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Motivation

final detected < Decode space and time evolution of source at kinetic
Relativistic Heavy-Ion Collisions - ibuti
made by Chun Shen fr,l::'ze:_couf freeze-out.
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2) smaller rescattering cross-section

% Two-particle correlations are sensitive to:

1) Quantum Statistics (QS);

viscous hydrodynamics free streaming

2) Final State Interactions (FSI)
collision evolution T
t~1fm/c T ~ 10 fm/c T ~ 1015 fm/c
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Motivation - m-scaling
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% High-energy collisions (200 GeV) show universal mr-scaling of source radii across particle species,
consistent with collective hydrodynamic expansion.

% Does the universal m-scaling of source radii survive at lower collision energies?
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Femtoscopy

’—------------------------------------------------------------------~
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C(qinv) — S(T )lq](qinv»r )|2d3r =N same\1inv
N mixed (qmv)
Assumed Determined Measured

% If we assume that we know the emission function, the measured correlation function can be used to

‘-------
‘_____________,

determine parameters of final state interactions.

R 7 Qs oF 7*: relative distance of the emitters in the Pair Rest Frame

/pl ? (PRF: in which frame the total momentum of the pair is zero)
| .. ... == ~UR S(7*): emission function
R 0 W(k*, 1) ° | ™)

\ | D qinv: relative invariant momentum in PRF

B, i Y (Ginp T7): two-particle wave function

.05 0.;"“, 0.15 0.2 N . . .
samedinv) . e asured correlation function
Naixed(Qinv)
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STAR Experimental Setup

: Fixed Target
n=-2.0 0, z=2.01m
BBC
VPD Fast Yellow beam
| § \“: |
BBC
West
East West
BTOF
BES-Il Upgrades
/ ‘ ** Inner-Time Projection Chamber (iTPC)
- Larger acceptance iTPC, EPD & eTOF upgrades Extended eta acceptance and improved tracking and dE/dx resolution
- Excellent PID with uniform ' completed & E : :
ndcap Time of Flight (eTOF
efficiency All are in data-taking for BES-II 0 P ght { )
- Modest rates ; program Extended PID coverage
o | % Event Plane Detector (EPD)
Main sub-detectors for PID Improved Event plane resolution
o .. . o
*» Time Projection Chamber (TPC): lonization energy loss (dE/dx) Fixed-Target Experiment
. . . 2
% Time of Flight (TOF): m % FXT extends energy reach down to 3 GeV (ug = 750 MeV)
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Analysis details — PID

TPC bToF eToF
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dE/dx in TPC (keV/cm)
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Ragidity p*q (GeVic) Rigidity p*q (GeV/c) Rigidity p*q (GeV/c)

p(0.5,0.6) GeV/c

10%

Fit function: Tri-Gaussian

Purity: 100.00% . . .
K* fit function: Gaussiangeen

10°

* K* are identified by TPC and ToF

102

Integral range: (-3, p+3) % Good particle identification capability
For p (0.2, 2) GeV/c, Purity > 95%

P IS T ) SR
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Take 3.2 GeV as an example
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Analysis details — Acceptance
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* Analysis window: p(0.4, 1.2) GeV/c; y(-1.0, 0.0)

** Good coverage from beam-rapidity to mid-rapidity within eToF

Bijun Fan Kaon femtoscopy at FXT

104

10°

10

10

107!




Analysis details — Corrections
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UrQMD Simulation

FSI from Correlation After Burner (CRAB)
Phase space
Simulation in UrQMD for correlations between pair:

from UI'QMD - Quantum statistics effects;

- Coulomb interaction.
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Au+Au Collisions 3 GeV
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+ The same acceptance as the experimental data
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Results - Correlation Functions

I ! 1 ' I ' | ' | ! | ' | ! | ! | ! | ! | ! |
Au+Au Collisions @ 3 GeV 3.2GeV 3.5 GeV 3.9 GeV
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% K*K* CF show suppression at very low q;,, (Coulomb-dominated), and enhancement at

intermediate q;,, (Bose-Einstein dominated);

<+ UrQMD+Crab consistent well with data.
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Parametrization

27 AutAu @ |5 = 3.9 GeV
0~60% y(-1.0, 0.0) p (0.4,1.2) GeV/c

*» CF including only Quantum Statistical (QS) effect:

A=0.75%0.05
R=2.94+0.08
N =1.01+0.00
X3/NDF = 0.72

€O (giny) = N(1 + AeRetin)

Quantum Statistics + Coulomb
Coulomb
Quantum Statistics

% Bowler-Sinyukov!ll2l method to include Coulomb effect:

I S RN
0.1 0.2
q,., (GeV/c)

_R2g? - |
C(qiny) = N[(1 — A) + AK ;61u1(qinv, Rg) (1 T e Rquv)] Fitting example

.
03

* A — correlation strength; R - source radii

TZ
A 4RZ

 Source function: S(r) = (R € G (Gaussian approximation)

*  Coulomb factor: Koy (Ginw Rg) = [ A3rS(r)|Weout (Qiny, T)|?*  (calculated by Correlation Analysis Tools
using the Schrodinger equation (CATY))

loo

1
 Coulomb wave function: Y., (F) = T'(1 + in)e 221" F (—in; 1; %(q‘r — c‘i?)), n = %
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Results - Parameters
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Source Radii R (fm)
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m-scaling between kaon & pion
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Au+Au collisions  Vsw T

_aNo 3.0Gev O

0-60% 32GevV ¢

35GeV =+

3.9Gev [
@ 4.5 GeV

a-m$ fits to m+ ; ¢

% Rg of kaons smaller than that of pions;
% Rg of kaons do not follow mrt - scaling of pions’,
implying no equilibrium amongst pions and

kaons at high baryon density.

| STAR Preliminary
' R N ' R R L
0.2 0.4 0.6 0.8 1
(m.) (GeV/c?)
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Summary and Outlook

Summary:
+*» First measurement of kaon femtoscopy at high baryon density
“ For /syy =3.0—3.9 GeV:

1) No clear energy dependence of R; and 4

2) UrQMD+Crab describe well with data

3) Rg of kaons do not follow m; - scaling of pion’s, implyingno | 6;1 g ot r. . . I_
E | 35Gev + + +
equilibrium amongst pions and kaons : M w0
% 41 @g .....
Outlook: | e P A
ol STAR Preliminary

¢ Analysis on 3D femtoscopy using run21 3GeV data
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