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Motivation: Correlations of net-conserved quantities

> Correlations between net-conserved quantities such as net-baryon (B), |0W%?Zr?§r°°r?§?/§fé§ 'zmr?em)
net-charge (C), and net-strangeness (S) number can provide valuabe & P
insights ito the QCD phase structure. Phys. Rev. C 105, 029901 (2022)
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LQCD computation in the presence of external magnetic fields showed certain combinations of susceptibilities

of B, Q, and S can be useful probe for isospin symmetry breaking.
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Eur. Phys. J. A (2021) 57:202

Centrality dependence study of the observables can probe the possible existence of a magnetic field in the
early stage of heavy-ion collisions.
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> The susceptibilities are related to the cumulants (o) of the event-by-event distribution of the associated conserved
charges.
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> Due to the limitation in detecting all baryons and strange hadrons experimentally, net-proton (p) and net-kaon (K)
are considered as proxies for the net-baryon and net-strangeness.

ohs = (BS) — (B)(S) Cro = gll, /g2 Proxies:

7bis = (QS) — (Q)S) os = Tl > Charge (Q): K, T, p
11 > Baryon (B): p

9QB = (@B) — (Q)(B) 11 /.2 > Strangeness (S): K
5 5 > Cos = UQS/US

0= )y

o = (B*) — (B

0d = (Q%) — (@) Con = 9gp/5

B = no of baryons — no of anti-baryons
S = no of strange particles — no of anti-strange particle
Q = no of pos. charged particle — no of neg. charged paritcle



Analysis details

Detectors (used in this analysis): ITS, TPC, TOF and VO

> Dataset: Pb-Pb, Vs = 5.02 TeV

Periods: LHC150 (pass2) (80 million) VO
> MC production: HIJING
Period: LHC20j6a (2 million)

Inner
Tracking
System

> Event selection:
* Trigger: KINT7 M T
° |Vzl <10cm oy, ﬁ."' E_L;_,{.F- s
 AliEventCut (with strict Pileupcut) == 2

« Centrality estimator; VOM g;”e .

i _ ) Flight Projection
> Track selection: FilterBit 96 Chamber
> Kinematic cuts: oty -

. 0.2 < p-[GeVic] < 2.0 (0.4 < p.[GeVic] < 1.6) > \e/gti(r:l/gt,io\oJrrIYOC). trigger and centrality
* |n|<0.8
* Centrality/Multiplicity: VO > |TS: tracking and vertexing.

> Pions, kaons, and protons are selected
using information from TPC and TOF.

#VOA (2.8 <n<5.1)and VOC (-3.7<n<-1.7) 5



Particle identification

Pion selection:  p.<0.5GeV/c, N =|N_|<2.0 R
p, > 0.5 GeV/c, N_(TPC+TOF) < 2.0 2102} | o102}
1E Y 15
0.98| 1 o098
H . — 0.96 F ] 0.96
Kaon selection: p, <0.5GeV/c, N =|N_.[<2.0 ool | oaal
p, > 0.5 GeV/c, N_(TPC+TOF) < 2.0 %2, e L ——
088f o xoug-sems ] 088f o Kpmyeosn ]
Proton selection: p,<0.6 GeV/c, N_=|N_|<2.0 B M
p, > 0.6 GeV/c, N_(TPC+TOF) < 2.0 P, (GeVic) P, (GeV/c)
21.04] e
& 1.02} ]
o . N: ORI
To reduce contamination from background, additional cuts are ot f
applied for each of the analysed particles: 094}
. 0093 Pb:Ph, |8y, = 5.02. TeY
> Pion: p. > 0.2 GeV/c; 0.08f Jgaspiceg<zo
086 : p-.purity.=.99. Rél 9 :
> Kaon: p. > 0.2 GeV/c; 05 1 15 2
> Proton: p.> 0.4 GeV/c p, (GeVic)



Particle identification

Pion selection. p_<0.5GeV/c, N =|N_..|<2.0 Zroaf T T ] 2
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#Similar distribution of efficiencies are obtained for the anti-particles.
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Ratios are w.r.t 0-90 % centrality class. Variation is around ~10%. Using this efficiencies, corrected number
of net-proton, net-kaon and net charge are calculated.




