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Small systems ‘

Pb-Pb

Old paradigm:
* we study hot & dense matter properties in heavy ion AA collisions
e cold nuclear matter modifications in pA
* and we use pp primarily as QCD baseline appears no longer sensible

Discovery of correlations —ridge, flow- in small systems pA & pp at high multip ;
* Smooth continuation of heavy ion phenomena to small systems g
* Small systems as pA and pp show QGP-like features 8

R(An.AQ)

Two different explanations remain today:
. initial state: quantum correlations as calculated by CGC

. final state: with (hydrodynamics) or without equilibration

We should examine a new paradigm, where the physics underlying collective signals can be the
same in all high energy reactions, from pp to central AA, depending on energy density/multiplicity
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Measuring quarkonium nuclear effects: the nuclear modification factor AA ‘

Nuclear modification factor Ry, *  Raa<1:suppression
- d*N*4/dp,dn *  Raa=1: no nuclear effects
AA = N, d2Nep/dp dn * Raa>1: enhancement
. PbPb 368/464 b, pp 28.0 pb™ (5.02 TeV) - — :
s oF |pT<3|O S CMS i erglnal mot|v§’F|on to mea§ure quarkonium
K } in nuclear collisions (AA): Signal of QGP
L/ (R 66% CL ~95% CL - Observable: Raa vs energy density
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...but the situation is by far much more complex

pp & pA

Nuclear modification factor R,
d*N*4/dp,dn

Raa<l: suppression
Raa=1: no nuclear effects
Raa>1: enhancement

R..=
AA 2
Nco// d Npp/dedT]
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...but the situation is by far much more complex pp & pA ‘

Nuclear modification factor R,, * Raa<l:suppression
r d>N44/dp;dn * Raa=1: no nuclear effects
AA = > * Raa>1: enhancement
Nco// d Npp/dedn
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...but the situation is by far much more complex PA

e

o
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1.4
. P-Pb VS = 8.16 Tev * There are other effects, not related to
1.2+ ® ALICE inclusive J/ . H H
' o LHOD prompt Jiy (VLB 774 (2017) 159) colour screening, that induce suppression
B i | of quarkonium states
0.8
i L=l * These effects are not all mutually
0.6 | . Vo .
F N nCTEQS (. Lansborg of o) T exclusive
0.4 [ EPPS16 (J. Lansberg et al.) . .
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0.2 - B e ot (P 2 ot ol AA collisions
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) e T3 o Ty o 1 23 1 5 thedistinction of these effects is not straightforward,
Yems their factorization is not easily established

Modification of the gluon flux initial-state effect *® Nuclear PDF in nuclei: nPDF shadowing
¢ Gluon saturation at low x: CGC
Parton propagation in medium initial/final effect ¢ Coherent energy loss

Quarkonium-medium interaction final-state effect *® Comover interaction/transport models
Nuclear break-up

Other QGP-like effects?
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Modification of the gluon flux: Nuclear modification of PDFs PA
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* Modification of the gluon flux initial-state effect ¢ Nuclear PDF in nuclei: nPDF shadowing

Gluon shadowing/antishadowing: Parton distribution functions are modified by the nuclear environment
= J/y suppression or enhancement as a function of the parton momentum fraction x in the nucleon

E. G. Ferreiro USC Challenges in quarkonium and exotic-state production: from small to large systems 6 31/5/2023



Modification of the gluon flux: Nuclear modification of PDFs PA
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* Modification of the gluon flux initial-state effect ¢ Nuclear PDF in nuclei: nPDF shadowing

Gluon shadowing/antishadowing: Parton distribution functions are modified by the nuclear environment

= J/y suppression or enhancement as a function of the parton momentum fraction x in the nucleon

* It can explain the suppression at forward rapidity, the effect is around 1 at backward rapidity

* Roughly agrees with quarkonium ground-state data

e Issue: results very much widespread, applicability of reweithing? Extra effect in the backward region?
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Modification of the gluon flux: Nuclear modification of PDFs PA
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* Modification of the gluon flux initial-state effect ¢ Nuclear PDF in nuclei: nPDF shadowing

Gluon shadowing/antishadowing: Parton distribution functions are modified by the nuclear environment

= Y(1S) suppression or enhancement as a function of the parton momentum fraction x in the nucleon

* It can explain the suppression at forward rapidity, the effect is around 1 at backward rapidity

* Roughly agrees with quarkonium ground-state data

e Issue: results very much widespread, applicability of reweithing? Extra effect in the backward region?
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Modification of the gluon flux: Gluon saturation PA
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* Modification of the gluon flux initial-state effect ¢ Gluon saturation at low x: CGC

Gluon saturation: Result of gluon recombination at small xat LHC =~ @2, = 43 x0.2x (ﬂzc_o)A 20:0';0*10-3

= J/y suppression at forward rapidity (this effect does not apply in the backward rapidity region)

