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Outline
๏ Femtoscopy technique 
๏ The STAR experiment and Fixed-Target program 
๏ Results from Au+Au           = 3.0–7.7 GeV: 

‣ Measured  correlation functions 

‣          -dependence of radii 

‣ Collisi and centrality dependence of   radii ratio 

‣ Third-body Coulomb corrected   radii ratio 
๏ Summary

π±π±

π−π−/π+π+

π−π−/π+π+

2

<latexit sha1_base64="9h9hMmF26h94FcAgcExgfO0cTQw=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE1GXBjbiqYB/QjiWTZtrQJDMkGaUM/Q83LhRx67+4829M21lo64FLDufcy705YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rUemDY/VvR0nLJBkoHjEKbFOeugm3JXMn1654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshmV0/wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb42kEuM81o1aMHSFUc3crpkOiCbUuqJILwV/88jJpnlX9i+r53XmldpvHUYQjOIZT8OESanADdWgABQ3P8Apv6Am9oHf0MW8toHzmEP4Aff4AtOWSrw==</latexit>

ω±ω±

<latexit sha1_base64="0DtUrRvYWc9CJolqOPX9vVDBf+E=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEGsiRV0W3IirCvYBbSyT6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmahbYemMvhnHu5d44fcaa043xbC4tLyyurhbXi+sbm1ra9s9tQYSwJrZOQh7LlY0U5E7Sumea0FUmKA5/Tpj+6Tv3mI5WKheJejyPqBXggWJ8RrI3Utfc7EXs4zcpZWk+y0rVLTtnJgOaJm5MS5Kh17a9OLyRxQIUmHCvVdp1IewmWmhFOJ8VOrGiEyQgPaNtQgQOqvCQ7f4KOjNJD/VCaJzTK1N8TCQ6UGge+6QywHqpZLxX/89qx7l95CRNRrKkg00X9mCMdojQL1GOSEs3HhmAimbkVkSGWmGiTWNGE4M5+eZ40zsvuRblyVylVb/M4CnAAh3AMLlxCFW6gBnUgkMAzvMKb9WS9WO/Wx7R1wcpn9uAPrM8fuPSUuQ==</latexit>

ω→ω→/ω+ω+

<latexit sha1_base64="0DtUrRvYWc9CJolqOPX9vVDBf+E=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEGsiRV0W3IirCvYBbSyT6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmahbYemMvhnHu5d44fcaa043xbC4tLyyurhbXi+sbm1ra9s9tQYSwJrZOQh7LlY0U5E7Sumea0FUmKA5/Tpj+6Tv3mI5WKheJejyPqBXggWJ8RrI3Utfc7EXs4zcpZWk+y0rVLTtnJgOaJm5MS5Kh17a9OLyRxQIUmHCvVdp1IewmWmhFOJ8VOrGiEyQgPaNtQgQOqvCQ7f4KOjNJD/VCaJzTK1N8TCQ6UGge+6QywHqpZLxX/89qx7l95CRNRrKkg00X9mCMdojQL1GOSEs3HhmAimbkVkSGWmGiTWNGE4M5+eZ40zsvuRblyVylVb/M4CnAAh3AMLlxCFW6gBnUgkMAzvMKb9WS9WO/Wx7R1wcpn9uAPrM8fuPSUuQ==</latexit>

ω→ω→/ω+ω+

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN



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

Femtoscopy technique

3

๏ Femtoscopy is a powerful technique to 
study characteristics of particle-emitting 
source in relativistic heavy-ion collisions:
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Femtoscopy technique
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๏ Femtoscopy is a powerful technique 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
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๏ Femtoscopy is a powerful technique to 
study characteristics of particle-emitting 
source in relativistic heavy-ion collisions:
‣ access to spatial and temporal properties 

(Kopylov, Podgoretsky 1971)
‣ study final state interactions       

(Lednický, Lyuboshits 1981) > 50 years of femtoscopy
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Femtoscopy technique
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๏ Femtoscopy is a powerful technique to 
study characteristics of particle-emitting 
source in relativistic heavy-ion collisions:

C(k*) = ∫ S(r*) Ψ(k*, r*)
2

d3r* =
A(k*)
B(k*)

: relative distance, : relative momentum, 
: source function, : two-particle wave function 
: distribution of pairs from same event, containing 

quantum statistical (QS) correlations, final state interactions 
(FSI) (Coulomb, strong)  

: distribution of pairs from mixed events, served as 
background  

r* k*
S(r*) Ψ(k*, r*)
A(k*)

B(k*)

Model Measurement

Correlation functions:

‣ access to spatial and temporal properties 
(Kopylov, Podgoretsky 1971)

‣ study final state interactions       
(Lednický, Lyuboshits 1981)
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Motivation
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๏ Clear difference in Rside and Rlong radii 
between π+π+ and π–π– at small pair 
transverse momentum (kT) 

๏ Possible effects causing the difference: 
‣ Third-body Coulomb effect 
‣ Isospin effect

Third-
body 

Coulomb 
source

π−
π+

⃗p1

⃗p2

⃗Δp1

⃗Δp2

Third-body Coulomb effectIsospin effect
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The STAR detector & Fixed-Target Program
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๏ Fixed-target (FXT) program: Au + Au collsions at           = 3.0–13.7 GeV 
๏ Identical charged pion correlations are measured for Au + Au collisions at: 
‣            = 3.0, 3.2, 3.5, 3.9, 4.5, 5.2 GeV (FXT mode) 
‣            = 7.7 GeV (BES-II, collider mode) 
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Pion identification
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๏ Good particle identification capability: 
‣ 0.15 < p < 0.55 GeV/c: TPC identification 

‣ 0.55 < p < 1.5 GeV/c: TPC+TOF identification 

๏ Pairs with 0.15 < kT < 0.25 GeV/c, –0.5 <  < 0 are selected 
to study the third-body Coulomb effect
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๏ Experimentally, correlation function: C(q) 
‣ Relative momentum: q 

‣ A(q): measured distribution of q within the same event 

‣ B(q): background distribution of q of two tracks from 
different events 

๏ Projection of q onto Bertsch-Pratt longitudinal co-moving 
system (LCMS): 

‣ qout: along pair transverse momentum (kT) 

‣ qlong: along beam direction 

‣ qside: perpendicular to the other two axes

Measuring two-particle correlation function

7
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<latexit sha1_base64="LW3GmcDqbiPnuEa2Twbqg1ylD6o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhF48V7Ae0oWy2k3bpZhN3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfe63J6g0j+WjmSboR3QoecgZNVZq9ybIsqdZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9cV2r1PI4inME5XIIHt1CDe2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AGqe4/N</latexit>

ωq
<latexit sha1_base64="LW3GmcDqbiPnuEa2Twbqg1ylD6o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhF48V7Ae0oWy2k3bpZhN3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfe63J6g0j+WjmSboR3QoecgZNVZq9ybIsqdZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9cV2r1PI4inME5XIIHt1CDe2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AGqe4/N</latexit>

ωq

<latexit sha1_base64="LW3GmcDqbiPnuEa2Twbqg1ylD6o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhF48V7Ae0oWy2k3bpZhN3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfe63J6g0j+WjmSboR3QoecgZNVZq9ybIsqdZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9cV2r1PI4inME5XIIHt1CDe2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AGqe4/N</latexit>

