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Two-pion interferometry provides access to the spatial and temporal size,5

shape, and evolution of the sources created in heavy ion collisions, offering6

strong constraints for theoretical models. In these proceedings, we will re-7

port the measurement of correlation strength (λ) and femtoscopic radii (Rout,8

Rside, Rlong, R2
out−long) extracted from the two-pion correlation function in9

Au+Au collisions at
√
sNN = 3, 3.2, 3.5, and 3.9 GeV. The dependences of10

these parameters on pair transverse momentum, pair rapidity, collision cen-11

trality, and collision energy will be presented, and their physics implications12

will be discussed.13

PACS: 25.75.Gz, 25.75.Nq14

INTRODUCTION15

The correlation femtoscopy technique can be used to extract informa-16

tion about the space-time evolution of the particle-emitting sources in heavy17

ion collisions [1]. Hence, such measurements offer robust constraints for the18

models of heavy ion collisions. The Solenoidal Tracker At RHIC (STAR)19

experiment at the Relativistic Heavy Ion Collider (RHIC) has studied pion20

femtoscopic correlations in Au+Au collisions over a broad energy range dur-21

ing the Beam Energy Scan (BES) I program [2]. In the BES-II program, the22

Fixed-Target (FXT) mode [3] at STAR has extented the feasible collision23

energies at RHIC below
√
sNN = 7.7 GeV.24

In these proceedings, we present the preliminary results of femtoscopic25

measurements of pairs of identical pions in Au+Au collisions at
√
sNN = 3,26

3.2, 3.5, and 3.9 GeV, which were collected by the STAR experiment during27

the FXT program.28
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ANALYSIS METHOD29

Experimentally, the two-particle correlation functions can be measured30

by the following ratio:31

C(q) =
N(q)
D(q)

(1)

where q ≡ p1 − p2 is the relative momenta of the first (p1) and the second32

(p2) particles from a pair . The numerator distribution (N(q)) is constructed33

from pairs in which both constituent tracks are from the same event, while the34

denominator distribution (D(q)) is constructed from pairs formed from tracks35

coming from different events. For the case of pion correlation femtoscopy,36

while both N(q) and D(q) encapsulate two-particle phase-space information,37

the N(q) contains additional contributions from Bose-Einstein correlations38

and Coulomb interactions.39

To mitigate the two-track detector effects on measured correlation func-40

tions, specific pair selection criteria are implemented. The two-track detector41

effects are track splitting, when one track is reconstructed as two distinct42

tracks, and track merging, when only one track is reconstructed out of two43

closely emitted particles. These pair selection criteria are applied equally for44

both N(q) and D(q).45

Particles forming the pair are boosted to the longitudinal comoving sys-46

tem (LCMS), where the longitudinal components of their momenta cancel47

each other, pz,1 + pz,2 = 0. The pair relative momentum is then decom-48

posed into Bertsch-Pratt [4, 5] “out-side-long” coordinate system. In this49

system, the “out” direction (qout) lies along the pair transverse momentum,50

kT ≡ (pT,1+pT,2)/2, “long” direction (qlong) is parallel to the beam axis, and51

“side” direction (qside) is perpendicular to the other two.52

The Bowler-Sinyukov [6, 7] procedure is used to fit and extract the fem-53

toscopic parameters:54

C(q) = N [(1− λ) + λKCoul(qinv)G(q)] (2)

where55

G(q) = 1 + exp(−q2outR
2
out − q2sideR

2
side − q2longR

2
long − 2qoutqlongR

2
out−long) (3)

is the quantum-statistical part of the correlation function, assuming a Gaus-56

sian form of the particle-emitting sources. N is the normalization factor, λ57

is the correlation strenth, KCoul is the Coulomb correction factor. Femto-58

scopic radii: Rout, Rside, Rlong give the length of homogeneity regions in the59

“out”, “side”, and “long” directions, respectively. R2
out−long is the off-diagonal60

element describing the twist of the two-dimentional correlation functions in61

the “out-long” plane. For a symmetric acceptance w.r.t. midrapidity and62

azimuthal-integrated femtoscopy analysis, the correlation functions are sym-63

metric w.r.t qout and qlong axes, hence, R2
out−long should be consistent with64

zero. This usually applies for collider experiments.65
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RESULTS AND DISCUSSIONS66

The results of the fitting procedure is demonstrated in Fig. 1 for midra-74

pidity pions with −0.5 < ysingle < 0 and 0.15 < kT < 0.25 GeV/c from 0-10%75

central Au+Au collisions. The upper row of Fig. 1 shows the projections of76

the correlation functions onto qout, qside, qlong axes. For each projection, the77

other components of q are integrated over the range of ±35 MeV/c. The78

lower row of Fig. 1 depicts the comparison of correlation functions between79

positively and negatively charged pion pairs. A difference of a few percent-80

age is observed in the correlation functions between positively and negatively81

charged pion pairs.
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Fig. 1. Top row: Projections of the correlation functions in the LCMS frame
onto the qout, qside, and qlong axes for π+π+ (circles) and π−π− (triangles) pairs for
0.15 < kT < 0.25 GeV/c from 0-10% central Au+Au collisions at

√
sNN = 3.2 GeV.

