 ! ! 1 |
e 18F
Fs14f Iﬂ [ﬂ
§1.2;— EI + J}J
© 1:_ .....................................................................
%go.ai—
T 085 5 ) g 8 10 12

p_ (GeV/c)

§mm /vy at larger p;: the nuclear

Study of the suppression of «prompt»

modification factor is very close to the
one measured for D-mesons.
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J/y flow

* Pb-Pb collisions at LHC:

v,#0 measured by —
different experiments

ALICE, PRL 119 (2017) 242301

E 0.25 [ T T T I T T T | T T T I T T T I T T T '| T T T ]
w - ALICE 20 - 40% Pb-Pb, | 5, = 5.02 TeV ]
o - Inclusive J/Ay —
= 02 - re'e, lyl < 0.9, v{EP, An =0} 7
- Ou'L, 25 < ¥y <4, V{EP, An=1.1} 7
0.15— - global syst : 1% —
0.1 |+| —
0.05 - =
0 E" .......................... _:
C X.Du et al. K. Zhou etal. (25<y<4) ]
—0.05F EZZE Inclusive J/y, ly|<os Inclusive J/yw w non-collective _]
N Inclusive J/y, 25<y <4 Inclusive J/y w/o non-collective -]
R Primordial J/y, 25<y <4 Primordial J/y .
01 [T S SR T TR SN NN AT T SN N T T S N SR S N -

0 2 4 6 8 10 12
P, (GeV/c)

Zhou et al., PRC89(2014) 054911
Du et al., NPA943 (2015) 147

ATLAS-CONF-2018-013

> 0.25

0.2— ¢ ATLAS, Non-prompt Jhy, 5.02 TeV, |y| <2, 0-60%
& ALICE, Inclusive Jhy, 5.02 TeV, 2.5 <y <4, 20 - 40%

0.1 5__ ¥ CMS, Prompt J/y, 2.76 TeV, |y| < 2.4, 10 - 60%

0.1

0.05

B8

ATLAS Preliminary
@ ATLAS, Prompt J/y, 5.02 TeV, |y| <2, 0-60%

A CMS, Prompt J/y, 2.76 TeV, 1.6 <|y| <24, 10 - 60%

i

0

5 10 15 20 25
P, [CeV]

w
o

* Magnitude of v, reproduced at low p; by

_ models including J/\y regeneration, but

underestimated at larger transverse
momenta.
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T(1S) R

Bottomonia

1.4 30;60‘;-} 10]3(]‘2% 0;10";-—“'(
- * T(1S): STAR Au+Au@200 GeV lyl<0.5

30-60% 10-30 % 0-10%
I | |

*  Y(25+3S): STAR Au+Au@200 GeV lyl<0.5

1.2 L Y(1S): CMS Pbh+Pb@2.76 TeV Ivl<2.4 — & Y(2S): CMS Pb+Pb@2.76 TeV lyl<2.4

2 e |
0.2 N_, uncertainty m

i [ —— T(35): CMS Pb+Pb@2.76 TeV lyl<2.4

STAR Preliminary

N, uncertainty

[CMS: PLB 770, 357 (2017)]

0 100 200 300 200 0

100 200 300 400
part part
* RHIC and LHC results for the Y family:
* Hierarchy of suppression, reflecting the different binding energies
* No sudden turn-on
 Similar Ry, for Y(1S) at RHIC and LHC, could be due to:
* Different temperatures of the medium due to the different beam energy
* Larger regeneration at LHC
 Different Cold Nuclear Matter effects o
o Not |n contradd|ct|on Wlth models’ eg N TAMU, X. Du et al PRC 96, 054301 B. Krouppa, et al PRD 97, 016017
Y(IS) Y(S) Y(38) Y(S) Y(S) Y(S)
T M) 500 240 190 ToMeV) 60 520 170




o(y+p — Jiy+p) (nb)

Ultra-Peripheral Collisions

High-energy heavy-ion beams as a photon emitter

photon-flux is

i well-known A

*  UPC: collisions with b>R1+R2 - hadronic interaction suppressed
* E.M. field of a Pb nucleus = beam of quasi-real energetic photons

