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Motivation

» The Rgjge and Ryppng of ttt™ are smaller than T~ ™. The reason may be due to
isospin asymmetry in the gold nucleus and residual third-body Coulomb effect.

1. Initial 1sospin plays an important role in
determining the EoS of the medium in collisions
at high baryon density [1].

p+peon+Att Attt o p+pgt ' is dominant by proton.

n+nep+A AT eon+n” n~ is dominant by neutron.

2. Coulomb interactions among the pair and the net
positive charge in the emitting source also affect

the final correlation functions|2]. .
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Correct the contribution of the third-body Coulomb to study the i1sospin effect.
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[1]B. A. Li, L. W. Chen, C. M. Ko, Phys. Rept. 464, 13 (2008).
] R. Lednicky, Phys.Part.Nucl. 40, 307-352, (2009).
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Femtoscopic Correlations Technique

Gside

S(@)

Emission source
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correlation function

¥(q,7)

Two particle wave function

» The relative momentum can be projected onto the
Bertsch-Pratt, out-side-long system:

* g, direction is that of the pair transverse momentum.
* q; direction is parallel to the beam.
* g, direction is orthogonal to these two.

» CF are constructed in Longitudinally Co-Moving
System (LCMS), where p,{ + p,, = 0.

» Definition of the correlation function(CF) [3, 4]:

/?(_) - )\ /N (_)) N\
—\ P1,P2 same\q
CD) =156 PG |~ Duivea@

D
\ Statistical /] | Experimental )

* q = p; — Py, relative momentum.

* P(py,p,) and P(p,)P(p,) are the probability of
observing particles 1 and 2 with given momenta
simultaneously and independently respectively.

* Nogme(q): It contains correlations due to quantum-
statistics and final state interactions.

* Dixea(q): The correlations are absent.

[3]S. Pratt, Phys.Rev.D 33, 1314-1327 (1986).
[4]G. Bertsch, M. Gong, and M. Tohyama, Phys.Rev.C 37, 1896 (1988).
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Femtoscopic Correlations Technique

[5] Yu. Sinyukov et al., Phys. Lett. B 432, 248 (1998)

» Extract parameters by Bowler-Sinyukov function [5, 6]: 161 M. Bowler, Phys. Let. B 270, 69 (1991)

C(qout: Aside » qlong) - N[(l _ /1) + )'K(qinv)(l + exp(_Rgutqgut o Rgidquide o Rlzongqlzong o ZRgut—longqoutqlong))]

N: Normalization constant. Fitting Example [7]:

A: Correlation Strength. O | STARAu+Au@
O SNN™— 4.5 GeV

0-10% A Data
— Fit

* K(qiny) = [ d3rp(@)|Y,-(#, §)|?, Coulomb contribution.

* R,,:: geometrical size + particle emission duration.

* Rgiqe: geometrical size of the system.

* Rjong: kinetic freeze-out temperature and lifetime.

. Rgut_long: tilt of the CF in the ¢yt - qiong plane, Side Long

| | | | |

depending on the degree of asymmetry of the rapidit -0.1 0 0.1 -0.1 0 041 -0.1 0 0d1
p g g y ry p1aity q [GeV/c]

acceptance w.r.t. midrapidity. [7] STAR Collaboration, Phys.Rev.C 103, 3, 034908 (2021)
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The STAR Detector & Fixed-Target Program

» STAR Detector System

EEMC | Magnet

Fixed Target
z =200 cm

n=
EPD

» FXT mode collision energies:

Yellow beam_ VSNN = 3.0-13.7 GeV.
BBC » Extends the ug to ~ 720 MeV.

ETOF WVEST
BTOF
{ -iTPC, EPD & eTOF |
upgrades completed
- Large acceptance | - All are in data-taking SIS ©®» ©OA &
- Excellent PID with uniform acceptance R ERS:NRISIT e qu? c‘o"ﬁ“‘c? c{,l\ \T’,’\I\ ,\T ¥ O% N v DO "?o?/ e SN jeV)
== o 4
= 10 = STAR Au+Au Collisions ES-Il (FXT) 3
Time Projection Chamber (TPC) S ek ¢ ] » Data set:
« Charged particle tracking. > ot = 1 <. 5yn=23.0,32,3.53.9,45GeV
. i > 10
yomelnt;gn f?fgonftngong/d : m Ve 3 (BES-IL, FXT mode).
* Particle Identification X). S . . .
Y o 10F 4 . /Snn = 7.7 GeV (BES-II, collider
Z - ]
Time-of-Flight (TOF) 1k il BEELE mode).
« Particle Identification at high momentum(by m?). 0 100 200 300 400 500 600 700 800