ωq

<latexit sha1_base64="t7UvbLk90fnOkQYEtdQnv1MQWbo=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GOxF48V7Ae2oWy2k3bpZhN3N4US+i+8eFDEq//Gm//GbZuDtj4YeLw3w8w8P+ZMacf5ttbWNza3tnM7+d29/YPDwtFxU0WJpNigEY9k2ycKORPY0ExzbMcSSehzbPmj2sxvjVEqFokHPYnRC8lAsIBRoo30eFvqjpGmT9OLXqHolJ057FXiZqQIGeq9wle3H9EkRKEpJ0p1XCfWXkqkZpTjNN9NFMaEjsgAO4YKEqLy0vnFU/vcKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6igxsvZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJKW9CcJdfXiXNy7J7Va7cV4rVWhZHDk7hDErgwjVU4Q7q0AAKAp7hFd4sZb1Y79bHonXNymZO4A+szx/+wZB+</latexit>

B(ωq)

<latexit sha1_base64="VIKsSCnCChQ8QdpqYz4LcQx1ikU=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuLEkpagbodCNywr2Am0Ik+mkHTqZxJlJoYTs3Pgqblwo4tZXcOfbOGkjaOsPAx//OYcz5/ciRqWyrC+jsLK6tr5R3Cxtbe/s7pn7B20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeONGVu9MiJA05HdqGhEnQENOfYqR0pZrHvcnBMN7eA0zSCLXTuH5D1dT1yxbFWsmuAx2DmWQq+man/1BiOOAcIUZkrJnW5FyEiQUxYykpX4sSYTwGA1JTyNHAZFOMrsjhafaGUA/FPpxBWfu74kEBVJOA093BkiN5GItM/+r9WLlXzkJ5VGsCMfzRX7MoAphFgocUEGwYlMNCAuq/wrxCAmElY6upEOwF09ehna1Yl9Uare1cr2Rx1EER+AEnAEbXII6uAFN0AIYPIAn8AJejUfj2Xgz3uetBSOfOQR/ZHx8A+/smBs=</latexit>

ωq = ωp1 → ωp2

S. Pratt, PRD 33, 1314 (1986) 
G. Bertsch, M. Gong, M. Tohyama, PRC 37, 1896 (1988)
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Fitting the correlation function
๏ Bowler—Sinyukov procedure: C 

‣ N: normalization factor, λ: correlation strength factor 

‣ KCoul: two-pion Coulomb correlation function 

‣ Rout ∝ geometrical size and emission duration 

‣ Rside ∝ geometrical size 

‣ Rlong ∝ source lifetime 

‣ R2out-long ∝ tilt of the correlation functions in the (qout, qlong) plane, depending 
on the degree of asymmetry of the rapidity acceptance w.r.t. midrapidity

8

M.G. Bowler, PLB 270, 69 (1991) 
Yu.M. Sinyukov, et. al., PLB 432, 248 (1998)

<latexit sha1_base64="7e+u1vZVQ6Je0IaZqshr0XHN+NQ="></latexit>

C(ωq) = N [(1→ ε) + εKCoul(qinv)(1 +G(ωq))]
<latexit sha1_base64="e3DO/vUcNAIMfwSXYR1sf4lSfFI="></latexit>

G(ωq) = exp(→q2oR
2
o → q2sR

2
s → q2l R

2
l → 2qoqlR

2
ol)
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๏ About 3% difference 
between  C(π+π+)       
and C(π–π–) 

‣ Likely due to the    
third-body Coulomb 
and isospin effects

<latexit sha1_base64="n5qVkc8Nna+E2EJyJfOOWlJuVNo="></latexit>

C(ω+ω+)
<latexit sha1_base64="vYrbY/UaR+QeDYBzXal48wlq2ec="></latexit>

C(ω→ω→)
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Collision energy dependence of radii

10

๏   and    agree 
within uncertainties 

๏ Difference between     
and             decreases 
with increasing             
for Rside and Rlong
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<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="kQH4UCFJs2b2rpWXNTzkfEWZx8o="></latexit>

ω→ω→

<latexit sha1_base64="SF0nfxkXDRYu+EiTj9HHPTXWyRc="></latexit>

ω+ω+

<latexit sha1_base64="byYqLAq26NA7WlOvxQKtPNDoyIw="></latexit>

Rω+ω+

out

<latexit sha1_base64="pxBOV/UqG7FGLoFRlPj5/fG/dKI="></latexit>

Rω→ω→

out
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 radii ratioπ−π−/π+π+
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๏ -dependence of 
charge difference: 
‣ weak for Rout 
‣ decreases as energy 

increases for Rside, Rlong 

๏ Centrality dependence 
of charge difference:  
‣ weak for Rout and Rside 

‣ visible for Rlong
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<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="eojgCEktiUi1b1OwlkXVmjhCNwc=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEGsiRV0W3LisaB/QxjKZTtuhk0mYmQglFPwVNy4Ucet3uPNvnKRZaOuBuRzOuZd75/gRZ0o7zre1sLi0vLJaWCuub2xubds7uw0VxpLQOgl5KFs+VpQzQeuaaU5bkaQ48Dlt+qPr1G8+UqlYKO71OKJegAeC9RnB2khde78TsYfTrJyl9SQrXbvklJ0MaJ64OSlBjlrX/ur0QhIHVGjCsVJt14m0l2CpGeF0UuzEikaYjPCAtg0VOKDKS7LzJ+jIKD3UD6V5QqNM/T2R4ECpceCbzgDroZr1UvE/rx3r/pWXMBHFmgoyXdSPOdIhSrNAPSYp0XxsCCaSmVsRGWKJiTaJFU0I7uyX50njvOxelCu3lVL1Lo+jAAdwCMfgwiVU4QZqUAcCCTzDK7xZT9aL9W59TFsXrHxmD/7A+vwBu6mUwg==</latexit>

ω→ω→/ω+ω+

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN
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๏ Step 1: Estimate effective third-body charge Zres.ch.   : 

‣ At s          = 3.0 GeV: extract Z         from              
π–π–    pT-spectra ratio by comparing data         

with UrQMD + third-body 

‣ At s          = 3.2–7.7 GeV:  are scaled by 

passing time             (assuming                           ) 

Zeff
res.ch.

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

<latexit sha1_base64="a5LTtpoBHJfC+RatUG2HUhStvHc=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMtCN65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMGnkfveBSEUjcaenMfE4GgkaUoy0kXz7eKDupU6VP+BIjyVPm80s8+2KU3VmgMvELUgFFGj59tdgGOGEE6ExQ0r1XSfWXoqkppiRrDxIFIkRnqAR6RsqECfKS2fpM3hmlCEMI2me0HCm/t5IEVdqygMzmWdUi14u/uf1Ex1eeykVcaKJwPNDYcKgjmBeBRxSSbBmU0MQltRkhXiMJMLaFFY2JbiLX14mnYuqe1mt3dYq9UZRRwmcgFNwDlxwBergBrRAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHemmV5g==</latexit>→
sNN

<latexit sha1_base64="a5LTtpoBHJfC+RatUG2HUhStvHc=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMtCN65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMGnkfveBSEUjcaenMfE4GgkaUoy0kXz7eKDupU6VP+BIjyVPm80s8+2KU3VmgMvELUgFFGj59tdgGOGEE6ExQ0r1XSfWXoqkppiRrDxIFIkRnqAR6RsqECfKS2fpM3hmlCEMI2me0HCm/t5IEVdqygMzmWdUi14u/uf1Ex1eeykVcaKJwPNDYcKgjmBeBRxSSbBmU0MQltRkhXiMJMLaFFY2JbiLX14mnYuqe1mt3dYq9UZRRwmcgFNwDlxwBergBrRAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHemmV5g==</latexit>→
sNN

