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Femtoscopic probes with strange particles in STAR

G. Nigmatkulov Y] (for the STAR Collaboration)
¢ National Research Nuclear University MEPhI, Moscow, 115409, Russia

Heavy-ion collisions provide information about the properties of the matter under extreme
conditions. Measurement of strangeness production properties provides important information
about the collision region evolution. The spatial and temporal characteristics of particle emission
can be extracted using femtoscopy technique. The collision energy, centrality, and transverse
mass dependence of the three-dimensional charged kaon femtoscopic radii for Au+Au collisions
in the Beam Energy Scan program is presented.

PACS: 12.38.Mh, 25.75.Nq,

1. Introduction

The first phase of Beam Energy Scan program (BES-I) performed at the BNL Rel-
ativistic Heavy Ion Collider (RHIC) in 2010, 2011 and 2014 was dedicated to study
features expected to appear in the Quantum Chromodynamics (QCD) phase diagram.
At high energies it is shown [1] that the matter formed in the collision behaves as a
hot and almost perfect fluid with low chemical potential, up, and consists of decon-
fined quarks and gluons. The phase transition from this state of matter to hadrons is
likely a rapid, smooth cross-over transition [2]. At lower energies pup becomes larger
and lattice QCD predicts [3] a first-order phase transition. The relative amounts of time
the matter spends in the different phases may imprint a signal on observables that are
sensitive to the equation of state [4]. The correlation femtoscopy technique has been
developed [5] to study space and time properties of the particle-emitting source based
on quantum statistical (QS) correlations, the properties of the final-state interactions
(FSI) [6], space-time asymmetries using unlike particles [7] and may be sensitive to the
nature of phase transition [8].

In these proceedings, we present recent femtoscopy measurements with strange par-
ticles performed by the Solenoidal Tracker At RHIC (STAR) experiment.

2. Correlation function

The correlation femtoscopy method uses a two-particle correlation function, C(q),
that experimentally can be defined as a ratio of the two-particle spectrum from the
same events, N(q), and that from the mixed events, D(q), where ¢ is the momentum

IE-mail: nigmatkulov@gmail.com; ganigmatkulov@mephi.ru
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difference between the first and second particle from the pair decomposed in the Bertsch-
Pratt coordinate system t0 Qout, Gside and giong components. The source radii are
extracted by the standard Bowler-Sinyukov method to fit the correlation functions
assuming the Gaussian shape of the correlation function:

C(q) =N [1 - A + /\K(Qinm RWL’U) (1 + eXp(_R?)utqgut - R?idquide - Rl20ngql20ng))] 7( )

1

where N is a normalization parameter, A is a correlation strength and Rout, Reides Riong
are the Gaussian source radii, and K(giny, Rinv) is @ Coulomb correction factor.

3. Kaon femtoscopy in BES

Femtoscopy is a standard method of studying space-time properties of the system
created in heavy-ion collisions IEII Usually femtoscopic analyses are performed using
charged pions as they are the most abundantly produced particles. The Au+Au
collisions at \/syy = 7.7, 11.5, 14.5, 19.6, 27, 39, 62.4, and 200 GeV during the BES-I
program make it possible to perform femtoscopic measurements with the heavier particles
— kaons. In addition to the identification via specific ionization energy loss (dE/dx) in
the Time Projection Chamber (TPC), the time-of-flight information from the Time-Of-
Flight (TOF) detector was used to identify pions and kaons. This allowed to perform
particle identification in a wide momentum range of 0.15 < p (GeV/c)< 1.45.

Figure [I] shows the STAR preliminary results on kaon femtoscopic radii from Au+Au
collisions at /syny = 200 GeV as a function of the centrality and the average pair
transverse momentum, kr = |p1 + p2|r/2, where pi and p3 are the three-momentum of
the first and second particle from pair, respectively.

o Out o Side VE 5 Long
i« STAR preliminary . STAR preliminary 5 f'STYAR preliminary
43 E . IR LRk
AER" ¥ E 1 % , E4Y 4 kK
£ g | £18 85, AR
FES ¥ = 8o Y¥e o ¢? o
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Y N r
Centrality 0-10% = A
1-Centra|it¥,1o-3p°/o ) 1 Centrality 50-80% . 1Au+Au200GevV
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Fig. 1: The Rout, Rside, and Rjong as a function of the pair transverse momentum,
kr, for positive (solid symbols) and negative (open symbols) kaon pairs for 4 centrality
ranges: 0-10% (blue symbols), 10-30% (red symbols), 30-50% (green symbols), and 50-
80% (magenta symbols). Shown results are for Au+Au collisions at \/syy = 200 GeV.
Only statistical uncertainties shown.

