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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
9de | C(q) < 1 :repulsion




Correlation function

Gaussian source function

4nrr?S(r) (1/fm)

Complete Coulomb wave function

Cla) = [ drs(r) (05 (@) + [ 4mi2 drs(o) [Z wi loiai )P = (96, )]

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



Wave function and scattering T matrix

H|U) = E|T) Lippmann-Schwinger equation

Ho|®) = E|®)
VIV) =T|®)

W) = [0) + ————T'|8)

E — Hy+in

_ Free wave func.
Interacting wave func.

. ] * 4rq'? dq Tif(d',a;:/3) jold'r)
i(q;7) = Jolgr)o; '
pil@iT) = olar)is + ]0 (27)° 2w 2wy

Off-shell T" matrix i — f



Off-shell T-matrix equation

-

(27)* 2w 2wpi (V5 — wh — wou + 1)

X Ank?dk  Vald', ks \/s) Tig(k, q; /s
Tyl /5) = Visld /5 + Y | (4, ks /5) Tig (k. 4 V5)
i 0

Regulator: Form Factor

/. 3
q': off-shell Flg.q) = oxp (_q

A =800 MeV/c



Heavy-meson effective theory

Lro = LEEFT + (VFHV . HYY —m%4 (HHYY — (VFHV  HY) + m& (H* H:)
. * L T I rr*T g * *f * *T\ _praf
+ig{H B — HuPH') + 3mp (VouaVH' — VgViuaHy)e . H — (DO D+ D;I—)
Lnro = LR — ho(HH Y (x4) + hi(Hx+ H' + ho(HH'Y (uPu,) + ha(Hu"u, H') . 0 et et
+ hy(V, HV, HNY ubu?) + hs(V, H{u", u*}V, HY) Hy = (D;’ DY D3}
7 *p T+t 7 * L =y T *p T *T v, g g T 7 *T .
+{L0(H < b Yxye) —hi(H X~+Hu> ho(H /2 b Y(u"u,) — hy(H* u w, H}, ) w, = z(uTE)pu o uaﬂuT)
- h4(V,‘H*°‘V,,H;“)(u“u”) — hs(V H**{u", u”}V,,H(’;J‘),

h;, h; :NLO low-energy constants
Guo et al. Eur. Phys. J.C79, 1,13 (2019)

V2fx

Kolomeitsev, 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

Lt

Vij(p1: D2, p3.ps) = F [ A [(pl +p2)2 — (p2 —p3)2] — 403“'"}10 + 20?111

—2C%, (2]1,2(1)2 - pa) + ha((p1 - p2)(Ps - Pa) + (P1 - Pa) (P2 'P3)))

+2C3 (ha(pz +pa) + D ((p1 - p2)(Ps - 1) + (1 - pa) (P2 - p3)) )]

s-wave partial wave !

Vv (p,p's Vs) 5 d cos Oppr Vij (1, P2, D3, D4)
1



On-shell T-matrix

T=V(1-VG)™"

Two-pole structure of D;(2300) (also D;(2430) inJ = 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

: |

I)
D§(2300) (lower pole) | (0,1/2) D1(2430) (lower pole)
D;(2300) (higher pole) | (0, ' Dy(2430) (higher pole)

(2317) y 32 Dy1(2460)

Off-shell T-matrix

* 2307.03640
¢ Maxima of |T| on real axis

On-shell T-matrix
* Form factor regulator

 PRD102,096020, 7
(2020)

* Poles in complex plane

* Hard cutoff regulator



Scattering lengths

(S.Q)  channel a channel a. a.,
(particle) [fm] (isospin) [fm] [fm]
(-1,00 D°K° 0.071 (I =0) (I =1)
0.083
- 0.056 (I =1/2) (I =3/2)
- P 0.253 0.072 +10.066
: %10:1220023002400 0550 I = (MeV) —— 0.071 +10.065 (le =L =1/2)
L ~0.114 +10.693 —0.114 +10.694
—0.102
3010 ; Dim 0.0033
L ‘ D°K®  —0.027 +i0.084
= Lem Dixt 0.0031
D*K*  —0.026 +i0.083
DKt —0.220 (le =1k =1/2)

2450
2500 2550 o P 50100 )
Re z (MeV) 600 Im z (MeV)

e a > (: attractive

e a < 0: repulsive/strongly attractive

e a € C: open channel below




Coulomb interaction

1

We add truncated Coulomb potential in T-matrix calculation Q= iﬁ

Adreqy

=iy —pP [1 = cos(|p’ — p|Rc)]

s-wave projection:

2TEQ

. / ’_I_
VE el 7 RN o { Cill = piRe] = Gl + pRe] +1n (L)}

pp’

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



Total wave function

Repulsive
Coulomb:
Y0)<1

Extra
repulsion

from
\

strong

Dr
—— Coulomb
—— strong+Coulomb

—— Coulomb
—— strong+Coulomb

g = 100 MeV /c

—— Coulomb
—— strong+Coulomb

Extra
attraction

from
\

strong

Attractive
Coulomb:

Y0 >1

Effect of
resonance
and open
channel



D meson correlation functions

D~

strong+Coulomb ———

Coulomb

ALICE (prelim.) +—e—i
strong+Coulomb ——

Coulomb
ALICE (prelim.) +——e—

Strong ‘ 100 150 200 250 300 350
repulsion in
like-sign
correlations Extra
attraction in
strong+Coulomb —— . c
Coulomb unlike-sign

ALICE (prelim.) +—e— correlations

0 50 100 150 200 250 300 350
q ( )

R =1 fm and w; = 1 for all channels



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

Dfrt

strong+Coulomb ———
Coulomb

50 100 150 200 250 300 350
q (MeV/¢)

DfK+

strong+Coulomb ———
Coulomb

50 100 150 200 250 300 350
q (MeV/e)

+ —
Dim

strong+Coulomb ——
Coulomb

50 100 150 200 250 300 350
q (MeV /c)

strong+ Coulomb
Coulomb

50/ 100 150 200 250 300 350

Cusps
due to
kinematic
threshold



D* and D_* correlation functions

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

strong+Coulomb ———
Coulomb

100 150 200 250 300 350
q (MeV/c)

strong+Coulomb ——
Coulomb

100 150 200 250 300 350
q (MeV/e)

D*tr—

strong+Coulomb —— - Dgtat
Coulomb

strong+Coulomb ——
Coulomb

100 150 200 250 300 350
q (MeV/e)

DKt

strong+Coulomb ———
Coulomb

50 100 150 200 250 300 350 50 100 150 200 250 300 350
q (MeV/c) q (MeV/e)

4, —
D

strong+Coulomb ——
Coulomb

50 100 150 200 250 300 350
q (MeV/c)

DK~

strong+Coulomb ———
Coulomb

50 100 150 200 250 300 350

q (MeV/c)



Summary

D r~

|. Femtoscopy CFs from T matrix ' strong-+ Coulomb ———

Coulomb
ALICE (prelim.) —e—s

2. Off-Shell T matrix + Coulomb

3. Good agreement with experimental 50 100 150 200 250
q (MeV/e)

preliminary data

4. Depletion due to poles of
Dy(2300)
5. Depletion due to poles of

D3 (2460)

strong+ Coulomb
Coulomb

P00
2450 s

=100

500 _
2550 9600° 90 Iy = (MeV)

Re z (MeV)

6. Revise source and weights

100150 200 250 300 350
q (MeV/c)
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