<latexit sha1_base64="Xk0JeC50dOwgHVF+dRO8fSvYGMY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiHVGirosdOOygn3AdCyZNNOGZpIhyQil9DPcuFDErV/jzr8x085CqwcSDufcy733hAln2rjul1NYWV1b3yhulra2d3b3yvsHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51w3Mj8ziNVmklxbyYJDWI8FCxiBBsr+b2EPZxfZP9Zv1xxq+4c6C/xclKBHM1++bM3kCSNqTCEY619z01MMMXKMMLprNRLNU0wGeMh9S0VOKY6mM5XnqETqwxQJJV9wqC5+rNjimOtJ3FoK2NsRnrZy8T/PD810U0wZSJJDRVkMShKOTISZfejAVOUGD6xBBPF7K6IjLDCxNiUSjYEb/nkv6R9WfWuqrW7WqXeyOMowhEcwyl4cA11uIUmtICAhCd4gVfHOM/Om/O+KC04ec8h/ILz8Q1KvpCf</latexit>

ω→/ω+
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Third-body Coulomb correction
Estimation of effective third-body charge 

C. Shen, B. Schenke, Phys. Rev. C 97, 024907 (2018)

<latexit sha1_base64="CaFwohiKsyX+gfTUEFVMekYj9KA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5JIUZcFF7oqFewDmhAm02k7dDKJMxOhhPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733+BGjUlnWl1FYWl5ZXSuulzY2t7Z3zN29tgxjgUkLhywUXR9JwignLUUVI91IEBT4jHT88WXmd+6JkDTkt2oSETdAQ04HFCOlJc88cuSdUIn0nACpkQiSRiNNHfjzq1yR9knqmWWrak0BF4mdkzLI0fTMT6cf4jggXGGGpOzZVqTcBAlFMSNpyYkliRAeoyHpacpRQKSbTK9J4bFW+nAQCv24glP1d0eCAiknga8rsy3lvJeJ/3m9WA0u3ITyKFaE49mgQcygCmEWDexTQbBiE00QFlTvCvEICYSVDrCkQ7DnT14k7dOqfVat3dTK9XoeRxEcgENQATY4B3VwDZqgBTB4AE/gBbwaj8az8Wa8z0oLRt6zD/7A+PgGF5KcLw==</latexit>→
sNN (GeV)

<latexit sha1_base64="CvgTv7Nbw2UYrVGsu/anm4d9zlY=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1U2ekqMuCG5cV7AM6w5BJM21okhmSjFCG/oEbf8WNC0XcunXn35hpR9DWA4HDOeeSe0+YMKq043xZS8srq2vrpY3y5tb2zq69t99WcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxxd537nnkhFY3GnxwnxORoIGlGMtJEC+8TTKA08jvRQ8iw2UYaSiQerP1LEJ2f4NLArTs2ZAi4StyAVUKAZ2J9eP8YpJ0JjhpTquU6i/QxJTTEjk7KXKpIgPEID0jNUIE6Un03vmcBjo/RhFEvzhIZT9fdEhrhSYx6aZL6lmvdy8T+vl+roys+oSFJNBJ59FKUM6hjm5cA+lQRrNjYEYUnNrhAPkURYmwrLpgR3/uRF0j6vuRe1+m290mgUdZTAITgCVeCCS9AAN6AJWgCDB/AEXsCr9Wg9W2/W+yy6ZBUzB+APrI9vwCqdGA==</latexit>

ωoverlap (fm/c)

<latexit sha1_base64="3BLTJmrgHTuDFEgSFJR9DivsjpA=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5BIUY8FLx4r2A9sY9hsJ+3SzSbsboQSevTiX/HiQRGv/gRv/hs3bQRtfTDweG+GmXlBwqhUjvNllJaWV1bXyuuVjc2t7R1zd68l41QQaJKYxaITYAmMcmgqqhh0EgE4Chi0g9Fl7rfvQUga8xs1TsCL8IDTkBKstOSbh7d+L8JqKKJMgLTJ0J7c/QgQhhPfrDq2M4W1SNyCVFGBhm9+9voxSSPgijAsZdd1EuVlWChKGEwqvVRCgskID6CrKccRSC+bPjKxjrXSt8JY6OLKmqq/JzIcSTmOAt2Z3yjnvVz8z+umKrzwMsqTVAEns0VhyiwVW3kqVp8KIIqNNcFEUH2rRYZYYKJ0dhUdgjv/8iJpndrumV27rlXr9SKOMjpAR+gEuegc1dEVaqAmIugBPaEX9Go8Gs/Gm/E+ay0Zxcw++gPj4xuZ7Jpb</latexit>

Ze!
res.ch.

3.0 3.2 3.5 3.9 4.5 5.2 7.7

10.11 9.14 8.02 6.94 5.80 4.90 3.18

50 45 40 34 29 24 16

<latexit sha1_base64="STsyHh+Vagrui8Pgsxhqkvdnu1o=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWRoi4L3bisYGuhCWEynbRD5xFmJkIJBX/FjQtF3Pod7vwbJ20W2npg4HDuudwzJ04Z1cbzvp3K2vrG5lZ1u7azu7d/4B4e9bTMFCZdLJlU/RhpwqggXUMNI/1UEcRjRh7iSbuYPzwSpakU92aakpCjkaAJxchYKXJPAoOyKODIjBXPpbUylM4it+41vDngKvFLUgclOpH7FQwlzjgRBjOk9cD3UhPmSBmKGZnVgkyTFOEJGpGBpQJxosN8Hn8Gz60yhIlU9gkD5+rvjRxxrac8ts4ip16eFeJ/s0FmkpswpyLNDBF4cSjJGDQSFl3AIVUEGza1BGFFbVaIx0ghbGxjNVuCv/zlVdK7bPhXjeZds95ql3VUwSk4AxfAB9egBW5BB3QBBjl4Bq/gzXlyXpx352NhrTjlzjH4A+fzB1LhlmI=</latexit>ωoverlap
<latexit sha1_base64="S7v2AE97rqn4+7X7zQbJ3oPKx8Q=">AAACJnicbVDLSgMxFM34tr6qLt0Ei+BqmBFRN0KhG5cV7AM7Y8mkd2wwMwlJRijDfI0bf8WNC0XEnZ9i2o7i60DgcM69N/eeSHKmjee9OTOzc/MLi0vLlZXVtfWN6uZWW4tMUWhRwYXqRkQDZym0DDMculIBSSIOneimMfY7t6A0E+mFGUkIE3KdsphRYqzUr55e9oOEmKFKcgXapUO3uPoUII4LHEglpBE4MCT7KhV2JCey6FdrnutNgP8SvyQ1VKLZrz4FA0GzBFJDOdG653vShDlRhlEORSXINEhCb8g19CxNSQI6zCdnFnjPKgMcC2VfavBE/d6Rk0TrURLZyvGe+rc3Fv/zepmJT8KcpTIzkNLpR3HGsT17nBkeMAXU8JElhCpmd8V0SBShxiZbsSH4v0/+S9oHrn/kHp4f1uqNMo4ltIN20T7y0TGqozPURC1E0R16QE/o2bl3Hp0X53VaOuOUPdvoB5z3D3Mgp6U=</latexit>

Ze!
res.ch. → ωoverlap
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Third-body Coulomb correction
Estimation of momentum shift ∆p<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p
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Third-body Coulomb correction
Estimation of momentum shift ∆p

π−

⃗p1

π+Third-
body 

Coulomb 
source

⃗p2
⃗Δp2

⃗Δp1

Zeff
res.ch.

<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p
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Third-body Coulomb correction
Estimation of momentum shift ∆p

π−

⃗p1

π+Third-
body 

Coulomb 
source

⃗p2
⃗Δp2

⃗Δp1

Zeff
res.ch.

