- Supported in part by
Office of

&2, U.S. DEPARTMENT OF
5 “
EN ERG Science

Residual Third-body Coulomb Effect
on Identical Charged Pion Correlations
in Au+Au Collisions at STAR

Vinh Luong (for the STAR Collaboration)
Joint Institute for Nuclear Research

Quark Matter 2025, Frankfurt, Germany A e




Outline

@ Motivation

o The STAR experiment and Fixed-Target program
® Femtoscopic correlations technique

® Results from Au+Au v/snn = 3.0-7.7 GeV.

» Measured 7 correlation functions

» \/SnN-dependence of radil

» /SN~ and centrality dependence of 7~ 7~ /7T radii ratio

»  Third-body Coulomb corrected 7~ 7~ /7 7™ radii ratio
© Summary
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Viotivation
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@ Possible effects causing the difference: 45
» Third-body Coulomb effect 4
» |sospin effect | 3.5

02 025 03 035 04 045 05
k; (GeV/c)

/
Ap,

172) ,
[sospin effect Third-body Coulomb effect
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e Fixed-target (FXT) program: Au + Au collsions at v/sxnx = 3.0-13.7 GeV

® |dentical charged pion correlations are measured for Au + Au collisions at:
» V/Snn = 3.0, 3.2, 3.5, 3.9, 4.5, 5.2 GeV (FXT mode)
»  VSNN = 7.7 GeV (BES-II, collider mode)
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Plon 1dentification

Au+Au {s,, = 3.2 GeV Au+Au s, = 3.2 GeV

1.2

STAR Preliminary |

Au + Au Collisions |

c QL

‘>\-’ © 0.8 0-80%, m'rtt
6 >

= o

§ 4 NQ' 0.

5 = —— /RN — € 0.2 —
> L
0 >
‘:I“ {11 . Ll 1 | | | L1 oo l 02 R B R qD
‘15 -1 -05 0 0.5 1 15 " 45 4 05 0 0.5 1 1.5 O,

p/q [GeV/c] p/q [GeV/c] X

© Good particle identification capabillity:

» 0.15 < p < 0.55 GeV/e: TPC identification
» 0.55 < p< 1.5 GeV/c: TPC+TOF identification

o Pairs with 0.15 < kp < 0.25 GeV/c, -0.5 < y.. -, < O are selected
to study the third-body Coulomb effect
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Vieasuring two-particle correlation function

o Experimentally, correlation function: C'(¢)

(E.F(qinv)
N

» Relative momentum: ¢ = p1 — p»

» A(q): measured distribution of ¢'within the same event,

containing quantum statistic (QS) correlation and final
state interactions

1.2

|

0.015 0.02
9, (GeV/c) » B(q): background distribution of ¢ of two tracks from

a2 different events, where physical correlations are absent

e Projection of ¢ onto Bertsch-Pratt longitudinal co-moving

________ e k. system (LCMS):
> Qout: AlONQ pair transverse momentum (k)
2 -
-3 A/ Gout > Qong: @lONG beam direction
Fiong »  Qside: PErpendicular to the other two axes
R, ke = |prit Pral/2 S. Pratt, PRD 33, 1314 (1986)

G. Bertsch, M. Gong, M. Tohyama, PRC 37, 1896 (1988)
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-Itting the correlation function
e Bowler—Sinyukov procedure: C(q) = N [(1 — A) + AKcoul (¢inv ) (1 + G(q))]
G(q) = exp(—q; R, — ¢GRS — ¢ R} — 2q,qiRY))
» NN normalization factor, A: correlation strength factor
» Koo two-pion Coulomb correlation function

» Rout « geometrical size and emission duration
» Rsige « geometrical size
» Riong « SOUrce lifetime

» R2,ut10ne = lilt Of the correlation functions in the (qout, gong) Plane, depending
on the degree of asymmetry of the rapidity acceptance w.r.t. midrapidity

M.G. Bowler, PLB 270, 69 (1991)
Yu.M. Sinyukov, et. al., PLB 432, 248 (1998)
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C(mtn*)/C(mr )
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@ About 3% difference
between C'(7 ™)

and C'(m~ 7 )

» Likely due to the
third-body Coulomb

and Isospin effects
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Collision energy dependence of radil

Rside [fm]
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P

0-10% central Au + Au collisions | o ] T T
STAR Preliminary e@nxn Om*n* | 5 5 = out ana out AJree
(k) ~0.2 GeV/c, -05<y™ <0 | = within uncertainties
HADES Axn i Axtmt _ _:5 Q:g , 4+
(k) 022 GeVig, ly* 1<035 | i L D|ﬁererlce_between T
| — T ]r - EN and ™ 7 decreases
n _.' | o 05 : _g with increasing /s~
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HADES, EPJA 56, 140 (2020)
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" /7 T radii ratio

STAR Preliminary Au + Au =
-0.5<y” <O

® 0-10% A 10-30%
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o 1 Snn-dependence of
charge difference:
» weak for Rout

» decreases as y/SNN
INncreases for Rgide, Riong

e Centrality dependence
of charge difference:

» weak for R+ and Reqe

» Visible for Riong
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Third-body Coulomlb correction

Estimation of effective third-body charge

» Step 1: Estimate effective third-body charge Z<! .