 CEM with improved geometry Ducloue et al

 NRQCD: results depend on the CO channel mix, contribution of CS channel relatively small venugopalan et al

* Issue: Results can vary depending of the production mechanism Shadowing & CGC are mutually exclusive
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Parton propagation in medium: Coherent energy loss
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Parton propagation in medium initial/final effect  +
Nuclear transverse momentum broadening of the heavy quark pair

Coherent energy loss

induces coherent gluon radiation => J/y & Y(1S) yield modification
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Roughly agrees with quarkonium ground-state data

Issue: Imposible to discriminate from nPDF modification
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Final state effects

PA
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Comover interaction & transport models

J/y shows stronger suppression at forward rapidity while compatible with 1 at backward rapidity.

y(2S) shows similar suppression in both intervals

E. G. Ferreiro USC

Cannot be described by only initial state effects

The pattern is consistent with initial- and final-state effect models

Inclusion of final-state effects give a good description for both states

Challenges in quarkonium and exotic-state production: from small to large systems
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Distinguishing initial from final state effects: the excited states PA

Data from RHIC & LHC
* Relative y(2S)/J/y suppression in dAu collisions @ 200 GeV (PHENIX)
* Relative y(2S)/J/y suppression in pPb collisions @ 5 & 8 TeV (ALICE & LHCB)
» Relative y(2S)/J/yw suppression in pPb collisions @ 5 TeV (CMS & ATLAS)
* Relative Y(nS)/Y(1S) suppression in pPb collisions @ 5 TeV & 8TeV (CMS & ATLAS & LHCB)

* Initial-state effects —-modification of nPDFs / coherent E loss- identical for the family

* Any difference among the states should be due to final-state effect

* Atlow E:the relative suppression can be explained by nuclear absorption Gyreakup & Pmeson
At high E: too long formation times t;= y 7;>> R => the quantum state does not matter!

A natural explanation would be a final-state effect acting over sufficiently long time
=> interaction with a comoving medium through a transport equation
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Excited states: Comover interaction

PA

* In a comover model: suppression from scatterings of the nascent Q with comoving medium

of partonic/hadronic origin

E. G. Ferreiro USC

Gavin, Vogt, Capella, Armesto, EGF, Tywoniuk...

* Rate equation governing the charmonium density: * Going to a microscopic level:
d lp E‘Q n E%O = T‘-TQQ
p CO co co—Qpcoy _ _Q _ thr . =2Mgp - Mo
dT (b S, y) I/Jp (b’ S’y> pq)(bi Sry) g (E ) Tgeo X 1 Fco Eil?: N gy o
P(E°°; Tor) Bose Einstein distr.
o0 —
- . . dE® P(E®; Tug) 0~ 2(E<
o ¥ originally fitted from SPS data (%) (Tog, m) = Jo - (B Terr) (%)
fo dE P(E®; Tog)
EC T S e
Q 1.4'_ B ALICE, inclusive JApand y(2S) E E\*l 8 ;_ LHCb _+_LHCb E E ::S\-l 8 ;_ LHCb _+_LHCb E
? 12F ) S16f Dcomovers E ? £1.6F Dcomovers ]
e v o S S14FT(28)/7(18) 1 S 514E7(38)/7(19) ;
SO =1af 3 Saaf =
Q 0.8E 1F 1F
= 0% 0.8 1 osf
R 0.6F E 0.6F :
0.2;_ ® PHENIX, inclusive JApand y(2S) 0'4;_ p <95 GeVe _; 0‘4; p 95 GeVe _;
0 e e 0 12 14 16 18 4 2 0 2 4 0(2)— L SNN—8 16TeV 0(2)_ L M 816TeV
. . T P . . ] . -4 -2 0 2 -4 2 0 2 4
* To getrid of initial-state effects: double ratio excited-over-ground state yk yk
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Excited states: Comover interaction

PA

Transport model with final interactions Du & Rapp (2015)

”similar in spirit to comover suppression”

Hpr
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Measuring nuclear-like effects in pp: Quarkonium vs multiplicity pp

MPI can introduce collectivity => Increase of hardeness

3 200 ALI|CE - '\' - ‘1‘3' T ‘V' TR inrrEy vty o EPOS: MPI via Pomeron exchange (initial) + hydrodynamic
w L S = e i . . 1
NS |nc|usiVZpJ/w, | < 0.9, p_ integrated A7 expansion (final) hydro on/off has small effect, hadronic cascade
el ke C . T L7
~=|T> 16 SPD event selection S on/off has no effect
=|=" - -e Data » . . . .
CI2 14 pyTHIA B2 / *  PYTHIA: MPI, hard scatterings (initial) + color reconnection,
12 Prompt J/y // = string shoving (final)
:_ CPP /.; "/ \~'\ _: . . . e ey _ . . s
105 . EPOS3 (no hydro) %E/ . CGC: G.Iuon saturation (initial) => Impact on particle produccion,
gf- — 3-Pomeron CGC . c - reduction
6 — * Percolation: String saturation (initial) => Reduction on the
af- S = number of charged particle
of = Initial state effects play a fundamental role:
: =T R 11 ‘ | - ‘ 1111 l LAl I:
% 1 3 4/ 5 8
(dN_/dn)