* The number of photons is proportional to 72
0, A, V(2S), .) * Study y—A and y-p interaction = vector meson production”
| >—— * Clean identification = «a lepton pair in an (almost) empty detector»
* Separation coherent/incoherent (p; — based)

/\ *  Access to gluon distribution functions at low-x (10°<x<10?)
t

Vector meson

ALICE (p-Pb) and LHCb (pp) X Pb-Pb : LHCB-CONF-2018-003
4 1072 1072 16+ 10°° 5
10 -l T l .l [rrrrr T T [rrrr T T [rrrr T S\ o Guzey et al.
[ e ALICE Preliminary E 4.5 LHCb Preliminary
[ ¢ ALICE (PRL113 (2014) 232504) s -] &= 0 ; w— LTA_W
Power-law fit to ALICE data ¢_‘.¢,¢"‘ i > 4 %, —8— Pb-PD |5=5 TeV —LTA_S
o Hi oes ") 5 e
v ZEUS ¢¢ ?*?'_i cou B 3.5 EPS09
o LHCb PP (W+ solutions) ?’J‘r‘*— = i) 3 3 Goncalves et al.
o LHCb pp (W- solutions) Y? w-yﬂf o 25 — IP-SAT+GLC
102F T e :
o @»ﬁ _____ CCT . 2 IIM+BG
: ( TR JMRT NLO : 1 5 Cepila et al.
L o < - STARLIGHT param. 4 . = GG-hs+BG
Ll g % NLO BFKL 1 1 G-hs+8G
JH” CGC (IP-Sat, b-CGC) | 0.5 Maintysaari et al.
L 1 1 1 L 1 11 l L 1 L 1 1 1 Lok l
" 1 PR R ' 1 1
20 30 4050 10° 2x102 10° 00 | > 3 4 5 IS sGLC
WA/p (GeV) y === 10 fluct. +GLC
for LHCb measurements in pp

at 13 TeV see LHCb-CONF-2016-007
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Summary and outlook

High-energy heavy-ion experiments:
- impressive amount of new data (only a part can fit in this talk)
- clarifying the parton nature of QGP through:
- different probes

- study of small systems

More to come:

- Enhanced LHC luminosity in RUN IlI

inner Time Projection Chamber endcap Time-Of-Flight

-
- Detector upgrades RPN ¢

- Beam Energy Scan phase Il at RHIC

- New facilities and experiments (FAIR - NICA) My

ALICE Experiment

Letter of Intent

Parallel sessions:
Talk on ALICE upgrades by |. Ravasenga
Talk on physics with CBM exp. At FAIR by M. Zyzak a.
Talks on NICA project and h.i. accellerators by A. Sidorin
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Radial flow
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“Blast-Wave” fits to hadron spectra

» pyspectra become harder
for central collisions

+ model of radial expansion

< 0.2

G018
20,16
0.14
012
0.
0.08
0.06
0.04

Global Blast-Wave fit to
1 (0.5-1 Gellc), K (0.2-1.5 GeVic) , p (0.3-3.0 GeW/c)

s ALICE Preliminary, pp, s =7 TeV
= ALICE, p-Pb, Vs = 5.02 TeV
+ ALICE, Pb-Pb, |5, =2.76 TeV

+ ALICE Preliminary, Pb-Pb, \'s,,,, = 5.02 TeV
T

|||I||I||IJI|II.I||ILJI|I|.II||I.II

5

I|II||I|||IIII|II|I|III|I
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RN

mass dependence - Kinetic parameters
Tiin- Kinetic freeze-out temperature
— By: radial flow velocity

- Run2(5.02 TeV)

— ~ 2/3 c (largest B; ever observed)



Baryon to meson ratio

» Consequence of radial flow: protons
are pushed to a higher momentum

p/m ratio as a function of p; in pp, p-Pb and Pb-Pb
| "1 ALICE Pb-Pb {5, =276 TaV
== 0-5%, :iNTu,,mu: =E

f-h Illllll 1 1 IIlllll LA ]
= - ALICE Preliminary pp Vs =7 TeV ALICE p-lPh VS = 5.02 TeV
+ 1‘_ F—=—] voM Class |, dN_ /dn ﬁ —— o0-5%, AN fdy) m
"]'_a_ - [==—] VOM Class X, dN_/di: ] —=—] 60-80%, dN_fdiL = 0.8 = s0-80%, (dN_ /dh)
: i (VOM Multiplicity Classes) (VOA Mult. Classes - Pb side)
© 0.8
+ -
o [ pPp , p-Pb Pb-Pb
=~ 0.6F Mid p;
L i::i 'i‘ i
" I Il | Ll I e L1
1 10 1

