& Residual Third-body Coulomb Effect
L . on ldentical Charged Pion Correlations
e in Au+Au Collisions at STAR

Y 4
.

== =

Vinh Luong CRER)

Joint Institute for Nuclear Research

The 2nd International Workshop on Physics at High Baryon Density
16—-18 Oct. 2025, CCNU, Wuhan, China



Outline

© Femtoscopy technique

o The STAR experiment and Fixed-Target program
® Results from Au+Au v/snn = 3.0-7.7 GeV.

» Measured -

= S

- 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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Femtoscopy technique

© Femtoscopy is a powerful technique to
study characteristics of particle-emitting
source In relativistic heavy-ion collisions:
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Femtoscopy technique

ROPPEJISINIMAN 'I‘()?lf]ll",(','l‘lﬂ“,llIII)IX JACTMIL,
NMCIIYCKAEMBLIX l!l)l(?()lf()ll()ill%)’?ﬂ'}lICIIIII)IMH ANPAMN
I'. 1. KONLLIOR, M. 11, Il()jll‘()l’l'lllﬁl«fﬂ
OBBEAMMERHBII HICTHTYVTY 83 EPHLX HCOCTET0BAHH I

(Moemynuaa 8 pedaryuio 21 uwi.asn 197 1 2.)

MN3yqamoTca sHepreTnueckne M yriaoBRbie KOppeisiun HeHTPoOHOR, HCOAPACMBIX BLICOKO-

BOBOYKAeHEBIMI  aapaMi. O0cymIaeTes BO3MOKHOCTE HU3MEPOHus BPEMEH RU3IHU RBO3-
OymRaeHHBIX sjgep B natTepsage 10-'8—10-22 cer. CXopubie KOppesaaan MEHy T-Me30Ha-

MH, BO3HHKAWOUIMMN OpH CTOIKHOBEHNHNAX [)(B.TIII'I'I'IIH'T(',.T(‘HHX fAjlep, Ho3BOJIAIOT OINEHUTH (i’)ﬂp

MY 1 pa3Mephbl obnacT UXx regepanmnu,
e —-

® Femtoscopy is a powerful technigque to
study characteristics of particle-emitting
source In relativistic heavy-ion collisions:

» access to spatial and temporal properties
(Kopylov, Podgoretsky 1971)
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Femtoscopy technique

KOPPEJSIIMN TOMJIECTBEHHBIX JACTHIIL,
NCNIYCKAEMbBIX BLICOKOBO3BYK/JIEHHBIMIT fHIPAMMN

. 7M. KOUBLLIOB, M. 1. HHOJATOPEIKUR

p OBBEAHHEHHLIT munernryr d JgEPHHLIX HCCT 1210 BAH H T
0 a (Moecmynuansa 8 pedaryuio 21 wiasn 197 1 2)
\ MayvaoTes SHePreTHaeckne M yraoBee KOPPessiuy HeMTPOHOR, HCHaPACMBIX BLICOKO-
BOBOYHACHELIMI aapaMu. O0cyaacTest BO3SMOIKHOCTE HU3MEDPOHUs BpeMeH FRUIHU BOu-
OymRaeHHBIX sjgep B natTepsage 10-'8—10-22 cer. CXopubie KOppesaaan MEHy T-Me30Ha-
M, BOZAUKAIOIIMMN IPH CTOTKHOBENUAX PEIATHBUCTCRUX fAjep, HO3BOJNAIOT ONEHUTH thop-

MY 1 pa3Mephbl obJlacTH UX regepanmnm,

BANANNE B3AMMOIEACTBIST B KOHEYHOM COCTOAHUR KA
NAPHBIE KOPPEJSLITN YACTHI] C MAJIBIMI
OTHOCHTEJBITBIMH HMITYJILCAMI

JEHATKY P., JTIOBOMIAIL B. JL.

© Femtoscopy is a powerful technique to PR i e G R TTL R '
study characteristics of particle-emitting i bwhuna byt B Aol 1081 5

B pamMrax Momenam He3aBHCHMBIX OJHOYACTUTHBIX HCTOYHUKOB HCCIenyeTcsa BllASA AR
' oot v P ‘S-BONHOBOTO B3aMMOJEHCTBHS B KOHEYHOM COCTOSHUHM HA KODPPEIANAA ABYX TACTHL, ¢ yq
| o -~

. . -JIbI BHBIMHA WMITYJLCAMH, . SRR

source In relativistic heavy-ion collisions 1 ormocnTens Bruaan paamMORelicTRis B XOMOSHOM cocTommy,
B ROPPOJANUOEHYH0 (YHKIAIO ONpeflefAeTCsS aMIUIUTYAOM PACCeAHNA U IIPOCTPAHCTBeHp(.

