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AnAy experimental correlation function
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Anatomy of Angular Correlations

Back-to-back jets
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Anatomy of Angular Correlations

In the heavy—-ion collisions

flow effects are expected I ‘QX‘
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AnAyp of identified particles

Looks different!!!
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ALICE Collaboration, Eur.Phys.J.C(2017)77:569
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What does it mean?

Anticorrelation in (0,0) from theory side:

Two primary hadrons with the same baryon number are separated by at
least two steps in “rank” — it's not likely to find two baryons or two
antibaryons very close to each other.
R.D. Field and R.P. Feynman, Nucl.Phys.B136(1978)131

Possible explanations:

e Different pr ranges;

e Coulomb repulsion;

e Fermi-Dirac quantum statistics;
e Strong Final-State interaction;
e Other baryons;

ALICE Collaboration, Eur.Phys.J.C(2017)77:569
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https://inspirehep.net/literature/5957
 https://doi.org/10.1140/epjc/s10052-017-5129-6

Do we understand the anticorrelation?

e Is this a common effect for all baryons?

e Correlation functions were measured also for AA and pA pairs;

o A baryons are neutral:
— NO Coulomb repulsion
o p and A are not identical:
— no effect from Fermi-Dirac QS

ALICE Preliminary, pp \s = 13 TeV
High-Mult. (0-0.072% INEL)

J.High Energ.Phys.2024,102(2024).
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https://link.springer.com/article/10.1007/JHEP09(2024)102
 https://doi.org/10.1140/epjc/s10052-017-5129-6

Mesons and baryons compared to MC models

(a) m*n pairs (b) K'K pairs (c) pp pairs
3 ALIGE pp 15 =7 TeV, jan| <13 3 PYTHIAS Monash 5
Qpsb —— PYTHIAG Perugia-0 E S,ab PHOJET 1 [SP

- .= PYTHIAS Perugia-2011

i3 1 sign | %
1.5 - S5
1%‘—-‘ i

o
o
T
L
o
o o
T
I
. o
o o

] ) T T T T T T o] T T T T T T o
T isp 3 s 3 £
g g g
2 2 2
o o0sky . , . | T o 05k | L , L T o 03]
® -1 0 1 2 3 4 T -1 0 1 3 4 T
& Ag (rad) & A (rad) &
(a) T'n* + T pairs (b) K'K" + KK pairs

L LA e, -
J13F 4+ AUCEppis=7TeV,Ani<13 PYTHIA Monash E S1afF E
o ——— PYTHIA6 Perugia-0 PHOJET j&}

12F == PYTHIAG Perugia-2011 3

1 Like

e -

0sf E

08F E . X
o Erbre e et et et st RO TV TR
R . : 4 g o) g (P
k] asmnan G — g RE
2 0sf E 2 osf E ERTap—ey 3
© ot L L L L s o gkt L L L L s 0 ppboti i7" L L L n
2590 ] 2 3 4 - ] ] 3 4 I ) ] 3 4
[:4 Ag (rad) 4 Ag (rad) [ A@ (rad)

MC models can reproduce qualitatively meson correlations, but not those of baryons
ALICE Collaboration, Eur.Phys.J.C(2017)77:569
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What more can be explored?

A new piece of the puzzle is added by exploring the behavior of
baryons-both like-sign and unlike-sign protons-across different
multiplicity classes and collision systems at LHC energies.
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Interpretation of the probability ratio

e Difficult to compare results over different
multiplicities /centralities;
o Difference in multiplicities due to a trivial scaling of 1/N
o pp, p—Pb, and Pb—Pb results show differences in multiplicities
— are not easily comparable

ALICE preliminary, pp Vs =13 TeV
o+ it, 0-20% T+ wnt, 20-40% T+ wnt, 40-70% T+ wtnt, 70-100%
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INCREASING MULTIPLICITY
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Rescaled two-particle correlation function

e How to overcome the trivial scaling 1/N?

o Use a rescaled two-particle correlation function (Cg)

Cr(Ay, Ap) = —<dNa

o Ny = Z<Cgia> is the average number of particle type produced in

the analyzed multiplicity/centrality classes;

o a is the particle type analyzed (PID);
o In pp and p—Pb analysis Cg was defined as Cc;

