
!!DC < 30 mr, and !!DC < 5 mr. We also remove hits
affected by EMCal cluster sharing by eliminating tracks
with hits separated by less than 8 cm at the EMCal. The
event-mixed background pairs are subjected to the same
cuts. After pair cuts, !110" 106 positive and 140" 106

negative pion pairs remain, approximately 40 times the
data sample acquired by PHENIX at

!!!!!!!!

sNN
p # 130 GeV

[13]. Remaining inefficiencies in the DC and EMCal
are small, and for these we apply a correction from a
GEANT-based [20] Monte Carlo simulation of the detector.
The multiplicity dependence is estimated by embedding
simulated pion pairs into real events. The systematic
errors from pair cuts and corrections are estimated to be
!4% for Rside and Rlong, and !8% for Rout. Systematic
errors for the Coulomb correction (discussed below) are
!2%, and we assign an additional systematic error of 1%
to each radius for the so-called residual HBT effect [21]
in the event-mixed background. All systematic errors are
determined as a function of kT and centrality.

To compare directly to previous analyses, we fit the
correlations using a standard full Coulomb correction, in
which the Coulomb correction is determined iteratively
by calculating the Coulomb wave function [6] for a 3D
Gaussian parametrization of the source using the radius
fit parameters from the previous iteration. We fit the Bose-
Einstein correlation with the full Coulomb correction
to the 1D qinv parametrization, CFC

2 $qinv% # 1& "inv "
exp$'R2

invq
2
inv%, and the 3D Bertsch-Pratt parametrization

is given by

CFC
2 #1&"exp$'R2

sideq
2
side'R2

outq2out'R2
longq

2
long%: (1)

The relative momentum q is decomposed into qside, qout,
and qlong, where the longitudinal component (qlong) is
parallel to the beam axis, the out component (qout) is
parallel to the mean transverse momentum of the pair,
kT, and the side component (qside) is perpendicular to
both qlong and qout [7,8]. Analysis is performed in the
longitudinal center-of-mass system (LCMS), where the
mean longitudinal momentum of the pair vanishes. In
this frame, the duration of particle emission couples
exclusively to qout. Cross terms may appear in Eq. (1),
but they vanish in our measurement of central collisions
at midrapidity for symmetry reasons [22].

In the core-halo model of the source many relatively
long-lived particles (e.g., #, #0) decay into pions too far
from the core to be experimentally resolved by Bose-
Einstein interference [23]. These pions also have
Coulomb interactions that are negligible. To account for
this effect, and to assess the systematic errors that arise
from making a clean distinction between the core and
halo components of the source, we perform two fits to the
correlation function using Eqs. (2) and (3):

Craw
2 # Ccore & Chalo # ("$1&G%F) & (1' "); (2)

Craw
2 # ("$1&G%F) & ($"&' ' "%F) & (1' "&'); (3)

where G corresponds to the Gaussian term in Eq. (1). In
Eq. (2) [24–26], the fit is applied to the correlation
function without Coulomb correction (Craw

2 ), and the
Coulomb correction term F is included in the fit function
itself. In Eq. (3) we introduce a new parameter, "&', to
decouple the Coulomb and Bose-Einstein fractions. This
form extends the formalism to allow for intermediate
range decay pions, such as from the !, which may con-
tribute to the Coulomb strength without being resolved in
the measured Bose-Einstein correlation [27]. "&' is de-
termined by fitting Coulomb correlation functions calcu-
lated with several Coulomb strengths, assuming the 1D
HBT radius obtained from the like-sign pion data, to the
unlike-sign correlation function in the range 0:2< kT <
2:0 GeV=c, as shown in Fig. 1(a). The test yields a value
of Coulomb strength "&' # 0:50* 0:04, where $2 of the
fit becomes minimum ($2=d:o:f: # 32:9=11).

Figures 1(b)–1(d) show fits to the %'%' correlation
functions for the full [Eq. (1)] and partial [Eq. (2)]
Coulomb corrections. Figure 2 shows the fit parameters
most affected by the strength of the Coulomb correction,
and the physically interesting ratio Rout=Rside for the full
Coulomb correction and two types of partial Coulomb
corrections. The partial Coulomb correction leads to a
reduction in " at low kT and increases in Rout and
Rout=Rside, which are most prominent at intermediate kT.
In all subsequent results, Eq. (2) is used exclusively, and
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FIG. 1. (a) The one-dimensional correlation function of
unlike-sign pions for 0:2< kT < 2:0 GeV=c. The two overlaid
histograms show calculations for the full (dashed) and the 50%
partial (solid) Coulomb corrections. (b)–(d) The three-
dimensional %'%' correlation function slices for 0:2< kT <
2:0 GeV=c and 0%–30% centrality averaged over the lowest
40 MeV=c in the orthogonal directions. The full Coulomb
corrected data (open circles) are fit to Eq. (1) (dashed lines),
and the data without Coulomb correction (filled triangles) are
fit to Eq. (2) (solid lines).
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