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Femtoscopy in RHICs

Pair Correlation Function

C(q) > 1: correlation

C(q) < 1 : anticorrelation




Counts per 4 MeV/c?
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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(q;r) = 30(qr)dis + / drg’~ dg Tif(q',q;v/'3) jo(q'r)
Coulomb 0 (27)3 2w D3,

e oL Off-shell T" matrix ¢ — f




Off-shell T-matrix equation

“Ank?dk  Vi(q', k;/3) Tip(k, q;1/5)
Tif(d'.q;V's) = Vig(d, q;V/'s) + / ST T O e —————
f(q q \/_) f(q q \/_) Z 0 (2m)3 2WH 1 2w (\/g—wH,z — Wyl +in)

Regulator: Form Factor

2 12
/ 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)
+ hy(V, HV , H" Y (u"u") + h5(V, H{u",u"}V, H")
4 iz()(H*“HZT)(X+) — BI(H*"XJFH;‘L) — iL2<H*“HZT><’U,VUU> — iL;;(H*“u”u,,H;T)
— hy(V, H**V, HY (whu”) — hs(V , H** {u", v}V, H),

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

1
Vij(p1,p2, p3,pa) = F[

V2]
Cro

10 L1+ p2)" = (2 = ps)’] = 4CFho + 207

—2C3, (21’12(192 +pa) + ha((p1 - p2)(P3 - pa) + (P1 - Pa) (P2 'Pa)))

1208 (ha(pa - p) + hs (01 p2) (03~ a) + (91 - p) 2 2)) )

—_— 1 s—wave 1 :
L=0 partial wave Vi (o, V) = 5 / dcos Oyt Vig(pr. P2 pa. pa)




Off-shell T matrix

We just need real energies, but let us look into complex
energy plane to pin down possible resonances

X Ank*dk  Viy(q', k;2)Tis(k,q; 2)
(27)? 2wH 2wy (2 —wWHL — W)

Tzf(q’aqv ) Vf 1Q1z)+2/




Off-shell T matrix

Riemann sheet (',',+,+) NENER I EES (-,-,-,+) Riemann sheet (+,+,+,+)

%
Two-pole structure of D, (2300) D,,"(2317) bound state
M.Albadalejo et al. Phys.Lett.B 767 (2017) 465 ; Guo et al. Eur.Phys.|.C79 (2019)13;

O+ +.-0
U. Meissner, Symmetry 12 (2020) 6,981; JMT-R, Symmetry (2022)13 (2021), 8, 1400 below DK™ (not coupled to D;"1")



Scattering lengths

o

0.083 Attractive

M2 1e4

0.253 Attractive
-0.114+i10.693 Attractive
-0.102 Repulsive
0.0033 Attractive
0.0031 Attractive

-0.026+10.083 Repulsive

D% -0.220 Repulsive

0265“2700 s

Rery) 2750,

§
fMey] 800 200

e a > (: attractive
— _ T’” (ml + m2) e a < 0: repulsive/strongly attractive
87T(m1 + m2) 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

Dr'
—— Coulomb
—— strong+Coulomb

Repulsive
Coulomb:
Y0) <1

DK

— Coulomb
—— strong+Coulomb

Extra
repulsion

igelnt VStrong

g = 100 MeV/c

—— Coulomb
— strong+Coulomb

— Coulomb
—— strong+Coulomb

Extra attraction

from Vstrong

Attractive
Coulomb:

Y0)>1

Effect of
resonance and
open channel



strong+Coulomb
Coulomb
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D-meson correlation functions
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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

Dirt
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D* and D * correlation functions

Analogous interactions from Heavy-Quark Spin Symmetry

D*tr~
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Summary

Dtg—

M2 1eq

strong+ Coulomb ———

Femtoscopy CFs from T matrix _ Coulomb

Off-Shell T matrix + Coulomb

2200
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DK~ —DFK-

Depletion due to poles of D;(2300)
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600,
651

R G700

eQ)IM@V] 2750,000 200

6. Review source and weights T 50 100 150 200 250 300 350
q (MeV/c)




v!"( "
g

TROY: T-MATRIX-BASED ‘ng

;_F"" ROUTINE FOR HADRON
"\”\T/_k FEMTOSCOPY ICCUB

Deutsche
Forschungsgemeinschaft

DF

ke 1 ® GOBIERNO MINISTERIO

: ﬁ‘-v DE ESPANA DE CIENCIA
: S E INNOVACION CRC-TR 21

=

HF !




Off-shell T matrix




Off-shell T matrix

D.,(2460) bound state below D*K*




On-shell T-matrix

T=V(1-VvVaG)!

(S,1) z (MeV) On-shell (Montana et al.)

D¢ (2300) (lower pole) 2092.4 +1129.5 2081.9 +186.0
D;(2300) (higher pole) 2647.2 +1264.8 2529.3 + i145.4
0(2317) 2320.2 410 2252.5 410




Off-shell versus On-shell T matrix

Dg(2300) (lower pole) \ 2092.4 +1129.5 2081.9 +186.0
D;;(2300) (higher pole) 2647.2 + 1264.8 2520.3 + i145.4
<0(2317) 2320.2+1i0 2252.5 410

(S.1) z (MeV) On-shell (Montana et al.)

D1(2430) (lower pole) 0,5 2233.6 +1130.8 2222.3 +184.7
D1(2430) (higher pole) 0,1 2719.2 +1330.1 2654.6 +1117.3
D.1(2460) 1, 2464.7 4+ 10 2393.3 410




D meson correlation functions
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D™ - case

strong+Coulomb
Coulomb

ALICE (prelim.) ——e—

50 100 150
g (MeV/c)

Unofficial ALICE data as of July 2023
shows C(q)<I for g > 200 MeV :

a_p(I=3) =0.03 + 0.02 (stat) + 0.01 (syst) fm
a_(I=3) =-0.08 + 0.06 (stat.) + 0.04 (syst) fm
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D™ - case

strong+Coulomb
Coulomb

ALICE (prelim.) ——e—
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Unofficial ALICE data as of July 2023
shows C(q)<I for g > 200 MeV :

a_p(I=3) =0.03 + 0.02 (stat) + 0.01 (syst) fm
a_(I=3) =-0.08 + 0.06 (stat.) + 0.04 (syst) fm

) 50 100 150 200 250 300
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Relativistic Coulomb

We need to correct for the nonrelativistic nature of Coulomb interaction

Vo (0,05 V5) = /2w (p) v/ 2wa(p)VED; 8) VE e (0, 1) V201 (P)V/ 2w2 () VE(D; 5)

o Vs —wi(p) —wa(p)
é(p,S)—QﬂW
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