— Name of the correlation function finalized after pp and p—Pb approvals.
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Data samples & settings

e RUN 2 data:
o pp collisions at 13 TeV registered by ALICE in 2016, 2017 and 2018.
o p—Pb collisions at 5.02 TeV registered by ALICE in 2017.
o Pb—Pb collisions at 5.02 TeV registered by ALICE in 2015.
e Tracking:

o Inner Tracking System (ITS);
o Time Projection Chamber (TPC);

o Particle Identification:

o Time Projection Chamber (TPC);

[ Vary i o Time of Flight (TOF);

M| A w . .
S - e Kinematic cuts:

lyl <0.5;

pions : 0.2 < pr < 2.5 GeV/c;

kaons : 0.5 < pr < 2.5 GeV/c;

protons : 0.5 < pr < 2.5 GeV/c.

O O O O
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Analysis

This analysis is focused on...
e |dentified particle pairs of pions, kaons and protons;
e Probability and rescaled two-particle correlation functions;

e Different multiplicity classes analyzed for pp, and p—Pb:
o 0-20%, 20-40%, 40-70%, 70-100%

e Different centrality classes analyzed for Pb—Pb:
o 0-20%, 20-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90%
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AyAyp correlation functions

Like-sign protons

ALICE preliminary
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https://arxiv.org/abs/2403.02549
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The anticorrelation persists in pp
at 13 TeV and p—Pb at 5.02 TeV:

e It becomes stronger for higher
multiplicity classes.
[ ] CC = CR
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https://arxiv.org/abs/2403.02549

AyAyp correlation functions
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Unlike-sign protons
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e The higher the multiplicity, the
stronger the correlation;

e The annihilation phenomenon is
observed in the highest multiplicity
in p—Pb collision.

o Cc = Cr
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https://arxiv.org/abs/2403.02549

AyAyp correlation functions

Like-sign protons

ALICE Preliminary, Pb-Pb ﬂsNN =5.02TeV
pp+pPp, |y <£0.5,0.5 < p,< 2.5GeV/c

20-40% 40-50%

B B B
s 3 3
3 3 S
S 5 5
B 5
s s
S 3
S <
e The azimuthal flow effect appears at the mid centrality classes;
e The anticorrelation is stronger than the flow, and shows a clear dip in the semicentral
collisions, where the influence of the flow is the strongest.
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AyAyp correlation functions

Unlike-sign protons
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e The azimuthal flow effect appears at the mid centrality classes;
e The annihilation phenomenon is strongly observed in all centralities, even where the
influence of the flow is strong like in semicentral collisions.
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Can baryonic correlations be reproduced by
models?
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Model comparison in small systems

Like-sign protons
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The models fail to reproduce the anticorrelations in both pp and p—Pb collision systems
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Model comparison in small systems

Unlike-sign protons
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The models qualitatively reproduce the near-side region, but not the away-side.
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Model comparison in Pb—Pb

Like-sign protons

ALICE preliminary 0-20% j i 4&50‘2/5 £ ALICE data 5c;eo%
1 Pb—Pb s, = 5.02 TeV 9 I — AMPT 1
N HIJING — HUING
7N o
— N——
[ > 7
Ag (rad)
pp+Pp
ly|<0.5
~0.050 T . . — T 1 05<p_<25GeVic
__ 004 o
g oof
§ 0.02f
~ 004
2 T 0 H 3 H 3
Agp-{rad) Ag (rad) Ag (rad)

e AMPT model reproduces the data qualitatively but not quantitatively;
e HIJING fails to reproduce the data
o anisotropic flow not included in the model.
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Model comparison in Pb—Pb

Unlike-sign protons
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e AMPT model reproduces qualitatively but not quantitatively the data;
e HIJING fails to reproduce the data
o anisotropic flow not included in the model.
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pp, p—Pb, and Pb—Pb comparison
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pp, p—Pb and Pb—Pb comparison
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Comparison of pp, p—Pb and Pb—Pb collision systems at the LHC energies for all particle
types and all centralities
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Conclusion

e The study of anticorrelation across different multiplicity classes
has been conducted, revealing that the phenomenon persists and
intensifies with higher multiplicity.

e The study of the anticorrelation over different multiplicity classes
has been extended to different collision systems, showing that the
phenomenon persists even in HIC and shows stronger behavior
than expected.

e The comparison of the three collision systems suggests that the
physics in pp and p—Pb collisions are similar while differing from
those in Pb—Pb collisions, as expected.
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This analysis raises many open questions to which we currently do
not have answers. We will not address any inquiries now but
anticipate that the findings will prompt further questions. We now
look forward to insights from theorists to help address these issues.