» At /sy = 3.0 GeV: extract fos.ch. from 3.5_C|. Slhlerlw,lB. Schenlke, Pfl7ys. I/%’e\l/. clzslﬁl, .O|24907 (2o|1 8) |
m~ /7T pr-spectra ratio by comparing data 3.05- " 0% AurAd -
with UrQMD + third-body . 2.5 -

, At VsNN = 3.2-7.7 GeV: 2T are scaled by =% :

% 1.5[ -

passing time Toverlap (@SSUMING Z°2 | o Toverlap) S Lo _

Venn (GeV) 30 32 35 39 45 52 7.7 0'52‘ .
vt (/) 1011 014 802 694 580 490 3.18 R

See Youquan Qi’s poster for more details (ID: 605)

Vinh Luong | QM25 Residual Third-body Coulomb Effect on Identical Charged Pion Correlations in Au+Au Collisions at STAR


https://indico.cern.ch/event/1334113/contributions/6436887/

Third-body Coulomlb correction

Estimation of momentum shift Ap

UrQMD Au+Au \[s,,, = 3 GeV 0-10% Z,.. o, = 50

Correct momenta of single-m— for ;MR

third-body Coulomb effect: - Quantum statistics only ]

- — -t — - -

— VA i _

e Push 7 outward: p; = p1 + Ap; 4 gl Quantum statistics + 3rd-body + Ap B
| emtmt A= TUTU

o Pull 7" inward: p, = ps — Aps

o Ap|p

o Step 2: Estimate the momentum shift Ap needed for correction:
» Add third-body Coulomb into UrQMD using a quantum

relativistic approach* with the determined Z° . values

Rside [TM]

» Find Ap such that the Rsq. Without third-body are restored

o Step 3: Apply Ap values to experimental data and construct : A A\ -
- P1 P2 -
rrelation functions with corrected moment IR BRI 2 K R R R
correlation functions corrected momenta 42 : - - 5
“R. Lednicky, Phys. Part. Nucl. 40, 307 (2009) See Youguan Qi’s poster for more details (ID: 605) Ap [MeV/c]
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Third-body Coulomb corrected radil

>TAR Preliminary 1.1 . _ o Data corrected for the
Au + Au 0-10% _ _ _1 OSE = -
05<y" <0 —ii@@g' __________ g K third-body Coulomb:
(k_) =0.2 GeV/c : - : E = :
eData [JUraMD @Sonly) | 09558 » small difference between
A3rd-body Coulomb corrected data | 40.9 7_‘_——7_‘_—|— and 77~ radii —
1fte._.  dtae 1.1
k2 - 00 1r © ] B 2 | : '
R 51.050 e ° S 11052 small iIsospin effect, If any
'1:\8 1;_'l’*"'*"""l'""""l' l: ﬂ“‘i'@--ﬂ--'%"""""‘:1“;1 e e UrQMD predictions:
| 5 :_ -_ —- | E) . . '
s 06925_ 3 _;8'25‘3: » Isospin effect iIs mostly
3 4 5 6 8 38 4 5 6 8 pronounced in Riong
IS [GEV] » overpredicts Rjon ratio
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Data vs. UrQMD (QS + third-body)

STAR Preliminary - d11 __ e Asaclosure test, add third-
Au + Au 0-10% - . 25
- 31.05 80 * i
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— 4095 e © res.ch.
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o = Yy
& 1.05; ¢ o o 1F ° : 11.05 52 | |
SN e . r o o—Z.e i = dataw/o third-body correction:
E o C 1 F ] B
e D ol i 10. > O
E: 0 955 50 9 la: g reproduces R81de /Rsmle
0.9t | | | . | | - 40.9
3 4 5 6 3 4 5 6 8 > slight\y overestimates

long /Rlong

*R. Lednicky, Phys. Part. Nucl. 40, 307 (2009)

Vinh Luong | QM25 Residual Third-body Coulomb Effect on Identical Charged Pion Correlations in Au+Au Collisions at STAR 14



Summary

@ We reported identical charged pion femtoscopy measurements in Au+Au collisions from
STAR at/snn = 3.0-7.7 GeV
o Difference between R(m "7 ™) and R(7~ 7~ ) radii

» decreases as /snn increases for Rgqe and Riong; NO difference within uncertainties for Ry

» can be largely described by the third- STAR Preliminary i ERE

Au + Au 0-10% F ] 55

: . : - 41.05 g0

body Coulomb effect; isospin effect is 05<y <0 f_iﬁ_ﬁQ--E---B_______-_j-_f. s

(k) =0.2GeV/c : : E s

small within the following assumptions: eData  [JUQMD (QS-only) 10.95 °
A3rd-body Coulomb corrected data £ | - 40.9

e Point-like third-body Coulomb source . , 1.4 e, , ite, 1o

off *@1.05? o ¢, R 110533

® Zres,ch, X Toverla,p ~o 1—ﬂ-ﬂﬁﬁ‘l—m— —ﬂlﬂﬂﬂﬁz— ~

- 50.95: £ 1095k S

e Model dependence of Z¢% Y e T

-tlm -tl N -t S ey v 3 4 5 6 3 3 4 5 6 8
estimation aty/sxn = 3.0 Ge (5o [GeV]
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Rapidity dependence of femtoscopic parameters 7
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o Ihe difference of R4 and
Riong DetWeen positive ana
negative pion is observed

o Rqae decreases as [y, r
INcreases

» HiNnt on boost-invariance
breaking

® |R2.ut10ng| IS larger for larger

yem,
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