P, (GeV/e)

Comparison of high to low multiplicity events in pp and p-Pb,
the same trend is seen in Pb-Pb



Checking geometry; vo + v3

Elegant idea: vary geometry by changing shape of colliding nuclei

t=10fm/c t=17fmfc t=32fmfc t=45fm/c PHENIX, arXiv:1805.02973
. e el e s bl =
i P+AU 030 §&
z
E o g 0 2 T T T T T I: 1 "t | | I I I I | 1 I
=28 025 § 0.18Fp+Au Y3, =200 GeV 0-5% (@) - do+Au |, =200 GeV 0-5% {b) &+ “He+Au {5,,= 200 GeV O-6% (o) |
:; E 0.16 - v, Data £
3 & ' 4= v, Data
6
e 0.20 0.14 B son
E g 0.12F & 4 v, iEBEVISHNU
=2 0.15 <~ 0.1
3 0.08

y [fm]

hhRONAE®

q ey .

H - L L. = T A S I E
1 156 2 25 3 05 1 15 2 25 3 05 1 15 2 2
0.00 p,(GeVic) p,(GeVic) p,(GeVic)

leoss H
5 3

642024 6-6-4-2024 6 -6-4-2024 B -B-4-202 4 6
x [fr] x [fm] x [fm] x [frm]

On top of this: fluctuations, orientation
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D meson reconstruction

Fully reconstructed in hadronic decays

Topological selection of secondary vertexes and
invariant mass analysis

Analysis with detailed study of combinatorial-
background inv. mass shape and without vertex
reconstruction for DO (best results for p; < 1 GeV/c)

Mass
(GeV/c?) cT (um) Decay BR (%)
DO 1.865 123 K- m* 3.93
D+ 1.870 312 K- 9.46
D™ 2.010 - DOK-m)m~ 677 x3.93
D.” 1.968 150 OK K*) 2.27

Counts par 8§ Me\V/c®

T+

Secondary vertex

¢ O

Primary vertex

T+

Frofr e
E ALICE Preliminary
E pPb, {5, =502 TeV

g ."1
3 £
]

3 [
5 a
3 B

F Si3e)= 11827 =238

E o= (1.0 £0.3) Mevic’

W= {18678 + 0,0003) GeVic’

o' 5K 3
and charga conj,

2<p <3 GeVic

ST PR T R
175 18 185 19 1485 2
M, (GeVic¥)
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Charmed baryons

— 3 T T T T T T T T T T T T T T 3
IOD L l l l i |l = Ko: three quark (0-5%) J
<::+ - Au+AU, \'S_NN =200 GeV, 3 < p, < 6 GeVlc | | =«Ko: di-quark, (0-5%) |
Q | =: Greco (0-20%) L
::.(3 | mALICE. p+p, Vs=7TeV, 3 <p_<4 GeVic | PYTHIA STAR Preliminary |
$ ol 4 Au+Au, |s,, = 200 GeV |
*g L i 10-80% i
1 + | _ 1 A _"\.‘,\+ |
L * J ..o~ T~ RS + J
L 4 e %"\.\ 4
I STAR Preliminary 1 el 1
O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | | | N | |
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0 C . | ’
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< L i
2r o pp, s =7TeV, |yl<0.5 (arXiv:1712.09581) ]
~ 1 w
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- 4 ~
B N
= 1o
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R 1 o
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0 5
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A, production enhanced in
heavy-ion collisions w.r.t. pp
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Events / (.15

Ultra-Peripheral Collisions

Experimental aspects

40

E
Z.e —
AN PUNVY,
AN PUVV
V~C & forward

LHCB-CONF-2018-003
- LHCb El’relimilmr}' I I : oata g
50 Pb-Pb y’m= 5TeV } s INCNEENTE00-O0WT ]
= ROA-TESOMRENT :
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