Baryonic Chemical Potential ug (MeV)
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Pion Selection

20 T T T T | T T T T I,I‘.

18§Au+Au 3 GeV / 10°

14:— —Kaon / 105

12 :_ — Proton // : 1§ : ! e
% - - Deuteron ' i 5 L Ii [ !'E'“ i " 104
m 10_— — Triton /
© -

8 10°

s 10

e i 10
2 e ———— e ——————
e R— 1 0 1 2 3 |
p*q (GeV/c) p/q (GeV/c)
» Good particle identification capability:
* 0.15 < p <0.55 GeV/c: TPC 1dentification. e 0.55 <p < 1.50 GeV/c: TPCH+TOF identification.
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Pion Pair Acceptance

1
kr == + [ MG I J T B ! ! ]
r=gPrtbl o oe] [ 307 | 32] | 3.5
pair _ 1 E1+E2+4Pz1+Dz2 | | _
c.m. _51 (E1+E2—p—zl’—p—zz’ - GeVi : | i
) 0.2 I k I p ¥ J. .
\ L 4
% ol STAR 1 Au + Au Collisions | m*m*
x< 047 | } T ! T
0.2} :
4.
O- .............. 3. .9. L | PR S R T | - .5. | | |
-1 0 1 -1 0 1 -1 0 1
TUTC
Yem.

» Pairs with 0.15 < ky < 0.25 GeV/c, 0.5 < yr < 0 are selected to study the third-body Coulomb and isospin effect.
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Third-body Coulomb Correction(Experimental Method)

Stepl: Fit the p; spectra of 7~ and 7™ simultaneously

= | STAR Au+Au ©0-10% *10-30%
to extract Coulomb potential [8]. S o ® 30-50%
J2NE _Efflveii EftVerf O 0“__ N § VSyw=3-2-3.9 GeV:-0.3<y <0.0
- Aim%]i]iff [fre Tt +A—-fpe T2 ] = > &‘\ VS = 4.5 GeV: -0.3<y_ <-0.1
e + + —
dydmy - | S P ux ® STAR Preliminary
[8] HADES, Eur. Phys. J. A 58, 166 (2022) "E L . \¥ .\\
L -|q-)- i El.\.\\*\% S
i o STAR32GeV Q5 N .
N, e STAR32GeVm - Sl T~
P o Fitting rt* O L ~__ —_ ©®—_
‘ﬁo 102 %=, eﬁ\ Fitting 7 N E i ~ I S
210 “\.\:;e% STAR Preliminary ] [s) I o) T — \\i
é - Seg % i 8 0 _—pe Pt 2L Extrapolated
= s :: S | O 1 1 I : 1 I I i I I 1 i I
_g ~ Centrality 0-10% e . 2 4 6 8
> | -03<y_<-00 =3 i ol
3 16150 2057 Mev g Collision Energy |s,, (GeV)
10k vecos sy « - Step2: Calculate Ap form V. —
- xndf= 54.06/41.00 . -/p72/ p, *Pushm™ outward: p = p + 4Ap
: T Vg = Ve(Erf () — /VDxe ™) vody \ 7t ..
= 1.1 - i Conlonb T *Push r™ inward: p = p — 4p
% 12—10'0.',.-'-.4&.#"1—&——0———; X = \[(m_n B 1) My /Ty e ;;‘\ I
Ro9- 1 AE =V p, “Opllp
C . s - 2
0 200 400 600 Ap=p’—p=\/(E+AE)2—m2—\/E2—m2=\/(E+Veff) —m2 —VE2 —m?2

mp-m, (MeV/c?)
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Third-body Coulomb Correction(Transport Model Method)

AU+AU 4 /Sy = 3.0 GeV, 0-10%

‘eData  4UrQMD
¢ UrQMD+3rd-body

1.8F
1.6}
1.4f
1.2}

eData ASMASH i
¢ SMASH+3rd-body

n~/n" pr-spectra

0_85—Zres.ch.= 83 Zres.ch.= 65 :
02040608 0204060.8
prt (GeV/c)

Stepl: Add third-body Coulomb effect to UrQMD/SMASH using
electrostatic potential energy.

— 1 Zres.ch.Zn

Step2: From 1w~ /" py-spectra ratio, find Z,..; ., that matches data best.