* Saturation => Decrease on total multiplicities => Indirect
increase of the hard probe (not affected by saturation)
* Events at different energies with the same pg ., Or Qg
are identical
* The harder the probe, the stronger the difference
Multiplicity and probe measured in the same rapidity

interval (both mid rapidities)
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Measuring nuclear-like effects in pp: Quarkonium vs multiplicity
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* Events at different energies with the same pg ., Or Qg

* The harder the probe, the stronger the difference
Multiplicity and probe measured in the same rapidity

interval (both mid rapidities)
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To get rid of initial-state effects: double ratio excited-over-ground state pp

* |nitial-state effects
cancel

* Final-state effects at
play?

E. G. Ferreiro USC
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Quarkonium & HF vs multiplicity: excited states pp

» Studies of ground vs excited states can improve our understanding of the final-state effects

ATLAS-CONF-2022-023
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Work in progress: developing an in-medium potential for X(3872) AA ‘

with Nestor Armesto, Miguel Escobedo & Victor Lopez Pardo

Relation between in-medium and vacuum potential:

V. momentum or
—Vac(p) coordinate space V(r,mp) = (Viac * 8_1) (r,mp)
e(p,mp)

Vip) =

with the permittivity from HTL perturbation theory:

2 2 5(r) miemor .m 54 -
1 P . DD e~ (r,mp) = - L — i ( ;
elemo) = e T T i e (1smD) = gy o ajEr !

In-medium potential general formula:

L0V (r',0
V('r,mD):C(mD)+47T/ dr’ —é: )/ dr"r"?e~1(r" ,mp)

We use Lafferty & Rothkopf method: Generalized Gauss law
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Work in progress: developing an in-medium potential for X(3872) AA ‘

with Nestor Armesto, Miguel Escobedo & Victor Lopez Pardo

O. Philipsen et al. “Precision computation of

Usmg the vacuum pOtentlaI: hybrid static potentials in SU(3) lattice gauge

Inspired on the one of the hybrid I'T; V(h 0) - r g 4 AQT theory”. Phys Rev D, 99, 034502 (2020)
MeV
A =17.778 MeV*fm
[ Ay=1475.23 MeV . . . .
600 | A= 394742 MeV*fm? It is .p05|ble. to caIcuIatg the real.and imaginary parts of
| the in-medium potential according to the general
1800 - formula:
r aV 8 0 ’
1700% Re[V (r,mp)] = Re[C(mp)] / dr ’T)e‘mm (mpr’ 4+ 1),
, oV (r',0) y/TmpT
1600} Im[V(r,mp)] = Im[C(mp)] —/ dr’ 9 5 'QG%:;;( % % _ mDr’Q)
0 1.15

with the prescription that C'(mp) must ensure that V(r,mp) = Viae(r) up to O(mp).
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Work in progress: developing an in-medium potential for X(3872) AA ‘

with Nestor Armesto, Miguel Escobedo & Victor Lopez Pardo

2000

We obtain, for the in-medium real potential: == d=L0eV . s== Tl Ve b
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Work in progress: developing an in-medium potential for X(3872) AA ‘

with Nestor Armesto, Miguel Escobedo & Victor Lopez Pardo
For the imaginary part, we perform a regularization that allows us to obtain a general decay
¥

rate for power vacuum potentials: Vo (r,0) oc 1™ lim Im[V,,(r,mp)] wTES!
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Work in progress: developing an in-medium potential for X(3872) AA ‘

with Nestor Armesto, Miguel Escobedo & Victor Lopez Pardo

For the imaginary part, we perform a regularization that allows us to obtain a general decay

. - i
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Final remarks ‘

* Quarkonium ground states and open heavy mesons R, can be reasonably well described by initial state
effects: nPDF modifications or CGC and/or coherent energy loss

* Inorder to describe excited states R, , final state effects become mandatory: Botzmann eq to describe
the interaction with the medium, not necessarily in thermal equilibrium

* Clearly the extrapolated pA effects are significant and need to be understood for a proper interpretation
of the AA results: The effects that are at play in pA should be also taken into account in AA collisions

* Collectivity effects are also present in high-multiplicity pp collisions: initial or final effects? The
similarity between the D and J/y suggests that this behaviour is most likely related to the production
processes. Moreover, no significant energy dependence is observed, which agrees with saturation
approach

* Final effects are required to explain excited over ground state data also in pp high-multiplicity collisions

* In more general terms, if equilibrium is no longer a requirement, this naturally explain why pp data on
azimuthal correlations appears to be so similar to data obtained in AA collisions (hydro vs. non-hydro
initial-state explanation) How far can we go in this direction?
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