<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p

Correct momenta of single-  for     
third-body Coulomb effect: 
• Push  outward:  

• Pull  inward:  

•

π±

π− p′￼1 = p1 + Δp1

π+ p′￼2 = p2 − Δp2⃗Δp ∥ ⃗p<latexit sha1_base64="1/ZjIyLs8bRRfyFUqlwSbVVKH8A=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyWRoh4L9eCxgv2AJpTNdtIu3WzC7qZQQo9e/CtePCji1Z/gzX/jts1BWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b//APjxqqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WBUn/ntMUjFYvGgJwn4ERkIFjJKtJF69ql3C1wTbww0S6bYS4gknAPHudKzy07FmQOvEjcnZZSj0bO/vH5M0wiEppwo1XWdRPsZkZpRDtOSlypICB2RAXQNFSQC5WfzR6b43Ch9HMbSlNB4rv6eyEik1CQKTGdE9FAtezPxP6+b6vDGz5hIUg2CLhaFKcc6xrNUcJ9JoJpPDCFUMnMrpkMTBdUmu5IJwV1+eZW0LivuVaV6Xy3X6nkcRXSCztAFctE1qqE71EBNRNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w82S5oe</latexit>

!ωp → ωp

<latexit sha1_base64="hT5HwWCx2yvMqAJhf6ku1D7UZyA="></latexit>

p→2 = p2 →!p2

<latexit sha1_base64="Y9kToW4uKhviS9V5qsWdn51kGB8="></latexit>

p→1 = p1 +!p1
<latexit sha1_base64="ZgtHx8wOwxFP8PKEoXP/YoJEnY0=">AAACF3icbZDLSgMxFIYz9VbrbdSlm8EiuNBhUtuZuiuI4LKCvcDMWDJp2oZmLiQZoQx9Cze+ihsXirjVnW9jello64HAx/+fk5z8QcKokJb1reVWVtfWN/Kbha3tnd09ff+gKeKUY9LAMYt5O0CCMBqRhqSSkXbCCQoDRlrB8Gritx4IFzSO7uQoIX6I+hHtUYykkjq6mXnTS1zeD/zMMiEsOfDyzDIvHKdStRTYDrTtythL6P35uKMXLdOalrEMcA5FMK96R//yujFOQxJJzJAQLrQS6WeIS4oZGRe8VJAE4SHqE1dhhEIi/Gy60tg4UUrX6MVcnUgaU/X3RIZCIUZhoDpDJAdi0ZuI/3luKntVP6NRkkoS4dlDvZQZMjYmIRldygmWbKQAYU7VrgYeII6wVFEWVAhw8cvL0CyZ0DbLt+Vi7XoeRx4cgWNwCiBwQA3cgDpoAAwewTN4BW/ak/aivWsfs9acNp85BH9K+/wBi46bxQ==</latexit>

ω→

<latexit sha1_base64="dkBVkkY0CHTIaWxKvoq76o2C2ak=">AAACF3icbZDLSsNAFIYnXmu9RV26CRZBUEKiNbW7ggguK9gLJLFMptN26OTCzEQoIW/hxldx40IRt7rzbZykEbT1wMDH/58zc+b3Ikq4MIwvZWFxaXlltbRWXt/Y3NpWd3bbPIwZwi0U0pB1PcgxJQFuCSIo7kYMQ9+juOONLzO/c48ZJ2FwKyYRdn04DMiAICik1FP1xMkvsdnQcxNDrxumZdVPDN3IK4Pzs1rdSp2I3B2nPbXyY2nzYBZQAUU1e+qn0w9R7ONAIAo5t00jEm4CmSCI4rTsxBxHEI3hENsSA+hj7ib5Sql2KJW+NgiZPIHQcvX3RAJ9zie+Jzt9KEZ81svE/zw7FoMLNyFBFAscoOlDg5hqItSykLQ+YRgJOpEAESNyVw2NIINIyCjLMgRz9svz0D7VTUuv3lQrjasijhLYBwfgCJigBhrgGjRBCyDwAJ7AC3hVHpVn5U15n7YuKMXMHvhTysc3Z3qbrg==</latexit>

ω+

<latexit sha1_base64="ZROFce+ENLqK1ACQ8kHENea5R1s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh4LInisYD+gu5Zsmm1Dk2xIskIp/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmTTThDZJylPdibGhnEnatMxy2lGaYhFz2o5HNzO//US1Yal8sGNFI4EHkiWMYOukdqjYY6hEr1zxq/4caJUEOalAjkav/BX2U5IJKi3h2Jhu4CsbTbC2jHA6LYWZoQqTER7QrqMSC2qiyfzcKTpzSh8lqXYlLZqrvycmWBgzFrHrFNgOzbI3E//zuplNrqMJkyqzVJLFoiTjyKZo9jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIll9eJa2LanBZrd3XKvXbPI4inMApnEMAV1CHO2hAEwiM4Ble4c1T3ov37n0sWgtePnMMf+B9/gBXXY+Y</latexit>

ω±
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Third-body Coulomb correction
Estimation of momentum shift ∆p

π−

⃗p1

π+Third-
body 

Coulomb 
source

⃗p2
⃗Δp2

⃗Δp1

Zeff
res.ch.

<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p

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

๏ Step 2: Estimate the momentum shift ∆p needed for correction: 
‣ Add third-body Coulomb into UrQMD using a quantum 

relativistic approach* with the determined Zres.ch.  values 
‣ Find ∆p such that the Rside without third-body are restored

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

Correct momenta of single-  for     
third-body Coulomb effect: 
• Push  outward:  

• Pull  inward:  

•

π±

π− p′￼1 = p1 + Δp1

π+ p′￼2 = p2 − Δp2⃗Δp ∥ ⃗p<latexit sha1_base64="1/ZjIyLs8bRRfyFUqlwSbVVKH8A=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyWRoh4L9eCxgv2AJpTNdtIu3WzC7qZQQo9e/CtePCji1Z/gzX/jts1BWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b//APjxqqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WBUn/ntMUjFYvGgJwn4ERkIFjJKtJF69ql3C1wTbww0S6bYS4gknAPHudKzy07FmQOvEjcnZZSj0bO/vH5M0wiEppwo1XWdRPsZkZpRDtOSlypICB2RAXQNFSQC5WfzR6b43Ch9HMbSlNB4rv6eyEik1CQKTGdE9FAtezPxP6+b6vDGz5hIUg2CLhaFKcc6xrNUcJ9JoJpPDCFUMnMrpkMTBdUmu5IJwV1+eZW0LivuVaV6Xy3X6nkcRXSCztAFctE1qqE71EBNRNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w82S5oe</latexit>

!ωp → ωp

<latexit sha1_base64="hT5HwWCx2yvMqAJhf6ku1D7UZyA="></latexit>

p→2 = p2 →!p2

<latexit sha1_base64="Y9kToW4uKhviS9V5qsWdn51kGB8="></latexit>

p→1 = p1 +!p1
<latexit sha1_base64="ZgtHx8wOwxFP8PKEoXP/YoJEnY0=">AAACF3icbZDLSgMxFIYz9VbrbdSlm8EiuNBhUtuZuiuI4LKCvcDMWDJp2oZmLiQZoQx9Cze+ihsXirjVnW9jello64HAx/+fk5z8QcKokJb1reVWVtfWN/Kbha3tnd09ff+gKeKUY9LAMYt5O0CCMBqRhqSSkXbCCQoDRlrB8Gritx4IFzSO7uQoIX6I+hHtUYykkjq6mXnTS1zeD/zMMiEsOfDyzDIvHKdStRTYDrTtythL6P35uKMXLdOalrEMcA5FMK96R//yujFOQxJJzJAQLrQS6WeIS4oZGRe8VJAE4SHqE1dhhEIi/Gy60tg4UUrX6MVcnUgaU/X3RIZCIUZhoDpDJAdi0ZuI/3luKntVP6NRkkoS4dlDvZQZMjYmIRldygmWbKQAYU7VrgYeII6wVFEWVAhw8cvL0CyZ0DbLt+Vi7XoeRx4cgWNwCiBwQA3cgDpoAAwewTN4BW/ak/aivWsfs9acNp85BH9K+/wBi46bxQ==</latexit>