Efficiency correction: Method

Considering detector response to be binomial, efficiency correction of the second-order cumulants and
correlation of net-proton, net-kaon, and net-pion are calculated

C2(Q) = <Q(21,1)> - <Q(1,1)>2 +{qe.1) — (4@e2)

If mixed charges X, y have no particles in common, Phys. Rev. C 95, 064912

Cll(Qny) — <q((i)1)qg’)1)> - (qgf’)1)><qégf7)l)> Phys. Rev. C 99, 044917
If mixed charges X, y have particles in common,
Cll(Qwa) — <C](1,0,1)Q(0,1,1)> + <Q(1,1,1)> - <CI(1,1,2)> - <C](1,0,1)><Q(0,1,1)>

M a™ . M x]y; ar
Where’ Q(m,n) — Z’I,:l eLnNZ and Q(’I",S,t) o Z’L:l E,tL- NZ

a. is the charge or baryon or strangeness number that takes into account both the particle and anti particle
M is the no of p_bins

€; is the efficiency in the i p_bin calculated as a function of p_

N. is the number of particles for the i p_bin

X, y will refer to charge, kaon, proton
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.95.064912
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.044917

Uncertainties (statistical and systematic)

> Statistical error is estimated by Bootstrap sampling method, sample no = 100

Sources of systematic uncertainty | Default Variation
V., (in cm) 10 8
X*TPC/IN_ L siore 2.5 2.3
XATSIN sters 25 20

Pileup Cut 1 2
Centrality estimator VOM CL1

no PID cut 2.0 2.5 (p,K,m)
nTPCcrossedRows 70 80

Filterbit 96 768

200

100

ALICE o g
Pb-Pb, |5y, = 5.02 TeV .
0.2<p_(GeV/c)<2.0 i
[n| < 0.

AK =Ny - N

# default Lk FB768

I x2perITS<20 ¥ |no(p)| <25

% |no(n)| <25 O |no(K) <25 1

¥ perTPC <23 & IV |<8cm

;‘" PiIeupCut 2 @ NerossedrowsTPG > 80

Centrality: CLA1 —

centrality (%)

> Relative error for a given source where N is the no. of variation taken for that source is

ay e 3
< Y sourcel JN zzzl

(

Ydefault — Yi

Ydefault

:

> All the sources are considered uncorrelated and added in quadrature to obtain total systematic uncertainity



Diagonal and off-diagonal cumulants of Q, Kand p
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Efficiency corrected diagonal and off-diagonal cumulants of net-pion, net-kaon and net-proton calculated as a

function of centrality with systematic uncertainties.
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Correlations between Q, Kand p
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.100.054906

Quantities to probe magnetic field

“8‘2'5"""""""" e -
= - ALICE Preliminary Pb-Pb, {5, = 5.02TeV, [ <0.8 2 5 . I~ ALICE Preliminary Pb-Pb, {5,y = 5.02 TeV, 7] < 0.8 |
(_)d tmKp04<p (GeVic)<1.6 ¢ m K 0.2<p (GeVic)<2.0 Ori ' t MK p:04<p (GeVic)<16 ¢ m K 0.2<p (GeVic)<2.0
- —HUING p:  04<p (GeVic)<20 . ~HIJING p:  0.4<p (GeVic)<2.0
'« | — TheFIST CE (QBS): V, = 3dV/dy —HIJING i ' |~ —TheFIST GE (QBS): V, = 3dV/dy — HWING
S %4 TheFIST GCE — TheFIST CE (QBS): V. = 3dV/dy G ~ 4 TheFIST GCE — TheFIST CE (QBS): V. = 3dV/dy]
Q) 2 W& TheFIST GCE — Q - W TheFIST GCE |
Y i : o 2 | — -
m m o
- mm_.im m S— mmm—“m“"i_ G @ -
— m m W ]
1.5|gmmmmmmm:mn“" i
- Uncertainties: stat. (bars), sys. (boxes) . |- Uncertainties: stat. (bars), sys. (boxes) |
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ! L L L ] L L 1 1 1 L L ] L 1 1 | L
0 20 40 60 80 0 20 40 60 80
centrality (%) centrality (%)

> HIJING, which is based on the Lund string model with a much smaller correlation length, fails to describe
the data.

> CE predictions from the thermal model with V_= 3dV/dy and Q, B, S conservation are in good agreement

with the data.
> Slight indication of an increase as a function of centrality.

12



Quantities to probe magnetic field

S T %5155
< 16 15F L |
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¢ 1071450 4 > | + |
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> HIJING, which is based on the Lund string model with a much smaller correlation length, fails to describe
the data.