BDEMEHHBIMI pasMepamm obnactm remepanmm. Iloppo6HO PaccMAaTPUBACTCA CIyYail pmyy

> aCCGSS 'to Spa'tla aﬂd 'tem pora propertles Helitponos. Iloxasamo, wro mpm pasmepax Macmraba 2-3 @M apdexr B3aMMOJIeHcTRyy

HEHUTPOHOB CYIIECTBCHHO npeBhIImaeT BHTep(I)epeHIIEOHHHe KOpPeJALINA HeB3auMopes;-
CTBYIOIIUX TOMJICCTBEHHBIX WACTHI, cO COMHOM !/;. OOCY/KHaeTCA XapakTep Koppemammy

Podgoretsky 1971 g e el
(Kopylov, Podgoretsky 197 e BoE i) e i el
BRI KYJIOHOBCKAX M KODPOTKOTEHCTBYIOIX CHI. PaccMOTPeHO BIHAHHE KYJIOHOBCKOTq

} S't u dy ﬂ n a Sta:e i nteract i O n S B3aUMOJEUCTBUA HA KOppeJAnud ABYX HP(')T‘QHOIL?- -

(Lednicky, Lyuboshits 1981) > 50 years of femtoscopy
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Femtoscopy technique
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Correlation functions:

Clk*) =| | S0y | Wik, ) | dPrv| =| =

Modlel Measurement

© fFemtoscopy is a powerful technique to r*: relative distance, k™: relative momentum,
study Cﬁ‘araCt?rliS':.iCS of parltiC e—erlniltting S(r*): source function, \W(k*, r*): two-particle wave function
source In relativistic heavy-ion collisions: A(k*): distribution of pairs from same event, containing
» access to spatial and temporal properties quantum statistical (QS) correlations, final state interactions
(Kopylov, Podgoretsky 1971) (FSI) (Coulomb, strong)
» study final state interactions B(k™): distribution of pairs from mixed events, served as

(Lednicky, Lyuboshits 1981)
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Motivation

o Clear difference in Rgq. and Rjopne radii

between 7t and 7~ 7~ at small pair
transverse momentum (k)

e Possible effects causing the difference:
» Third-body Coulomb effect
» |sospin effect

/
Ap,

Third-body Coulomb effect

[sospin effect

Vinh Luong | PHD2025

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

- STAR Preliminary ®R,, nn OR,, m'n'
—0-10 % Au+Au {s,, = 3 GeV AR, tn AR, T
BR, o Riong ©1*

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

4




The STAR detector & leed -Target Program
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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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Pion identification

10 Au+Au \s, = 3.2 GeV 10 Au+Au s, = 3.2 GeV :
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© 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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Measuring two-particle correlation function

EF(qinv)
N

o Experimentally, correlation function: C(q) = A(q)/B(q)

» Relative momentum: ¢ = p1 — p3
"2 » A(q): measured distribution of g within the same event

1 , » B(q): background distribution of ¢ of two tracks from
0 0.005 0.01 0.015 0.02

q_(GeVrc) different events

o Projection of ¢ onto Bertsch-Pratt longitudinal co-moving
system (LCMS):

»  Gout: AlONQG pair transverse momentum (kr)

»  Qong: @lONQ beam direction

) Rside

»  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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Fitting 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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Charged pion correlation function

L L e L L L L L L L L L

— - STAR Preliminary 10.15< k;<0.25 GeV/c {4 it data — ot fit - o .
1 1 | @

O L AusA Sy =32 GeV 105 <y <0 | R About 3% difference

- 0-10% i :: | between C'(7 ")

1.2r /'A\ 1 /r\ 1 ) ) and C(?T_W_)

I ,l \\ 1 i’ \‘ | [ A _

| fooA I 7 I 7N | .

Y R i eespersnsiunsetcatttt’ N » Likely due to the
— third-body Coulomb
E - i L L L O U L L B A
= 1.05F 1 1 -
5 : ****% e®* eo0e®0e, 000e%00%, 00 ' '
Q\i 1-###!4'4.” ‘n'_‘ _____ ¥ _’20,!‘41'%; ++_+ . ’_.,‘n,pf _________ Y S PP c,pfo_‘:'_'_ S t‘.’mg..,é, aln d ISOS p N eﬁeCtS
Fos 1 R
S 01 0 0.1 01 0 0.1 01 0 0.1

q_ . [GeV/c] q_.. [GeV/c] qOng [GeV/c]

Vinh Luong | PHD2025 Residual Third-body Coulomb Effect on Identical Charged Pion Correlations in Au+Au Collisions at STAR 9



Collision energy dependence of radii

0-10% central Au + Au collisions [ | | o :6 ® R7T+7T+and Rﬂ'_ W_agree
STAR Preliminary enxn Om'm* | 8 5 5 'g' out out
(k) =0.2GeV/c,-05<y™ <0 | qi within uncertainties
A ' i | i 15 5
HADES Anm Antm : : : : n , 4+ +
(k) =0.22 GV, Iy | <0.95 i L. ® D|ﬁererlce_between T
- 1 T RS and ™ T decreases
= 55 e e . = T -
E I s, ;”5 . 6 . _E with increasing /snn
3 5 e 90 4 2 for Rsqe and Riong
7p § ® :‘ o A ’ S
T | 7% ep o || e L
450 S N RS 1 i R R B
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HADES, EPJA 56, 140 (2020)
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/7 7" radii ratio

o VSNN-dependence of

STAR Preliminary Au + Au - T _
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Third-body Coulomb correction