ω→

<latexit sha1_base64="dkBVkkY0CHTIaWxKvoq76o2C2ak=">AAACF3icbZDLSsNAFIYnXmu9RV26CRZBUEKiNbW7ggguK9gLJLFMptN26OTCzEQoIW/hxldx40IRt7rzbZykEbT1wMDH/58zc+b3Ikq4MIwvZWFxaXlltbRWXt/Y3NpWd3bbPIwZwi0U0pB1PcgxJQFuCSIo7kYMQ9+juOONLzO/c48ZJ2FwKyYRdn04DMiAICik1FP1xMkvsdnQcxNDrxumZdVPDN3IK4Pzs1rdSp2I3B2nPbXyY2nzYBZQAUU1e+qn0w9R7ONAIAo5t00jEm4CmSCI4rTsxBxHEI3hENsSA+hj7ib5Sql2KJW+NgiZPIHQcvX3RAJ9zie+Jzt9KEZ81svE/zw7FoMLNyFBFAscoOlDg5hqItSykLQ+YRgJOpEAESNyVw2NIINIyCjLMgRz9svz0D7VTUuv3lQrjasijhLYBwfgCJigBhrgGjRBCyDwAJ7AC3hVHpVn5U15n7YuKMXMHvhTysc3Z3qbrg==</latexit>

ω+

<latexit sha1_base64="ZROFce+ENLqK1ACQ8kHENea5R1s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh4LInisYD+gu5Zsmm1Dk2xIskIp/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmTTThDZJylPdibGhnEnatMxy2lGaYhFz2o5HNzO//US1Yal8sGNFI4EHkiWMYOukdqjYY6hEr1zxq/4caJUEOalAjkav/BX2U5IJKi3h2Jhu4CsbTbC2jHA6LYWZoQqTER7QrqMSC2qiyfzcKTpzSh8lqXYlLZqrvycmWBgzFrHrFNgOzbI3E//zuplNrqMJkyqzVJLFoiTjyKZo9jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIll9eJa2LanBZrd3XKvXbPI4inMApnEMAV1CHO2hAEwiM4Ble4c1T3ov37n0sWgtePnMMf+B9/gBXXY+Y</latexit>

ω±
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Third-body Coulomb correction
Estimation of momentum shift ∆p

π−

⃗p1

π+Third-
body 

Coulomb 
source

⃗p2
⃗Δp2

⃗Δp1

Zeff
res.ch.

<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p

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

๏ Step 2: Estimate the momentum shift ∆p needed for correction: 
‣ Add third-body Coulomb into UrQMD using a quantum 

relativistic approach* with the determined Zres.ch.  values 
‣ Find ∆p such that the Rside without third-body are restored

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

Correct momenta of single-  for     
third-body Coulomb effect: 
• Push  outward:  

• Pull  inward:  

•

π±

π− p′￼1 = p1 + Δp1

π+ p′￼2 = p2 − Δp2⃗Δp ∥ ⃗p<latexit sha1_base64="1/ZjIyLs8bRRfyFUqlwSbVVKH8A=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyWRoh4L9eCxgv2AJpTNdtIu3WzC7qZQQo9e/CtePCji1Z/gzX/jts1BWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b//APjxqqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WBUn/ntMUjFYvGgJwn4ERkIFjJKtJF69ql3C1wTbww0S6bYS4gknAPHudKzy07FmQOvEjcnZZSj0bO/vH5M0wiEppwo1XWdRPsZkZpRDtOSlypICB2RAXQNFSQC5WfzR6b43Ch9HMbSlNB4rv6eyEik1CQKTGdE9FAtezPxP6+b6vDGz5hIUg2CLhaFKcc6xrNUcJ9JoJpPDCFUMnMrpkMTBdUmu5IJwV1+eZW0LivuVaV6Xy3X6nkcRXSCztAFctE1qqE71EBNRNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w82S5oe</latexit>

!ωp → ωp

<latexit sha1_base64="hT5HwWCx2yvMqAJhf6ku1D7UZyA="></latexit>

p→2 = p2 →!p2

<latexit sha1_base64="Y9kToW4uKhviS9V5qsWdn51kGB8="></latexit>

p→1 = p1 +!p1
<latexit sha1_base64="ZgtHx8wOwxFP8PKEoXP/YoJEnY0=">AAACF3icbZDLSgMxFIYz9VbrbdSlm8EiuNBhUtuZuiuI4LKCvcDMWDJp2oZmLiQZoQx9Cze+ihsXirjVnW9jello64HAx/+fk5z8QcKokJb1reVWVtfWN/Kbha3tnd09ff+gKeKUY9LAMYt5O0CCMBqRhqSSkXbCCQoDRlrB8Gritx4IFzSO7uQoIX6I+hHtUYykkjq6mXnTS1zeD/zMMiEsOfDyzDIvHKdStRTYDrTtythL6P35uKMXLdOalrEMcA5FMK96R//yujFOQxJJzJAQLrQS6WeIS4oZGRe8VJAE4SHqE1dhhEIi/Gy60tg4UUrX6MVcnUgaU/X3RIZCIUZhoDpDJAdi0ZuI/3luKntVP6NRkkoS4dlDvZQZMjYmIRldygmWbKQAYU7VrgYeII6wVFEWVAhw8cvL0CyZ0DbLt+Vi7XoeRx4cgWNwCiBwQA3cgDpoAAwewTN4BW/ak/aivWsfs9acNp85BH9K+/wBi46bxQ==</latexit>

ω→

<latexit sha1_base64="dkBVkkY0CHTIaWxKvoq76o2C2ak=">AAACF3icbZDLSsNAFIYnXmu9RV26CRZBUEKiNbW7ggguK9gLJLFMptN26OTCzEQoIW/hxldx40IRt7rzbZykEbT1wMDH/58zc+b3Ikq4MIwvZWFxaXlltbRWXt/Y3NpWd3bbPIwZwi0U0pB1PcgxJQFuCSIo7kYMQ9+juOONLzO/c48ZJ2FwKyYRdn04DMiAICik1FP1xMkvsdnQcxNDrxumZdVPDN3IK4Pzs1rdSp2I3B2nPbXyY2nzYBZQAUU1e+qn0w9R7ONAIAo5t00jEm4CmSCI4rTsxBxHEI3hENsSA+hj7ib5Sql2KJW+NgiZPIHQcvX3RAJ9zie+Jzt9KEZ81svE/zw7FoMLNyFBFAscoOlDg5hqItSykLQ+YRgJOpEAESNyVw2NIINIyCjLMgRz9svz0D7VTUuv3lQrjasijhLYBwfgCJigBhrgGjRBCyDwAJ7AC3hVHpVn5U15n7YuKMXMHvhTysc3Z3qbrg==</latexit>

ω+

<latexit sha1_base64="ZROFce+ENLqK1ACQ8kHENea5R1s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh4LInisYD+gu5Zsmm1Dk2xIskIp/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmTTThDZJylPdibGhnEnatMxy2lGaYhFz2o5HNzO//US1Yal8sGNFI4EHkiWMYOukdqjYY6hEr1zxq/4caJUEOalAjkav/BX2U5IJKi3h2Jhu4CsbTbC2jHA6LYWZoQqTER7QrqMSC2qiyfzcKTpzSh8lqXYlLZqrvycmWBgzFrHrFNgOzbI3E//zuplNrqMJkyqzVJLFoiTjyKZo9jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIll9eJa2LanBZrd3XKvXbPI4inMApnEMAV1CHO2hAEwiM4Ble4c1T3ov37n0sWgtePnMMf+B9/gBXXY+Y</latexit>