Step3: Add third-body Coulomb effect into UrQMD/SMASH using a
quantum relativistic approach with the determined Z,..; ., [2]

Step4: Find Ap that the R;;, without third-body Coulomb are restored.
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4.2

UrQMD Au+Au \'s,, = 3 GeV 0-10% Z

83

res.ch. =

| T T T L L UL
I l l I l

Quantum statistics only
~-grret - T

Quantum statistics + 3rd-body + Ap
ot A= JUTC
0.15< k;<0.25GeV/c, -0.5<y" <0

| | | I | | | | | | | [ |

Ap_ Ap_,
[N R RN R JF Wl v | Jlt [
0 5 10 15 20
Ap [MeV/c]

[2] R. Lednicky., Phys.Part.Nucl.40, 307-352, (2009).
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Correlation Function

C:uncorn(cl)

Ceorr(q)

2026/10/19
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Vc-uncorrected

| ¢ nrmt
| ¢mm

Ve -corrected

T A VC-uncérrected
| A V-corrected
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» Before third-body Coulomb corrections,
the difference between C(m~m™) and
C(rm*m™) is about 4%.

» After third-body Coulomb corrections,
the CF difference between C(r~ ™ )and
C(m*m™) is about 1%.

» No room for Isospin effect?



Estimation of Systematic Error

Systematie source | Row | Roe | Ring __

Track splitting Close to 0 Close to 0 Close to 0
Detector effect — Track merging Close to 0 Close to 0 Close to 0
Momentum resolution ~1.5% ~0.5% ~ 1%
Particle identification <+—— Purity Close to 0 Close to 0 Close to 0
Correction method itself «—— Third-body Coulomb correction ~0.5% ~2.5% ~2.5%
l Total ~2% ~3% ~3.5%
Osys = |Ry, — RzrlieTSQC%Dl
/ » Third-body Coulomb correction is the dominant source of Rg;g. and Rjpp 4.
Experimental
Method o .
» Momentum resolution is the dominant source of R ;.
Transport Model

Method
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Energy Dependence of HBT Radius at Mid-rapidity
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1. After third-body Coulomb correction, all HBT radius show insignificant difference between m~m~and w7 " pairs within uncertainties.
2. Third-body Coulomb is the dominant source causing the charge splitting. Initial isospin asymmetry, if any, contributes < 5% (95% CL)
to the pion correlation.
3. Ryt 18 not sensitive to third-body Coulomb effect.
4.For the /syy from 3.0 to 7.7 GeV:
*R,ut and R4, change only slightly.
*Rjong 1ises by 20%, implying the increase of the source lifetime.
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Energy Dependence of R4, Vs. Ry, , at Mid-rapidity

STAR Preliminary
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Summary
1. First time address third-body Coulomb effect in pion femtoscopy in Au + Au

collisions at \/syy = 3.0 — 7.7 GeV g
. . . . . . . 13t mjaGeV | Fit — " — Vi-:;::rected
2. Third-body Coulomb is the dominant source causing the charge splitting. Initial & ..~ | g
. . . . . . S L ]
isospin asymmetry, if any, contributes < 5% (95% CL) to the pion correlation :
L8 (k) ~02Gevie | -05<y™ <0 : gz:zgrcrzrcrteecged
3. A ' wh,
. At approximately 5 GeV, the shape of the system changes from oblate to prolate e
f,:ut (GoVic) qo; (@eVic) ‘;.19 (Gevie)
STAR Preliminary 0-10% central Au + Au, (k_) ~ 0.2 GeV/c, -0.5< y <0 g STAR Preliminary
6l Rout R ; 5_5:-Rlside - UI’Ql\fl[Z ] 5:-Iqllong R ‘ _ 8:— g%'l(?ATITB_ES-I CERES () ALICE E
I i) — J'nIS_J'nE_ I ] [ ¢ This analysis HADES ]
= ! I [ ® o - = ] :— P is analysis -
.,g 9.5 - 1 5 %gg § o 145 o &7 1 E 7: ‘:.13\49 Y ::;ES 0 1]
x | Wyet | AN | S0 e
3 V.-uncorrected 4.5¢ 14 V.-corrected | 0:% @ <« :
c [ \\ I c” | 5 L 77 GeV] eyl ‘7'7 y h
Ot O [ [ © o ¢t - )‘&ﬁ ]
+ 3 4 56 8 : 3 4 56 8 35 3 4 5 6 8 4? Central collisions 7
Collision Energy \syy (GeV) gr, TRl moage
3 4 5 6 7 8 9
Thanks for your attention ! Riong (fM)
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Backup
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Third-body Coulomb Effect
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Riong (fM)

Rlong (fm)
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As the number of residual
charge increases, the Rg;q,
and Rjpng of mm™ will
decrease and m~ m~ will
increase.




Isospin Effect
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Riong (fM)
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One the
initial 1isospin effect is

may expect
absent for Z = N nuclei.
For the case of Au nuclei,
Z <N , which gives
R(r*tnt) < R(n~m).




