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We report the first measurement of charged kaon Bose–Einstein corre-
lations produced by 600 GeV/c Σ−, π− and 540 GeV/c p beams in the
SELEX experiment. The SELEX (E781) experiment at Fermilab is a fixed
target three–stage magnetic spectrometer designed for study hadroproduc-
tion at high acceptance for forward interactions (xF ≥ 0.1).

One–dimensional charged kaon correlation functions were obtained for
all three beams and three pair transverse momentum ranges. The femto-
scopic parameters for the radii and correlation strength of the kaon source
were extracted. The fit results show the decrease of the emission source
radii with the increase of the pair transverse momentum.

1. Introduction

A measurement of the two-particle correlations at small relative mo-
mentum (also known as correlation femtoscopy) allows to measure spatio-
temporal parameters of the particle-emitting source [1–4]. Previously cor-
relation femtoscopy studies were performed for lepton-lepton [5], lepton-
and hadron-hadron [6], and heavy ion collisions [7]. The high-statistics
data from different experiments at powerful accelerators and development
of theoretical formalism has expanded the information extracted from cor-
relations from the original source size measurements to the extraction of
the shape, extent and dynamical timescale of the emission region. These
analyses usually study pions, however, measurements of heavier particles
can complete the extracted information.
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In this paper, the preliminary results of study of pair transverse momen-
tum dependencies of charged kaons emission source parameters for different
initial state conditions in the SELEX experiment will be presented.

2. Data analysis

In this proceedings the most important features of the experimental
setup used in current analysis will be listed. The detailed description of
the SELEX experiment can be found elsewhere [8]. SELEX (E781) is a
three-stage magnetic spectrometer, designed for hadroproduction study at
forward interactions (xF ≥ 0.1). The negatively charged 600 GeV/c beam
contains approximately equal fractions of Σ and π, meanwhile the posi-
tively charged beam contains 92% of protons and 8% of π. Beam particle
was identified as a meson or a baryon by a transition radiation detector.
Interactions were happen in a composite target (2 Cu and 3 C separated by
1.5 cm one by another), wich total thickness equals to 5% of an interaction
length for protons. Downstream of the target 20 planes of vertex silicon
strip detectors with about 5 µm space resolution were placed. A particle
momentum was measured by deflection of the track position by two mag-
nets M1 and M2 in a system of proportional wired chambers and silicon
strip detectors. Momentum resolution of a typical 100 GeV/c track was
σp/p ≈ 0.5%. Charged particle identification was performed with a Ring
Imaging Cherenkov detector (RICH) [9], which separated kaons from pi-
ons in a wide momentum range up to 165 GeV/c. In current analysis we
used only particles with momentum from 45 to 165 GeV/c, identified by the
RICH detector as kaons, and distance of closest approach to the primary
vertex less than 20 µm [10].

3. Correlation functions

Identified kaons from the same event were combined to the pairs in order
to form the signal distribution A(Q) of relative momentum:

Q =
√

(~p1 − ~p2)2 − (E1 − E2)2, (1)

where ~p1, E1 and ~p2, E2 are momentum and energy of the first and the sec-
ond particle respectively. Pairs combined from different events were used in
order to construct uncorrelated background distribution B(Q) (also known
as an event mixing technique). A correlation function is defined as a ratio:

C2(Q) =
A(Q)

B(Q)
· D(Q), (2)



where D(Q) is so-called correlation baseline that describes all non-femto-
scopic correlations, for instance, the correlations caused by the momentum-
energy conservation [11]. In the simplest case non-femtoscopic effects can
be parameterized by a 2nd order polynomial:

D(Q) = 1 + aQ + bQ2. (3)

The correlation function of identical spinless bosons should increase at small
relative momentum except for very small values where Coulomb interaction
becomes dominant. In order to extract the size of the emission region one
can use a Gaussian form:

C2(Q) = N(1 − λ + K(Q)(λe−R2Q2

)) · D(Q), (4)

where N is a normalization parameter, λ – shows the fraction of particles
emitted independently, R – radii of the emission source, and the factor
K(Q) is the Coulomb function [12, 13]. For the estimation of the baseline
without Bose–Einstein correlations and final state interactions the Monte
Carlo event generator PYTHIA-6.4.27 [15] with the Perugia 2011 tune [16]
was used.

Current analysis was performed for Σ−, π− and p beam types, and for
three pair transverse momentum ranges kT : (0–0.3), (0.3–0.55), (0.55–0.85)
GeV/c. Here the transverse momentum of a pair is defined as:

kT = | ~pT1 + ~pT2|/2, (5)

where ~pT1 and ~pT2 are transverse momenta of the first and the second
particle respectively.

Fig. 1 shows a comparison between experimental correlation functions
and correlation functions obtained from the Pythia event generator using
Perugia 2011 tune (blue open circles). It becomes clear, that simulated
correlation functions (baseline) reproduce experimental for each beam type
and kT region, i.e. they describe all long-range correlations.

Due to the fact that Pythia does not contain Bose-Einstein correlations
and final state interactions, but describes non-femtoscopic effects, it is nec-
essary to correct experimental distributions on the simulated correlation
functions. Fig. 2 represents the correlation functions obtained with this
correction. Correlation functions were fitted by Eq. 4, where the Coulomb
function K(Q) was integrated over a spherical source of 1 fm.

Fig. 3 shows the source radii dependencies on pair transverse momentum
kT . The source radii decreases with kT for all beam types. It can be also
seen that the source radii is less for the meson than for the baryon beams.

The decrease of the source radii with kT was previously measured in
heavy ion collisions and interpreted as a collective hydrodynamic expansion
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Fig. 1: Comparison of experimental and simulated correlation functions ob-
tained for three kT bins: (0–0.3), (0.3–0.55), (0.55–0.85) [GeV/c]. From top
to bottom rows represent Σ−, π− and p beams respectively. Solid circles
show experimental correlation functions, open circles represent baselines
obtained from Pythia.
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Fig. 2: Correlation functions obtained after the correction on baselines for
three kT bins: (0–0.3), (0.3–0.55), (0.55–0.85) [GeV/c]. From top to bottom
rows represent Σ−, π− and p beams respectively.
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Fig. 3: kT dependencies of the emission source radii. Red circles, magenta
squares and blue triangles show the source radii obtained for Σ−, π− and p
beams respectively.



of the created matter [7, 17]. The similar behavior was observed for pp
collisions at RHIC and LHC, but it still lacks a firm interpretation for the
events with low multiplicities. At high multiplicities hydrodynamic phase
contribution is becoming more significant role and the experimental data
have a better description by theory.

4. Summary

Charged kaons correlations at small relative momentum have been mea-
sured in the SELEX experiment for Σ−, π− and p beams and three kT

regions. The emission source radii parameters have been extracted. The
decrease of the source radii for all beam types with the pair transverse
momentum kT has been observed.
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