The analysis was performed for 4 centrality intervals, namely 0-10% (blue symbols),
10-30% (red symbols), 30-50% (green symbols) and 50-80% (magenta symbols) central



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Au+Au collisions and for 6 kr bins. The correlation functions for positive and negative
kaon pairs were constructed separately. The emitting-source radii for positive and neg-
ative kaons were found to be consistent within statistical uncertainties. The measured
charged kaon source radii follow typical centrality and pair transverse momentum depen-
dence. The system expansion and transverse flow cause the fall of R,,; and Rg;4. with
increasing k7, while the longitudinal expansion leads to the decrease of Rjong with in-
creasing kp. Same exercise, with the same results, has been performed for lower collision
energies.

Figure [2| shows a comparison of kaon (open stars) and pion (open triangles) source
radii extracted for the 0-5% (blue symbols) and 30-40% (red symbols) central Au+Au
collisions at /syn = 200 GeV. This analysis extended the previous pion femtoscopy
results \\ (solid triangles) to higher transverse mass range, my = v/m?2 + kr, where kr
is the pair transverse momentum and m is a particle rest mass, by a factor of 2 using
identification from both the TPC and TOF detectors. The R,,: values for kaons are
systematically larger than those of pions, while the Rg;4. values for kaons and pions are
comparable, and the my-dependence of Ry, is different between kaons and pions.
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Fig. 2: The comparison of the kaon (stars) and pion (triangles) source radii from Au+Au
collisions at /syny = 200 GeV in STAR. The solid triangles represent pion source radii
taken from , open symbols show femtoscopic radii for pions and kaons identified using
information from both the TPC and TOF detectors. Red and blue symbols show data

for 0-5% and 30-40% central collision, respectively. Only statistical uncertainties shown.

Figure [3| shows the /syny dependence of the pion and kaon femtoscopic radii, Rou¢
(top panel), Rg;qe (middle panel), and Rjong (bottom panel). The extracted radii for
both pions and kaons show smooth trend with increasing collision energy. The R,,; and
Rgiqe show a small increase at the RHIC energies, and are slightly larger at the LHC.
The values of Rjo,4 suggest that medium lives longer at the LHC as compared to RHIC.

4. Femtoscopy in the FXT program

In 2015 STAR conducted a fixed-target (FXT) test run using gold ion collisions at
Vsnn = 4.5 GeV to show that STAR is capable to run in a fixed-target configuration.
One beam was circulated in the collider and lowered to directly graze the edge of a 1 mm
thick (4% interaction probability) gold foil target. The target was placed at the edge
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of the TPC, about 211 cm away from the center of the detector to make use of the full
tracking volume of the TPC. Approximately 1.3 million events were collected with a
top =~ 30% centrality trigger. Figure [4| (left) shows the measured femtoscopic radii as a
function of transverse mass for 0-10% central Au+Au collisions in the fixed-target mode.

The STAR FXT results are compared with E895 and E866 (E802) and are
consistent with the energy dependence trend of these other experiments within uncer-
tainties. Figure 4| (right) shows the dependence of Rg;4., which reflects the transverse
size of the source, on Rjong that reflects the size in the longitudinal direction for several
collision energies. As the collision energy increases in the FXT regime, compression re-
duces the source size and increases the baryon density, whereas the BES collider regime
shows increasing longitudinal expansion.

5. Conclusions

In these proceedings, preliminary results from the STAR experiment on identical pion
and kaon femtoscopy from Au+Au collisions at \/syy = 7.7-200 GeV in the collider and
Vsnn = 4.5 GeV in fixed-target (FXT) modes were presented. The kaon source radii Roy:
, Rsiqge and Ryopng were extracted from the three-dimensional analysis for different collision
centralities and pair transverse momenta. The extracted source radii show centrality and
transverse pair momentum dependence typical for a collectively expanding source.
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Fig. 4: (Left) Transverse mass dependence of Ryy¢, Rside, and Rjong for pions measured
for 0-10% Au+Au collisions in STAR (red stars), E895 (black triangles) [16], and E866
(green crosses) [17]. (Right) The Rg;qe vS. Riong dependence for the E866, E895, STAR
and ALICE [14] experiments. Only statistical uncertainties shown.
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