THANK YOU!
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BACKUP-SLIDES
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Baryon correlation puzzle

e Dependence on pr

PTsum = ’ﬁT1| + |15T2| Anticorrelation

even stronger

ALICE pp \s =7 TeV, pp+pp pairs

(a) 0.5< pr< 1.25 GeV/c (b) 1.25 < pr< 2.5GeV/c

(c) projections
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ALICE Collaboration, Eur.Phys.J.C(2017)77:569
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ALICE at 13 TeV, pp data
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Rapidity correlation in e*e™

From the mechanism of jet production: Two primary hadrons with the

same baryon number are separated by at least two steps in “rank” — it’s not
likely to find two baryons or two antibaryons very close to each other.

Nucl.Phys.B136(1978)131
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Local baryon number conservation is
partially responsible for anticorrelation

Models at lower energies agree
with data: LUND 6.2
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at 29 GeV TPC/Two Gamma Collaboration, Phys.Rev.Lett. 57 (1986) 3140
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https://inspirehep.net/literature/5957
https://www.researchgate.net/publication/13255637_Study_of_baryon_correlations_in_ee-_annihilation_at_29_GeV

AyA lation functi T :
y Ay correlation functions Like-sign pions

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
T+, [y| £0.5,0.2 < p, < 2.5 GeV/c
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyA lation functi ike-sign pi
yAp correlation functions 1y i o bions

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyAyp correlation functions

Like-sign kaons

ALICE Preliminary, Pb-Pb ﬂsNN =5.02TeV
KK+K*K*, ly| £0.5, 0.5 < P, < 2.5 GeV/c
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyAyp correlation functions

Unlike-sign kaons

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyA lation functi ST
y Ay correlation functions Likesign protons

ALICE Preliminary, Pb-Pb ﬂsNN =5.02TeV
pp+pPp, |y <£0.5,0.5 < p,< 2.5GeV/c
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyAyp correlation functions

Unlike-sign protons

ALICE Preliminary, Pb-Pb ﬂsNN =5.02TeV
pp, ly/<0.5,0.5 < p,< 2.5GeV/c
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using probability ratio definition;
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AyAyp correlation functions

Like-sign pions

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
T+, [y| £0.5,0.2 < p, < 2.5 GeV/c
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using rescaled two-particle correlation function definition;
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AyAyp correlation functions

Unlike-sign pions

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
T, [y <0.5,0.2 < p <25 GeVic
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using rescaled two-particle correlation function definition;
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AyAyp correlation functions

Like-sign kaons

ALICE Preliminary, Pb-Pb ﬂsNN =5.02TeV
KK+K*K*, ly] £0.5, 0.5 < P, < 2.5 GeV/c

20-40% 40-50%

CylAg, Ay)
Caldp, Ay)
Crlag, Ay)

70-80%

Crl(Ag, Ay)
Cr(bp, Ay)
Cr(bp, Ay)

e The lower the centrality, the lower the flow effect;
e The correlations are performed using rescaled two-particle correlation function definition;
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AyAyp correlation functions

Unlike-sign kaons

ALICE Preliminary, Pb—Pb ys,, = 5.02 TeV
K'K, ly]<0.5,0.5 < p <25 GeVic
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e The lower the centrality, the lower the flow effect;
e The correlations are performed using rescaled two-particle correlation function definition;
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An overview of the meson and baryon in Pb—Pb
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An overview of the meson and baryon in Pb—Pb
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PROBABILITY ratio

Like-sign pions

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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PROBABILITY ratio
Unlike-sign pions

