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This talk summarizes our first approach to
3-body hadron dynamics
using chiral effective interactions:

KAON-DEUTERON
CORRELATION FUNCTION
FROM AN EFT APPROACH
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Meson-baryon chiral effective theory

Ecker, Prog. Part. Nucl. Phys., 35:1-80 (1995), Bernard, Kaiser, Meif3ner, Int. J. Mod. Phys. E, 4:193-346 (1995),
Oset, Ramos, Nucl.Phys.A 635 (1998) 99-120, Hyodo, Jido, Prog. Part. Nucl. Phys. 67(1):55-98 (2012)




Meson-baryon chiral effective theory
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T-matrix equation with on-shell factorization

7 ~
7 ~
s

tiy = Vij + ) _ VaGity; \\/f = \\/{ +W
l // \\ ,/ ‘.ﬁ“ -".' '\\

[ d'g 2M, ! —
GEU‘D)_z/(%)'ﬂ1 (P —q)? — M? +ic ¢ —m} +ic t=[1-VG v

Dimensional regularization for loop functions at u=630 MeV

E. Oset, A. Ramos, Nucl.Phys.A 635 (1998) 99-120
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T matrices for (elastic) K " p and K™ n

---- K~ p threshold ---- K~ n threshold
—-—- K%n threshold

K p—-K™p

1400 1450 1500 1550 1350 1400 1450 1500 1550

Vs (MeV) Vs (MeV)

A(1405) resonance below K- p threshold (but above 1Y)



Kaon-Deuteron interaction

Deuteron
Form factor

Tra(k' k) = [t,(K k) + t, (K, k)] Fa(Q)

Chiral Kp interaction Chiral Kn interaction
Argonne AV |8 wave functions



Kaon-Deuteron interaction

Double scattering approximation Triple scattering approximation

Only 1% contribution
to the K°d amplitude



Kaon-Deuteron interaction
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction

There are unitarity concerns in FCA raised by

* P.Encarnacion,A. Feijoo,and E. Oset, Phys. Rev.D |11, 114023 (2025), \
* N.lkeno and E. Oset, Phys.Rev D || (2025) 114023

in the particle-cluster scattering. It was solved in

e B.Agatao, P. Brandao,A. Martinez Torres, K. P. Khemchandani, L. M. Abreu, +/
and E. Oset, Eur. Phys. . C 85, 1136 (2025) - IN

Unitarity condition not fully realized at the particle-cluster
threshold, but only at the 3-particle threshold. /

In the deuteron case this effect is small (binding energy only of 2.2 MeV), but fixing this
would fulfill exact unitarity, and (perhaps) improve the real part of amplitudes




Deuterons in RHICs
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(2022), 064004...
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Deuterons in RHICs

Time evolution of deuteron yield in Au Au collisions at s'2 =7.7 GeV

0-10 %, |y| < 0.5

with d at particlization —— 3-to-2
without d at particlization —— 2-to-2
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J. Staudenmaier, D. Oliinychenko, JMT-R and H. Elfner
Phys.Rev.C 104 (2021) 3,034908



Femtoscopy in RHICs

Pair Correlation Function

C'(q) > 1 : attraction

C'(q) < 1 : repulsion

_ Mm2p1 — Mmip2
miy + ma



Koonin-Pratt formula

Single-channel KP formula

Pair wave function with CM momentum q

Source function
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Correlation function
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Complete Coulomb wave function  {-wave strong + Coulomb wf {-wave Coulomb wf



Kaon-Deuteron Correlation Function

We use T-matrix to compute the wave function (Lippmann-Schwinger equation)
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Total Coulomb wave function and £ =0 partial wave
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K™ d correlation function

—— Coulomb
— 1A
Faddeev (FCA)
e  W. Rzesa thesis (2024)
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K d correlation function
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K

K'd . :
r.=1.35fm (R =191 tm)

e ALICE, PRX 14, 031051 (2024)
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d correlation function

Next steps:

Unitarity. Break-up, recombination, rearrangement
processes in Faddeev equations.

Implementation into TROY

T-matrix-based Routine for hadrOn femtoscopy
Coulomb - strong crossed terms

Higher partial waves

Tackle 3-body femtoscopy
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Kaon-Deuteron interaction

Ag—q [fm] Ag+q |fm]
(v's = 2369.290 MeV) (/s = 2369.290 MeV)
IA —0.59 +12.15 —0.47
FCA —2.06 +11.77 —0.43

2063 ____Kaonic Deuterium Results
626

ED
e1s = Egplys — Efpﬁls = 7021.9 — 7834.0 = —812.1 + 29.8(stat) + 2.1(syst) eV

Is = 787 + 126(stat) + 33(syst) eV



ALICE results in PbPb collisions

Coulomb
IA
Faddeev (FCA)
. FCA,
- LL (with A[-:'d )
W. Rzesa thesis (2024)
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Asymptotic part of the wave function