ω±
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]c [MeV/p∆
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 [f
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]
si

de
R

p∆ + 3rd-body +Quantum statistics 

+π+π −π−π

+π+π −π−π

Quantum statistics only

 = 50res.ch.Z = 3 GeV 0-10% NNs Au+Au UrQMD

<latexit sha1_base64="jtweVV2dDhYBDC8wY+qBw7Nj728="></latexit>

!p1
<latexit sha1_base64="vqP0eQT2ueUR3etJl53xoz+pO3Q=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARXMgw09ap3RXqwmUFe4HOMGTStA3NXEgyQhnmQdz4Km5cKOLGheDbmF4EbT0Q+Pj/c5KT348ZFdI0v7Tc2vrG5lZ+u7Czu7d/oB8etUWUcExaOGIR7/pIEEZD0pJUMtKNOUGBz0jHHzemfueecEGj8E5OYuIGaBjSAcVIKsnTy6kzu6THh76bmkbNtGy7dmEa5qymcFmu1uzMuSZMIhh7pczTiz8+XAVrAUWwqKanfzj9CCcBCSVmSIieZcbSTRGXFDOSFZxEkBjhMRqSnsIQBUS46WyvDJ4ppQ8HEVcnlHCm/p5IUSDEJPBVZ4DkSCx7U/E/r5fIwZWb0jBOJAnx/KFBwqCM4DQp2KecYMkmChDmVO0K8QhxhKXKs6BCsJa/vArtkmHZRuW2Uqw3FnHkwQk4BefAAlVQBzegCVoAgwfwBF7Aq/aoPWtv2vu8NactZo7Bn9I+vwHqjZ2H</latexit>

!p2
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Third-body Coulomb correction
Estimation of momentum shift ∆p

π−

⃗p1

π+Third-
body 

Coulomb 
source

⃗p2
⃗Δp2

⃗Δp1

Zeff
res.ch.

<latexit sha1_base64="Lg2OQKK+IEHSKd0jr63KVJQeI+Y=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBDz1WsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUDThLwIzZUIhScoZU6vTuQyGjSL1fcqjsHXSVeTiokR6Nf/uoNYp5GoJBLZkzXcxP0M6ZRcAnTUi81kDA+ZkPoWqpYBMbP5vdO6ZlVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG88TOhkhRB8cWiMJUUYzp7ng6EBo5yYgnjWthbKR8xzTjaiEo2BG/55VXSuqh6V9XL+8tKrZ7HUSQn5JScE49ckxqpkwZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+OIY+v</latexit>

!p

๏ Step 3: Apply ∆p values to experimental data and construct 
correlation functions with corrected momenta

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

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

๏ Step 2: Estimate the momentum shift ∆p needed for correction: 
‣ Add third-body Coulomb into UrQMD using a quantum 

relativistic approach* with the determined Zres.ch.  values 
‣ Find ∆p such that the Rside without third-body are restored

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="OE5NEaY240Bthq2SV/pgJ82V8aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1gJOE+xEdKhEKRtFKnd4tl0hJ0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbQuqt5V9fL+slKr53EU4QRO4Rw8uIYa3EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w+MoI+q</latexit>

!p

<latexit sha1_base64="5hv1V95NGgQvYbdG9A/xpca/BHI=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHQi8cK9gPbGDbbSbt0swm7G6GEHr34V7x4UMSrP8Gb/8ZNG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawaie++17EJLG/EaNE/AiPOA0pAQrLfnm0a3fi7AaiigTIG0ytCd3PwKE4cQ3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBpNyL5WQYDLCA+hqynEE0sumj0ysE630rTAWuriypurviQxHUo6jQHfmN8p5Lxf/87qpCi+9jPIkVcDJbFGYMkvFVp6K1acCiGJjTTARVN9qkSEWmCidXVmH4M6/vEhaZ7Z7blevq5VavYijhA7RMTpFLrpANXSFGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2a05pe</latexit>

Ze!
res.ch.

Correct momenta of single-  for     
third-body Coulomb effect: 
• Push  outward:  

• Pull  inward:  

•

π±

π− p′￼1 = p1 + Δp1

π+ p′￼2 = p2 − Δp2⃗Δp ∥ ⃗p<latexit sha1_base64="1/ZjIyLs8bRRfyFUqlwSbVVKH8A=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyWRoh4L9eCxgv2AJpTNdtIu3WzC7qZQQo9e/CtePCji1Z/gzX/jts1BWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b//APjxqqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WBUn/ntMUjFYvGgJwn4ERkIFjJKtJF69ql3C1wTbww0S6bYS4gknAPHudKzy07FmQOvEjcnZZSj0bO/vH5M0wiEppwo1XWdRPsZkZpRDtOSlypICB2RAXQNFSQC5WfzR6b43Ch9HMbSlNB4rv6eyEik1CQKTGdE9FAtezPxP6+b6vDGz5hIUg2CLhaFKcc6xrNUcJ9JoJpPDCFUMnMrpkMTBdUmu5IJwV1+eZW0LivuVaV6Xy3X6nkcRXSCztAFctE1qqE71EBNRNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w82S5oe</latexit>

!ωp → ωp

<latexit sha1_base64="hT5HwWCx2yvMqAJhf6ku1D7UZyA="></latexit>

p→2 = p2 →!p2

<latexit sha1_base64="Y9kToW4uKhviS9V5qsWdn51kGB8="></latexit>

p→1 = p1 +!p1
<latexit sha1_base64="ZgtHx8wOwxFP8PKEoXP/YoJEnY0=">AAACF3icbZDLSgMxFIYz9VbrbdSlm8EiuNBhUtuZuiuI4LKCvcDMWDJp2oZmLiQZoQx9Cze+ihsXirjVnW9jello64HAx/+fk5z8QcKokJb1reVWVtfWN/Kbha3tnd09ff+gKeKUY9LAMYt5O0CCMBqRhqSSkXbCCQoDRlrB8Gritx4IFzSO7uQoIX6I+hHtUYykkjq6mXnTS1zeD/zMMiEsOfDyzDIvHKdStRTYDrTtythL6P35uKMXLdOalrEMcA5FMK96R//yujFOQxJJzJAQLrQS6WeIS4oZGRe8VJAE4SHqE1dhhEIi/Gy60tg4UUrX6MVcnUgaU/X3RIZCIUZhoDpDJAdi0ZuI/3luKntVP6NRkkoS4dlDvZQZMjYmIRldygmWbKQAYU7VrgYeII6wVFEWVAhw8cvL0CyZ0DbLt+Vi7XoeRx4cgWNwCiBwQA3cgDpoAAwewTN4BW/ak/aivWsfs9acNp85BH9K+/wBi46bxQ==</latexit>

ω→

<latexit sha1_base64="dkBVkkY0CHTIaWxKvoq76o2C2ak=">AAACF3icbZDLSsNAFIYnXmu9RV26CRZBUEKiNbW7ggguK9gLJLFMptN26OTCzEQoIW/hxldx40IRt7rzbZykEbT1wMDH/58zc+b3Ikq4MIwvZWFxaXlltbRWXt/Y3NpWd3bbPIwZwi0U0pB1PcgxJQFuCSIo7kYMQ9+juOONLzO/c48ZJ2FwKyYRdn04DMiAICik1FP1xMkvsdnQcxNDrxumZdVPDN3IK4Pzs1rdSp2I3B2nPbXyY2nzYBZQAUU1e+qn0w9R7ONAIAo5t00jEm4CmSCI4rTsxBxHEI3hENsSA+hj7ib5Sql2KJW+NgiZPIHQcvX3RAJ9zie+Jzt9KEZ81svE/zw7FoMLNyFBFAscoOlDg5hqItSykLQ+YRgJOpEAESNyVw2NIINIyCjLMgRz9svz0D7VTUuv3lQrjasijhLYBwfgCJigBhrgGjRBCyDwAJ7AC3hVHpVn5U15n7YuKMXMHvhTysc3Z3qbrg==</latexit>