The curves show the projections of the 3-dimentional fit to the correlation functions.
Bottom row: The ratio of the correlation functions between π+π+ and π−π− pairs.
Errors are statistical only.
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Fig. 2 shows the dependence of extracted femtoscopic parameters on the89

pair transverse momentum of pions with −0.5 < ysingle < 0 in Au+Au colli-90

sions at
√
sNN = 3.2 GeV. The Rout, Rside, Rlong radii decrease from central to91

peripheral collisions reflecting changes in geometry of the overlapping area of92

the collisions. The decrease of radii as kT increasing is also evident and can93

be attributed to the radial flow resulting from the hydrodynamical expan-94

sion of the emitting source. The extracted cross term R2
out−long is non-zero95

across all collision centralities and kT due to the asymmetrical acceptance96

with respect to midrapidity.97

The collision energy dependence of femtoscopic parameters is presented102

in Fig. 3. To compare with other experiments, pions at midrapidity (−0.5 <103

ysingle < 0) and 0.15 < kT < 0.25 GeV/c in 0-10% central Au+Au collisions104

are selected. The statistical and systematical uncertainties were added in105

quadrature. For discussions about variations in centrality, kT, and analysis106

techniques between published results, see Ref. [2, 8] and references therein.107

For STAR published results at
√
sNN = 7.7–200 GeV from Ref. [2], only108
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Fig. 2. Pair transverse momentum dependence of extracted femtoscopic parameters
for 0-10% (circles), 10-30% (squares), 30-50% (triangles) centrality classes from
Au+Au collisions at

√
sNN = 3.2 GeV. Pairs are formed from pions with −0.5 <

ysingle < 0. Results for π−π− and π+π+ are shown by open and closed markers,
respectively. Shaded boxes denote systematic uncertainties.
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Fig. 3. Collision energy dependence of extracted femtoscopic parameters of midra-
pidity pions and ⟨kT⟩ ≈ 0.2 GeV/c in Au+Au, Pb+Pb, and Pb+Au central colli-
sions.
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statistical uncertainty was plotted. The extracted pion femtoscopic radii109

of the current analysis favour the global trend established by HADES [8]110
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and previously published results by STAR at higher energies [2, 3]. A slight111

decrease of Rside and increase of Rlong with increasing collision energy are112

observed as the emitting source evolves from oblate to prolate.113

Fig. 4 depicts the acceptance of pion pairs at
√
sNN = 3–3.9 GeV mea-117

sured by the STAR experiment during the FXT program. The acceptance is118

plotted as two-dimensional distributions of pair transverse momentum and119

pair rapidity in the center-of-mass (CMS) frame, yCMS
pair ≡ yc.m. − ypair. yc.m.120

and ypair are the midrapidity and pair rapidity in the laboratory frame, re-121

spectively. For each collision energy, five pair rapidity bins with 0.15 < kT <122

0.6 GeV/c were selected for the rapidity-differential analysis. It can be noted123

that the higher collision energy is, the futher yc.m. is shifted away from the124

STAR central barrel, and the more asymetric the pair acceptance is w.r.t.125

midrapidity, yCMS
pair = 0.
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Fig. 4. Pair acceptance of positively (left column) and negatively (right column)
charged for

√
sNN = 3–3.9 GeV. Red rectangles denote selected windows for the

rapidty-differential analysis.
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Fig. 5 shows the pair rapidity dependence of extracted femtoscopic pa-127

rameters of pion pairs at
√
sNN = 3–3.9 GeV in the collision center-of-mass128

frame. The colored markers depict measured data points by STAR, and the129

gray markers are the mirrored data points w.r.t. midrapidity. The R2
out−long130

clearly depends on pair rapidity, weakly depends on centrality, and is consis-131

tent between positively and negatively charged pairs. The observed pair ra-132

pidity dependence of Rside, most pronounced in central collisions at
√
sNN = 3133

GeV, suggests boost invariance breaking of the emitting pion source. The134

charge splitting is observed for Rside and Rlong, which is smaller at higher135

collision energy, and in less central collisions. This effect may be attributed136

to the Coulomb interactions between the emitting source and the fireball [8].137
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Fig. 5. Pair rapidity dependence of λ, Rout, Rside, Rlong, and R2
out−long for 0-

10% (circles), 10-30% (triangles), 30-50% (squares) centrality classes from Au+Au
collisions at

√
sNN = 3.0, 3.2, 3.5, and 3.9 GeV. The closed markers are for π−π−

and the open markers for π+π+ pairs. Gray markers are mirrored data points w.r.t.
midrapidity. The systematic uncertainties are shown by boxes. The statistical
uncertainties are smaller than the marker size.
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CONCLUSION145

In these proceedings, preliminary results of pion femtoscopic correlations146

in Au+Au collisions at
√
sNN = 3, 3.2, 3.5, and 3.9 GeV from the STAR147

experiment are presented. The extracted femtoscopic parameters are stud-148

ied as functions of centrality, pair transverse momentum, pair rapidity, and149

collision energy.150

The apparent transverse momentum and centrality dependences of Rout,151

Rside, Rlong can be attributed to radial flow and collision geometry, respec-152

tively. The collision energy dependence of femtoscopic radii favour the trend153

formed by results from HADES and STAR at higher energies. A slight de-154

crease of Rside and increase of Rlong with increasing collision energy are ob-155

served as the emitting source evolves from oblate to prolate. Furthermore,156

we note a difference in the correlation function and, subsequently, in the157

extracted Rside, Rlong between positively and negatively charged pion pairs.158

This charge splitting could be due to the Coulomb interactions between the159

emitting source and the fireball. Finally, the observed dependence of Rside on160

pair rapidity implies the boost-invariance breaking of the emitting sources.161
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