
BOSE-EINSTEIN CORRELATIONS OF CHARGED
HADRONS IN PP COLLISIONS AT 13 TEV

CESAR A. BERNARDES — CESAR.AUGUSTO.BERNARDES@CERN.CH,
for the CMS COLLABORATION
São Paulo State University (UNESP)

OVERVIEW
Bose-Einstein correlations (BEC) are useful tools to probe the size and shape of the particle emitting region in high-energy collisions. Measure-
ments of the one-dimensional correlation function using three different techniques are presented for minimum-bias (MB) and high-multiplicity
(HM) events in proton-proton collisions at

√
s = 13 TeV, collected with the CMS detector. The MB range in this analysis covers track multiplicities

up to 80, and HM above that. Comparisons with previous measurements at
√

s = 7 TeV and theoretical predictions are also discussed.

BEC CONCEPT
Observed as an enhancement in the low relative momentum

(qinv) region, BEC are a quantum statistical effect involving identical
bosons with similar kinematics, emitted from the system formed in the
collision.
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Experimental correlation function (single ratio, SR)

SR ≡ S(qinv)

B(qinv)
.

S(qinv): normalized qinv distribution of same-sign charged par-
ticle pairs from the same event (contains BEC)
B(qinv): similar to S , but with pairs from different events (mixing
technique, no BEC)
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Correlation function parameterization for fits

CBE(qinv) = C
[
1 + λe−qinvRinv

]
(1 + εqinv)

λ: intercept parameter
Rinv: length of homogeneity
ε: long-range term

ANALYSIS TECHNIQUES
Double ratios (DR): data SR divided by Monte Carlo (MC) simu-
lation SR (MC using Pythia 6 Z2∗ tune, without BEC effects) [2]
Cluster subtraction (CS): background contribution to SR esti-
mated with data SR from same event opposite-sign pairs [2]
Hybrid cluster subtraction (HCS): similar to CS, but background
estimated using convertion factors (opposite-sign to same-sign)
from MC simulations [3]
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Larger non-BEC con-
tribution (mainly reso-
nances and jets) for
lower track multiplici-
ties.
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Wider SR distribution
for lower track multipli
city (BEC peak), imply-
ing lower Rinv.

Figure 1: Single ratios with fits for same- and opposite-sign track
pairs in MC (top row) and data (bottom row). The “background”
corresponds to the non-BEC estimate from HCS method [4].
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Results compatible
among the three
methods: Rinv increa-
ses with multiplicity
(left) and decreases
with kT (right).

Figure 2: Rinv as a function of charged particle multiplicity (left)
and kT = 1

2 |~kT,1 +~kT,2| (right) for the three methods [4].
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(Left) Dependence of
Rinv on N1/3

tracks: linear
rise or linear+constant.
(Right) Similar shape
as from CGC pre-
dictions at 7 TeV [5].

Figure 3: Rinv as function of N1/3
tracks (left) and (dNtracks/dη)1/3

(right) [4].
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(Left) Values of Rinv
compatible with ATLAS
results at

√
s = 7 TeV;

(Right) 1/R2
inv vs mT

(hydro): larger slope
in MB as compared to
HM.

Figure 4: (Left) Comparison with ATLAS measurements [6] using
proton-proton collisions at 7 TeV. (Right) 1/R2

inv dependence on

mT =
√

m2
π + k2

T for MB and HM ranges [4].
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