Estimation of effective third-body charge

» Step 1: Estimate effective third-body charge Z<! .
y At \/ﬁ 3 O GeV extract Z off from 3.5_C. Shen |B Schenke Phys Rev. CQ? .024907 (2018) _
7~ /7T pr-spectra ratio by comparing data 3.05- *— 0-5% Au+Au :
with UrQMD + third-body - 25
» At /snn =3.2-7.7 GeV: Z<! . are scaled by q:;}z'oé_
= 1.5F
passing time Toverlap (@SSUMING Z°2 | o Toverlap) K 1_0;_
venn (GeV) 80 32 85 39 45 52 77 0'52_
overip (/) 1011 9.14 802 694 580 490 818 R
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Third-body Coulomb correction

Estimation of momentum shift Ap
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Third-body Coulomb correction
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Third-body Coulomb correction

Correct momenta of single-m— for
third-body Coulomb effect:

e Push 7 outward: p| = p1 + Ap;

o Pull 7" inward: p, = ps — Aps

o Ap|p
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Third-body Coulomb correction

Correct momenta of single-m— for
third-body Coulomb effect:

e Push 7 outward: p| = p1 + Ap;

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

res.ch.

» Find Ap such that the R4 Without third-body are restored

*R. Lednicky, Phys. Part. Nucl. 40, 307 (2009)
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Third-body Coulomb correction

N UrQMD Au+Au \'s,, = 3 GeV 0-10% Z,. o = 50
Correct momenta of single-m— for ] L L L L L L B

j : - Quantum statistics only 7
third-body Coulomb effect: I )

e Push 7 outward: p/1 = D1 + Apl 48 Quantum statistics + 3rd-body + Ap
| e mtt A-TUTU

o Pull 7" inward: p, = ps — Aps

e Apl|lp — 46
o Step 2: Estimate the momentum shift Ap needed for correction: S
QC
»  Add third-body Coulomb into UrQMD using a quantum 4.4
relativistic approach* with the determined Z° . values
» Find Ap such that the Rgq4. Without third-body are restored 4.2
- Ap1l | Apo -
4 | L1 | | | 11 W | Moo | I I |
0 5 10 15 20
Ap [MeV/c]

*R. Lednicky, Phys. Part. Nucl. 40, 307 (2009)
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Third-body Coulomb correction

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

res.ch.

Correct momenta of single-7~ for L A B B B O

third-body Coulomb effect: _ _QE?ET;:T Statf“f;?;'}’ _

e Push 7 outward: p/1 = D1 + Apl 4 8_— Quantum statistics + 3rd-body + Ap _

n / | emtwt AU ]

e Pull 7" Inward; Do = P2 — Apg i _

o Aj| P = 46 ¢ =

= A ]

L , , - | 2 ]

o Step 2: Estimate the momentum shift Ap needed for correction: -B P b ? ]
QC e

» Add third-body Coulomb into UrQMD using a quantum 447 ﬁ*’* . _

L X - off i & 2 -

relativistic approach™ with the determined Z .. ., values I v 7 A

» Find Ap such that the R4 Without third-body are restored 4.2 ¢¢¢¢¢ i RS

o Step 3: Apply Ap values to experimental data and construct 5 | Ap: |~, Aps | :

correlation functions with corrected momenta T T T
Ap [MeV/c]

*R. Lednicky, Phys. Part. Nucl. 40, 307 (2009)
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Third-body Coulomb corrected radii

STAR Preliminary e Data corrected for the
Au + Au 0-10%

-05<y <0 __iigggg __________ §_£1- iy third-body Coulomb:

:l;it: OE&Z\(A/; (@S-only) _ | -éo,gs :%:*é » small difference between
_A3rld-body Cloulombl corrected data | — | | - —50.9 - 7T+ and 77~ radii —
:%102 e ., . ;g' JC 18525 small isospin effect, if any
';E% foamag Ak A Mw@ﬂ%;—1 ;gg’ e UrQMD predictions:
I‘Eiaobggi: 58'25 g » Isospin effect is mostly
3 4 56 8 3 4 56 8 pronounced in Rigs
VS [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
05<y™ <0 488 QEB __________ o G body to UrQMD with the same
(k) =0.2 GeV/c : ks ze - used for the data
— 4095 e © res.ch.
®Data [ |UrQMD (QS-only) : Y- oC
"JUrQMD (QS+3rd-body) - 10.9 correction
kg % 17 %oy 11 2 o UrQMD (QS+third-body) vs.
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 8 3 4 5 6 8 ) slight\y overestimates

long /Rlong

*R. Lednicky, Phys. Part. Nucl. 40, 307 (2009)
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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 1-11‘*‘1‘1— —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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