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Model comparison in Pb—Pb

PROBABILITY ratio

Like-sign kaons._
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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PROBABILITY ratio
Unlike-sign kaons

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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PROBABILITY ratio
Like-sign protons

Model comparison in Pb—Pb
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e AMPT model can't reproduce the anticorrelation;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Co(Ap) (data-MC) ColAp)

(data-MC)

Model comparison in Pb—Pb

PROBABILITY ratio

Unlike-sign protons
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e AMPT model can reproduce qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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PROBABILITY ratio
Like-sign pions__

Model comparison in Pb—Pb
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e AMPT model fail to reproduce the near side region;
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PROBABILITY ratio
Unlike-sign pions

Model comparison in Pb—Pb
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e AMPT model fail to reproduce the near side region;

2-4/04/2025, HIN 2025 24/24 Daniela Ruggiano — WUT



PROBABILITY ratio
Like-sign kaons._

Model comparison in Pb—Pb
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e AMPT model can reproduce the near side region;
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PROBABILITY ratio
Unlike-sign kaons

Model comparison in Pb—Pb
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e AMPT model can reproduce the near side region;
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PROBABILITY ratio
Like-sign protons

Model comparison in Pb—Pb
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e AMPT model can reproduce qualitatively well the near side region;
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PROBABILITY ratio

Model comparison in Pb—Pb : :
Unlike-sign protons
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e AMPT model can reproduce the near side region;
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Model comparison in Pb—Pb

Rescaled two-particle CF

Like-sign pions
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Rescaled two-particle CF

Unlike-sign pions‘

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Cr(rp) (data-MC) CrlAp)

(data-MC)

Rescaled two-particle CF

Like-sign kaons._

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Rescaled two-particle CF

Unlike-sign kaons

Model comparison in Pb—Pb
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e AMPT model reproduce the data qualitatively but not quantitatively;
e HIJING fail to reproduce the data
o anisotropic flow not included in the model.
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Rescaled two-particle CF

Like-sign pions__

Model comparison in Pb—Pb
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e AMPT model fail to reproduce the near side region;
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Rescaled two-particle CF

Unlike-sign pions

Model comparison in Pb—Pb
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e AMPT model fail to reproduce the near side region;
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Model comparison in Pb—Pb

Rescaled two-particle CF

Like-sign kaons

1
S
3
S
S

0-20% F

T ALICE preliminary
Pb-Pb {5, = 5.02 TeV

40-50% F F ALICE data 50-60%

(data-MC)
8
T

0.005]

Cr(ay)

—0.005(

KK+KK*
Y| <05, Ap < ’-2‘

g /\

0.5< p; < 2.5 GeV/c

data-MC,

-0.002f

o AMPT model can

2-4/04/2025, HIN 2025

Ay

24/24

0.5

reproduce qualitatively the near side region;
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Rescaled two-particle CF

Unlike-sign kaons

Model comparison in Pb—Pb
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e AMPT model can reproduce qualitatively the near side region;
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Model comparison in Pb—Pb

Like-sign protons‘
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e AMPT model reproduces qualitatively the anticorrelation but not quantitatively;
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Model comparison in Pb—Pb : :
Unlike-sign protons
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e AMPT model reproduces quite well the data
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pp, p—Pb, and Pb—Pb comparison — d /N, /dn

The dN.,/dn values were adjusted to the multiplicity/centrality classes used.

‘ collision system ‘ dNep/dn ‘
| | 0-20% | 20-40% | 40-70% \ 70-100% \
| PP | 191 | 918 | 5.1 | 2.55 |
\ | 0-20% | 20-40% | 40-70% | 70-100% \
| PPP 1 Tasss | 232 | 9.6 | 4 |
| | 0-20% | 20-40% | 40-50% | 50-60% | 60-70% | 70-80% | 80-90% |
| Pb-Pb | 1570 | 649 | 318 | 183 | 963 | 449 | 175 |

Based on the values got from literature, the closest values are:
0 0-20% in pp with 20-40% in p—Pb and 80-90% in Pb—-Pb
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pp, p—Pb and Pb—Pb comparison
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Comparison of pp, p—Pb and Pb—Pb collision system at the LHC energies for all particle
types and all centralities using probability ratio definition
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