ω+

<latexit sha1_base64="ZROFce+ENLqK1ACQ8kHENea5R1s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh4LInisYD+gu5Zsmm1Dk2xIskIp/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmTTThDZJylPdibGhnEnatMxy2lGaYhFz2o5HNzO//US1Yal8sGNFI4EHkiWMYOukdqjYY6hEr1zxq/4caJUEOalAjkav/BX2U5IJKi3h2Jhu4CsbTbC2jHA6LYWZoQqTER7QrqMSC2qiyfzcKTpzSh8lqXYlLZqrvycmWBgzFrHrFNgOzbI3E//zuplNrqMJkyqzVJLFoiTjyKZo9jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIll9eJa2LanBZrd3XKvXbPI4inMApnEMAV1CHO2hAEwiM4Ble4c1T3ov37n0sWgtePnMMf+B9/gBXXY+Y</latexit>
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<latexit sha1_base64="jtweVV2dDhYBDC8wY+qBw7Nj728="></latexit>

!p1
<latexit sha1_base64="vqP0eQT2ueUR3etJl53xoz+pO3Q=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARXMgw09ap3RXqwmUFe4HOMGTStA3NXEgyQhnmQdz4Km5cKOLGheDbmF4EbT0Q+Pj/c5KT348ZFdI0v7Tc2vrG5lZ+u7Czu7d/oB8etUWUcExaOGIR7/pIEEZD0pJUMtKNOUGBz0jHHzemfueecEGj8E5OYuIGaBjSAcVIKsnTy6kzu6THh76bmkbNtGy7dmEa5qymcFmu1uzMuSZMIhh7pczTiz8+XAVrAUWwqKanfzj9CCcBCSVmSIieZcbSTRGXFDOSFZxEkBjhMRqSnsIQBUS46WyvDJ4ppQ8HEVcnlHCm/p5IUSDEJPBVZ4DkSCx7U/E/r5fIwZWb0jBOJAnx/KFBwqCM4DQp2KecYMkmChDmVO0K8QhxhKXKs6BCsJa/vArtkmHZRuW2Uqw3FnHkwQk4BefAAlVQBzegCVoAgwfwBF7Aq/aoPWtv2vu8NactZo7Bn9I+vwHqjZ2H</latexit>

!p2
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Third-body Coulomb corrected radii
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๏ Data corrected for the 
third-body Coulomb: 
‣ small difference between 

π+π+ and π–π–  radii  
small isospin effect, if any 

๏ UrQMD predictions: 
‣ isospin effect is mostly 

pronounced in Rlong 

‣ overpredicts Rlong ratio

→
<latexit sha1_base64="hO5/fJ0WW9N/psaVBXCRgMv3oPQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIsgCGVGirosuOmygn1gO5ZMmmlDM8mQZIQy9C/cuFDErX/jzr8xnc5CWw8kHM65l3vvCWLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Hbud56o0kyKezONqR/hkWAhI9hY6aEfs8eL7BuUK27VzYBWiZeTCuRoDspf/aEkSUSFIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUoEjqv0023iGzqwyRKFU9gmDMvV3R4ojradRYCsjbMZ62ZuL/3m9xIQ3fspEnBgqyGJQmHBkJJqfj4ZMUWL41BJMFLO7IjLGChNjQyrZELzlk1dJ+7LqXVVrd7VKvZHHUYQTOIVz8OAa6tCAJrSAgIBneIU3RzsvzrvzsSgtOHnPMfyB8/kD2kGQaQ==</latexit>

ω+ω+ <latexit sha1_base64="JIK49z6BAJhpiewejq/w25sLvyE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjIjRV0W3HRZwT6wHUsmzbShmWRIMkIZ+hduXCji1r9x59+YTmehrQcSDufcy733BDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjv3O09UaSbFvZnG1I/wSLCQEWys9NCP2eNF9g3KFbfqZkCrxMtJBXI0B+Wv/lCSJKLCEI617nlubPwUK8MIp7NSP9E0xmSCR7RnqcAR1X6abTxDZ1YZolAq+4RBmfq7I8WR1tMosJURNmO97M3F/7xeYsIbP2UiTgwVZDEoTDgyEs3PR0OmKDF8agkmitldERljhYmxIZVsCN7yyaukfVn1rqq1u1ql3sjjKMIJnMI5eHANdWhAE1pAQMAzvMKbo50X5935WJQWnLznGP7A+fwB4FuQbQ==</latexit>

ω→ω→
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Data vs. UrQMD (QS + third-body)
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*R. Lednický, Phys. Part. Nucl. 40, 307 (2009)

๏ As a closure test, add third-
body* to UrQMD with the same 
Z         used for the data 
correction 

๏ UrQMD (QS+third-body) vs. 
data w/o third-body correction: 

‣ reproduces R 

‣ slightly overestimates R

<latexit sha1_base64="2pLYTRnDEbN6UT5GLTYG86J13oU=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5BIUY8FD3qsYFuxjWWznbRLN5uwuxFKyNGLf8WLB0W8+hO8+W/ctBG09cHA470ZZub5MaNSOc6XUVpYXFpeKa9W1tY3NrfM7Z2WjBJBoEkiFokbH0tglENTUcXgJhaAQ59B2x+d5377HoSkEb9W4xi8EA84DSjBSks9c/+21w2xGoowFSBtMrSzux8BgiDrmVXHdiaw5olbkCoq0OiZn91+RJIQuCIMS9lxnVh5KRaKEgZZpZtIiDEZ4QF0NOU4BOmlk0cy61ArfSuIhC6urIn6eyLFoZTj0Ned+Y1y1svF/7xOooIzL6U8ThRwMl0UJMxSkZWnYvWpAKLYWBNMBNW3WmSIBSZKZ1fRIbizL8+T1rHtnti1q1q1flHEUUZ76AAdIRedojq6RA3URAQ9oCf0gl6NR+PZeDPep60lo5jZRX9gfHwDnAeaYg==</latexit>

Ze!
res.ch.