> CE predictions from the thermal model with V_= 3dV/dy and Q, B, S conservation are in good agreement
with the data.

> Slight indication of an increase as a function of centrality.
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Effect of correlation volume
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Effect of correlation volume
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Effect of correlation volume
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Energy dependence

T T
ALICE Preliminary
0.4 < P, (GeV/c) < 1.6, |n| < 0.8
¢ centrality: 0-5 % 1
%  centrality: 75-80 %

STAR Au+Au, [PRC 100, 014902] -
0.4<p (GeVic)<1.6, || <05

& centrality: 0-5 %

& centrality: 70-80 % -

L & -
vl | Lol L
10 10 10°

ISy (GeV)

> Monotonic decrease of the correlations, C_,, C
> More suppressed correlation from p0|sson|an baseline at LHC energy.

ib‘o.
o
pae)
b
Il
5 1
O
0.9
0.8

1.1

T T T
ALICE Preliminary
0.4 < P, (GeVic) <16, |7 <0.8
& centrality: 0-5 %
I  centrality: 75-80 %

L 1 L I

g
Eigalt

[B]
=xo—1

STAR Au+Au, [PRC 100, 014902]
04< Py (GeVic) <16, |n| <05
3 centrality: 0-5 %
%  centrality: 70-80 %

L 1 L I I | 1 L 1

=

10 10°
s (GeV)

QK

Nbx
x
=g
o
Il
x
OO
0.9
0.8

11

ALICE Preliminary
0.4<p_(GeVic)<16,[n <08
® centrality: 0-5 %

I  centrality: 75-80 %

L 1 L 1

& ]
A g B !

STAR Au+Au, [PRC 100, 014902]
r 04< P (GeV/c) < 1.6, |n] < 0.5

- © centrality: 0-5 %

L 1 L 1 I | 1 L 1

e

— E¥ centrality: 70-80 %
ol L | L |

10 10°

V'sun (GeV)
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Summary

> First measurement of cross-correlations betweeen net-charge, net-kaon, and net-proton (Cp,K, Cox and CQ,p)
at LHC energies (Results are approved as preliminary in ALICE collaboration).

> The correlations, Cow Cox and Cypare suppressed compared to the Poissonian baseline and expectations
from grand-canonical ensemble calculation in the thermal model.

> HIJING model calculations overestimate the data.

> Thermal model (y.- CSM in TheFIST) calculations for the charge, baryon, and strangeness number
conservation with V_= 3dV/dy seems to describe data.

Outlook:
* Aiming paper proposal in the collaboration on December.

Analysis note: https://alice-notes.web.cern.ch/node/1425

Poster presentation:
- XXXth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions (QM2023) [3/09/2023 — 9/09/2023] at Houston, Texas, USA.

Title:Correlations of net-charge, net-kaon and net-proton in Pb-Pb collisions at Vs, = 5.02 TeV with ALICE
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Efficiency correction: Impact on results
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Cumulants using the efficiency corrected numbers of net-pion, net-kaon and net-proton are compared with
the results obtained using uncorrected numbers. B1



Track selection: Filterbit 96 cut

Standard tracks with tight DCA cut (bit 96 — 32 | 64)
SetMinN CrossedRowsTPC(70)
SetMinRatioCrossedRowsOverFindableClustersTPC(0.8)
SetMaxChi2PerClusterTPC(4)

Set AcceptKinkDaughters(kFALSE)

SetRequire TPCRefit(kTRUE)

SetRequirel TSRefit(kTRUE)
SetClusterRequirementITS(kSPD, kAny)
SetRequireSigmaToVertex(kFALSE)

Set MaxChi2PerClusterI TS(36)

SetMaxChi2 TPCConstrainedGlobal(36)
SetMaxDCAToVertexXYPtDep("0.0105+0.035/pt~1.1")
SetMaxDCAToVertexZ(2)
SetDCAToVertex2D(kFALSE)
for 64: SetClusterRequirementITS(kSPD, kNone)
for 64: SetClusterRequirementITS(kSDD, kFirst)
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Breakdown of hadronic contribution

Phys. Rev. D 101, 034506 (2020)
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Effect of resonances
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Impact of resonance decays is studied in the HIJING model

forC ., Coxand C, .

Negligible effect of resonance decays on Cp,K.

Resonance decay suppresses the correlation.
Measurement of C,, and C, are influenced by resonance

decays.
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Effect of conservation of charges in canonical ensemble
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Extracting Vc from combined Chi2
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