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Method

Correlation coe�cient

Calculation of the correlation

coe�cient bAB
1 Linear regression

〈A〉B = a+ bABB

2 Correlation formula

bAB = 〈AB〉−〈A〉〈B〉
〈A〉−〈A〉2

A and B can be any observables
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Method

Windows con�guration

Forward and Backward windows

are picked in (η, φ)

b is calculated for each

con�guration and plotted as a

function of (φsep, ηsep)

Dmitry Neverov (SPbSU) BE e�ects in NN and QQ correlations ISHEPP 2014 5 / 21



Method

Nch : Nch correlation coe�cient topology
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Pythia

Pythia

Pythia is a Monte-carlo program simulating pp and ee collisions at energies

larger than 10GeV

It is widely used and thus is well tuned to the modern data

Allows investigation of the in�uence of various key processes like

multiparton interactions, color reconnection, etc. on di�erent observables

since you can turn them o�

Setup used:

PYTHIA 8.186, Monash 2013 tune, pp, 7TeV

SoftQCD:NonDi�ractive=on

HadronLevel:BoseEinstein=on

2.5mln events
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Pythia

Bose-Einstein e�ects

The BoseEinstein class performs shifts of momenta of identical particles to

provide a crude estimate of Bose-Einstein e�ects.

Results in an enhancement in the correlation function of identical particles

by a factor of:

f2(Q) = (1+λ∗exp[−Q2R2])(1+α∗λ∗exp[−Q2R2/9])(1−exp[−Q2R2/4])

Q2 = (p1 + p2)
2 − (m1 +m2)

2

λ- BE e�ect strength, default λ = 1

R = 1/Qref - e�ective radius, default Qref = 0.2

First factor pulls particles closer conserving three-momentum,

Second pushes more particles apart (α < 0) to restore energy conservation,

Third ensures f2(0) = (1+ λ)

L. Lönnblad, T. Sjöstrand, �Modelling Bose-Einstein correlations at LEP 2�, 1997,
arXiv:hep-ph/9711460
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Multiplicity correlations
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Multiplicity correlations

N+N- correlation coe�cient topology

BE o� BE on
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Multiplicity correlations

N+N- correlation coe�cient topology

BE on

BE o�

Slice at φsep = 0
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Multiplicity correlations

N+N+ correlation coe�cient topology

BE o� BE on
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Multiplicity correlations

N+N+ correlation coe�cient topology

BE on

BE o�

Slice at φsep = 0
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Net-charge correlations
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Net-charge correlations

Why net-charge

Q = N+ − N−
〈Q〉 = 0

D ∼
〈
Q2

〉
− 〈Q〉2

Strongly depend on state of the

matter, when particles are

produced

Experimental net-charge �uctuations vs

QGP and hadron gas predictions

B. Abelev et al. (ALICE Collaboration), Net-charge �uctuations in Pb- Pb collisions at√
SNN = 2.76 TeV, Phys. Rev. Lett. 110 (2013) 152301, [1207.6068 [nucl-ex]]
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Net-charge correlations

Connection of bQQ with bNN

bQQ =
〈QBQF 〉 − 〈QB〉 〈QF 〉
〈Q2

F 〉 − 〈QF 〉2
=
〈(pB −mB)(pF −mF )〉 − 〈pB −mB〉 〈pF −mF 〉

〈(pF −mF )2〉 − 〈pF −mF 〉2
=

=
2Cov(pF , pB)− 2Cov(pF ,mB)

2D(pF )− 2Cov(pF ,mB)
= (bF−B

N+N+ − bF−B
N+N−)

1

1− bF−F
N+N−

If bF−FN+N−is small,

Q Q correlation is generally the di�erence between N+N+ and N+N-

And bF−FN+N− ≈ 0.05.
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Net-charge correlations

QQ correlation coe�cient topology

BE o� BE on
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Net-charge correlations

QQ correlation coe�cient topology

bQQ ≈ (bN+N+ − bN+N−), hence the bump
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Net-charge correlations

Conclusions

E�ects of Bose-Einstein statistics has a signi�cant in�uence on

net-charge correlations in short-range region

Di�erence in the behavior of correlation coe�cient for like- and

unlike-sign multiplicity results in a bump in net-charge correlations
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