<latexit sha1_base64="msgt+941y4ZBCvTuyXfpakNCJ9I=">AAACInicbVDLSsNAFJ3UV62vqEs3wSIIYk2k+NgVXOiyin1Ak4bJZNoOnUnCzEQoId/ixl9x40JRV4If4yTNQmsPzOVwzr3MvceLKBHSNL+00sLi0vJKebWytr6xuaVv77RFGHOEWyikIe96UGBKAtySRFLcjTiGzKO4442vMr/zgLkgYXAvJxF2GBwGZEAQlEpy9cs712ZQjjhLBPFx2k/siPSP85KezDWP8pK6etWsmTmM/8QqSBUUaLr6h+2HKGY4kIhCIXqWGUkngVwSRHFasWOBI4jGcIh7igaQYeEk+YmpcaAU3xiEXL1AGrn6eyKBTIgJ81RntrGY9TJxnteL5eDCSUgQxRIHaPrRIKaGDI0sL8MnHCNJJ4pAxIna1UAjyCGSKtWKCsGaPfk/aZ/WrLNa/bZebVwXcZTBHtgHh8AC56ABbkATtAACj+AZvII37Ul70d61z2lrSStmdsEfaN8/+9SlMA==</latexit>

Rω→ω→

side /Rω+ω+

side

<latexit sha1_base64="20wFCHxYOttJyccPlOXOTjUnXWk=">AAACInicbVDLSsNAFJ3UV62vqEs3wSIIYk2k+NgVXOiyin1Ak4bJdNIOnUzCzEQoId/ixl9x40JRV4If4yTNQmsPzOVwzr3MvceLKBHSNL+00sLi0vJKebWytr6xuaVv77RFGHOEWyikIe96UGBKGG5JIinuRhzDwKO4442vMr/zgLkgIbuXkwg7ARwy4hMEpZJc/fLOtQMoRzxIaMiGaT+xI9I/zkt6Mtc8ykvq6lWzZuYw/hOrIFVQoOnqH/YgRHGAmUQUCtGzzEg6CeSSIIrTih0LHEE0hkPcU5TBAAsnyU9MjQOlDAw/5OoxaeTq74kEBkJMAk91ZhuLWS8T53m9WPoXTkJYFEvM0PQjP6aGDI0sL2NAOEaSThSBiBO1q4FGkEMkVaoVFYI1e/J/0j6tWWe1+m292rgu4iiDPbAPDoEFzkED3IAmaAEEHsEzeAVv2pP2or1rn9PWklbM7II/0L5/AB+wpUY=</latexit>

Rω→ω→

long /Rω+ω+

long
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๏ We reported identical charged pion femtoscopy measurements in Au+Au collisions from 
STAR at    s      = 3.0–7.7 GeV 

๏ Difference between                  and                   radii: 
‣ decreases as    s      increases for Rside and Rlong; no difference within uncertainties for Rout 

Summary

‣ can be largely described by the third-
body Coulomb effect; isospin effect is 
small within the following assumptions: 
• Point-like third-body Coulomb source 
• Zres.ch. ∝ toverlap 

• Model dependence of Zres.ch.    
estimation at √sNN   = 3.0 GeV
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<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN

<latexit sha1_base64="GIZzP7uxwijCUqc5QEr7P0UcboI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQEcqMFHVZcNNlFfuAdiyZNNOGZjJjkimUod/hxoUibv0Yd/6N6XQW2nrgXg7n3EtujhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76d++0JlYqF4kFPI+oGeCiYzwjWRnLvy72IPV6k7bxfLNkVOwVaJU5GSpCh0S9+9QYhiQMqNOFYqa5jR9pNsNSMcDor9GJFI0zGeEi7hgocUOUm6dEzdGaUAfJDaUpolKq/NxIcKDUNPDMZYD1Sy95c/M/rxtq/cRMmolhTQRYP+TFHOkTzBNCASUo0nxqCiWTmVkRGWGKiTU4FE4Kz/OVV0rqsOFeV6l21VKtnceThBE6hDA5cQw3q0IAmEHiCZ3iFN2tivVjv1sdiNGdlO8fwB9bnD0lfkSo=</latexit>

R(ω+ω+)
<latexit sha1_base64="LlttoFBh1i21pNa72Af7lnDqflg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzHBhWTGEHVJ4oYlGnkkMJJO6UBDpzO2HRIy4TvcuNAYt36MO//GMsxCwZPcm5Nz7k1vjxdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76d++0JlYqF4kFPI+oGeCiYzwjWRnLvy72IPV6k7bxfLNkVOwVaJU5GSpCh0S9+9QYhiQMqNOFYqa5jR9pNsNSMcDor9GJFI0zGeEi7hgocUOUm6dEzdGaUAfJDaUpolKq/NxIcKDUNPDMZYD1Sy95c/M/rxtq/cRMmolhTQRYP+TFHOkTzBNCASUo0nxqCiWTmVkRGWGKiTU4FE4Kz/OVV0rqsOFeV6l21VKtnceThBE6hDA5cQw3q0IAmEHiCZ3iFN2tivVjv1sdiNGdlO8fwB9bnD099kS4=</latexit>

R(ω→ω→)

<latexit sha1_base64="WaAA+96LTq5AfZjWqCzPcS17K3k=">AAACCHicbVBNS8NAEN34WetX1KMHg0XwFBIp6rHgpccK9gPbGDbbSbt0swm7G6GEHL34V7x4UMSrP8Gb/8ZtG0FbHww83pthZl6QMCqV43wZS8srq2vrpY3y5tb2zq65t9+ScSoINEnMYtEJsARGOTQVVQw6iQAcBQzawehq4rfvQUga8xs1TsCL8IDTkBKstOSbR7d+L8JqKKJMgLTJ0M7vfgQIw9w3K47tTGEtErcgFVSg4ZufvX5M0gi4IgxL2XWdRHkZFooSBnm5l0pIMBnhAXQ15TgC6WXTR3LrRCt9K4yFLq6sqfp7IsORlOMo0J2TG+W8NxH/87qpCi+9jPIkVcDJbFGYMkvF1iQVq08FEMXGmmAiqL7VIkMsMFE6u7IOwZ1/eZG0zmz33K5eVyu1ehFHCR2iY3SKXHSBaqiOGqiJCHpAT+gFvRqPxrPxZrzPWpeMYuYA/YHx8Q2cVJpj</latexit>

Ze!
res.ch.

<latexit sha1_base64="MRliW3x8Dd+gpIIogfFdHF2+A+A=">AAACJnicbVDLSgMxFM34rPVVdekmWARXw4yIuhEKblwq2Cp2xiGT3rHBzCQkGaEM8zVu/BU3Lioi7vwU04eirQcCh3Puvbn3xJIzbTzvw5mZnZtfWKwsVZdXVtfWaxubLS1yRaFJBRfqOiYaOMugaZjhcC0VkDTmcBXfnw78qwdQmons0vQkhCm5y1jCKDFWimonN1GQEtNVaaFAu7TrlrffAiRJiQOphDQCB4bkP6XCjuREllGt7rneEHia+GNSR2OcR7V+0BE0TyEzlBOt274nTVgQZRjlUFaDXIMk9J7cQdvSjKSgw2J4Zol3rdLBiVD2ZQYP1d8dBUm17qWxrRzsqSe9gfif185NchwWLJO5gYyOPkpyju3Zg8xwhymghvcsIVQxuyumXaIINTbZqg3Bnzx5mrT2Xf/QPbg4qDfOxnFU0DbaQXvIR0eogc7QOWoiih7RM+qjV+fJeXHenPdR6Ywz7tlCf+B8fgF0oaeq</latexit>

Ze!
res.ch. → ωoverlap

<latexit sha1_base64="H2CPEYq1Yk8Pfl/RSsN4/znW88Q=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCm65KBfuAdhgyaaYNTTJjkhHqMPgrblwo4tb/cOffmGlnoa0HAodz7uWenCBmVGnH+bZWVtfWNzZLW+Xtnd29ffvgsKOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnJ/e4DkYpG4k5PY+JxNBI0pBhpI/n28UDdS50qf8CRHkueNptZ5tsVp+rMAJeJW5AKKNDy7a/BMMIJJ0JjhpTqu06svRRJTTEjWXmQKBIjPEEj0jdUIE6Ul87SZ/DMKEMYRtI8oeFM/b2RIq7UlAdmMs+oFr1c/M/rJzq89lIq4kQTgeeHwoRBHcG8CjikkmDNpoYgLKnJCvEYSYS1KaxsSnAXv7xMOhdV97Jau61V6o2ijhI4AafgHLjgCtRBA7RAG2DwCJ7BK3iznqwX6936mI+uWMXOEfgD6/MHe+qV6w==</latexit>→
sNN


