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Femtoscopy in RHICs

Pair Correlation Function

C(q) > 1: correlation

C(q) < 1 : anticorrelation




Koonin-Pratt formula

Koonin-Pratt formula

Wave function connecting initial
channel with observed one

weights related to production mechanism of channels

C'(q) > 1 : attraction

C'(q) < 1 : repulsion




Correlation function

Gaussian source function
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Complete Coulomb wave function

Clg) = / PrS(r) |85 (q:r) + / Amr? drS(r [Zw oula: ) — 18C, (g )P

s-wave strong + Coulomb wf s-wave Coulomb wf



Wave function and scattering T matrix

A Lippmann-Schwinger equation
A9 = E|v) PP g q

ﬁ0|q)> — E|(I))
V) =T|®)

: Free wave func.
Interacting wave func.

strong _ i X Anq'? dqg Tif(q's a5 v/5) Jolq'r)
+ pi(q;7) = Jo(ar)dis + / T(20)7 2w 2y,
Coulomb 70 it =50

e oL Off-shell T" matrix ¢ — f




Off-shell T-matrix equation

Tl V) =V )+ 3 [ Ak Vald ki v/5) Tig (k03 V5)

(27)3 2wm 2wy (VS — whi — wey + 17)

Regulator: Form Factor

2 2
/ q- +q
f(q,q") = exp (— e )

q : on-shell
q': off-shell

A =800 MeV /¢



Heavy-meson effective theory

o = LT + (VEHV HYY —mi (HHY) — (VFH*V H:Y)Y + m%(H* H.T)
+ig(H*u,HY — Hu"HZT) + %(V;uavﬂﬂ’;‘f — VaViuaH et B |
= LNLo — ho(HH ) (x+) + hi(Hx+H') + ho(HH ) (uu,.) + ha(Hutu, HY)
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h;, h; :NLO low-energy constants
Guo et al. Eur. Phys. J.C79, 1,13 (2019)

Kolomeitsey, Lutz Phys.Lett. B582 (2004) 39; Hofmann, Lutz Nucl.Phys.A733 (2004) 142; Guo,
Hanhart. Krewald, Meissner Phys.Lett. B666 (2008) 25|; Geng, Kaiser, Martin-Camalich, Weise
Phys.Rev.D82,05422 (2010); Abreu, Cabrera, Llanes-Estrada, JMT-R. Annals Phys. 326 (2011) 2737...




Heavy-meson effective theory

vij
L rch,

Vii(p1,p2, P3,P4) = F [ 1 [(Pl + p2)* — (p2 — p3) ] — 4053;710 + ZC ' by
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On-shell T-matrix
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Re z (MeV) 2400 0

Two-pole structure of D;(2300) (also D;(2430) in | = 1)

M.Albadalejo et al. Phys.Lett.B 767 (2017) 465 ; Guo et al. Eur.Phys.].C79 (2019)13;
U. Meissner, Symmetry 12 (2020) 6, 981; JMT-R, Symmetry (2022)13 (2021), 8, 1400



Off-shell vs on-shell

D (2430) (lower pole)
D1(2430) (higher pole)

D1(2460)

Off-shell T-matrix
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2307.03640
Maxima of |T| on real axis
Form factor regulator

PRD 102, 096020, 7 (2020)
Poles in complex plane
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Scattering lengths

500 9550

P 100
2600 20 [m - (MeV)

(S,Q) channel a
(particle) [fm]
D°K® 0.071
0.083

0.056
0.253
0.071 +10.065
—0.114 +10.693
—0.102

0.0033
—0.027 +10.084
0.0031
—0.026 +10.083

—0.220

channel a. ar,
(isospin) [fm] [fm]
(< =0) (b =1)

(< =1/2) (> =3/2)
0.072 +i0.066
(lc =k =1/2)
—0.114 +10.694

0.0032
(’) = l< = 1)

(=L =1/2)

e a > (: attractive

e a < 0: repulsive/strongly attractive

e a € C: open channel below



Coulomb interaction

We add truncated Coulomb potential in T-matrix calculation

QY Areqy

r o —pl [1 = cos(|p’ — p|Rc)]

Rc L
VC‘(|p! . pl; RC) _ / d37" ez(p —p)-r
0

S-wave projection:

2TEQ
pp’

VE wave (0P Re)F

{Ci 1" = pIRe] = Ci[(p" + p)Re] + In (;: J_r;) }

We have numerically checked against known Coulomb wave funcs whenV_ . =0

strong



Total wave function
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—— Coulomb
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Coulomb:
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Effect of
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D meson correlation functions

Dtn~
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D. meson correlation functions

Small strong
effect in pion
channels

Strong repulsion
predicted in
D.*K* correlation

R =1 fm and w; = 1 for all channels
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D* and D * correlation functions

Similar shape as functions of momenta: heavy-quark spin symmetry
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Summary

Femtoscopy CFs from T matrix
Off-Shell T matrix + Coulomb

Good agreement with experimental
preliminary data

Depletion due to poles of D;(2300)

Depletion due to poles of D;(2460)

Revise source and weights
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