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Kaon-Deuteron interaction

Meson-baryon chiral interactions

Lop =Tt [B (i) — Mo) B+ g (B fun, BY) + g (B [, B])]

Lowest order + KN scattering data

NLO + KN scattering data + kaonic hydrogen [s state



Kaon-Deuteron interaction

Kaon-deuteron interaction based on
2-body meson-baryon chiral interactions
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction

Ag-q [fm]
Impulse Approx. —0.59 4+12.15
Fixed-Center Approx. —2.06+1il.77

Re Ag-4=—1.44+0.15 (stat) +0 1o (syst) fm

Im Ag—g = +1.34+0.33 (stat) © 0 15 ! (syst) fm



Kaon-Deuteron interaction
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Ag-q [fm]
Impulse Approx. —0.59 +i2.15
Fixed-Center Approx. —2.06+1il.77

Re Ag-4 = —1.44+0.15 (stat) T (syst) fm

Im Ag-4=+1.34 £ 0.33 (stat) fg:% (syst) fm

efs [eV] T, [eV]
Impulse Approx. 791 2063
Fixed-Center Approx. 1040 1106

el =810.9 £ 24.5 (stat) + 2.1 (syst) eV
Y, =812+ 97 (stat) + 33 (syst) eV



Femtoscopy in RHICs

Pair Correlation Function

C'(q) > 1 : attraction

C'(q) < 1 : repulsion




Koonin-Pratt formula

Single-channel KP formula

Pair wave function with CM momentum q

Source function
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K™ d correlation function
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Kaon-Deuteron interaction

Lack of unitarity in the particle-cluster scattering 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

Solved by coherent propagation in
* B.Agatao, P. Brandao, A. Martinez Torres, K. P Khemchandani, L. M.Abreu,

and E. Oset, Eur. Phys. J. C 85, | 136 (2025)

Unitarity not realized at the particle-cluster threshold

Small effect for the deuteron case (binding energy of 2.2 MeV).
Tiny shift in nucleon masses adjust unitary branch point
*) A. Ramos, JMT-R, A. de Fagoaga, E. Cabré, Phys.Rev.D | 13,036020 (2026)




Kaon-Deuteron interaction

Effective range expansion




Kaon-Deuteron interaction

Effective range expansion

FCA (OR model*) FCA (BCN model)

Unitary Factor 0.69 0.62
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction

FCA (OR model*) FCA-UNI R model) FCA-UNIT (BCN model)

Unitary Factor 0.69
Scattering Length [fm] —2.06 +i1.77

Re Ag-4=—1.44+0.15 (stat) +0 1o (syst) fm

Im Ag—g = +1.34+0.33 (stat) © 0 15 ! (syst) fm
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Kaon-Deuteron interaction

FCA (OR model*) FCA-UNI R model) FCA-UNIT (BCN model)
Unitary Factor 0.69
Scattering Length [fm] —2.06 +i1.77

Re Ag-4 = —1.44+0.15 (stat) T (syst) fm

Im Ag-4=+1.34 £ 0.33 (stat) fg:% (syst) fm

FCA (OR model*) FCA-UNIT (OR model) FCA-UNIT (BCN model)
e, [eV] 1040 583 525
4, [eV] 1106 767 958

ed, =810.9 4+ 24.5 (stat) & 2.1 (syst) eV
I'Y, = 8124 97 (stat) + 33 (syst) eV




Kaon-Deuteron interaction

OR model

—— Coulomb
IA
. ALICE arXiv:2602.22833
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction
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Kaon-Deuteron interaction
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K d correlation function

Summary

Kaon-deuteron interaction in FCA provide a good description of ALICE femtoscopy data
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Meson-baryon chiral effective theory

D

Con =T [ B0~ M0) B+ 5 (Br*rs{un BY) + 5 (B2 B)]

D,B=0,B+[,,B =5 (U, Opu] = 5 (w0, ul —{ufr oyu} = ( T9,u — ud,ul)

V2§ _ 6

K° —2

T Kt
el

Ecker, Prog. Part. Nucl. Phys., 35:1-80 (1995), Bernard, Kaiser, MeiB3ner, Int. . 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

Q=-1 K na'2 ", 7 XY
H —
Tr |Biy* [©0,® — (0,9)®, B]] ALy KOS

—Cij Q=0 K p, K, 7°A, 730 778~
Vig = (i) vuu(@) (ki + k;)* —
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Vs:—wa.ve., on-shell _ Cij \/Ej + M‘? E + M (2\/_

N Af: ;| 2M;

Isospin limit:  f; = f; = 1.123 f

E. Oset, A. Ramos, Nucl.Phys.A 635 (1998) 99-120, Hyodo, Jido, Prog. Part. Nucl. Phys. 67(1):55-98 (2012)




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 =630 MeV

E. Oset,A. Ramos, Nucl.Phys.A 635 (1998) 99-120
J.A. Oller, E. Oset, Nucl.Phys.A 620 (1997) 438-456, J.A. Oller, U.G. MeiB3ner, Phys.Lett.B 500 (2001) 263-272




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)
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Kaon-Deuteron interaction

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

Chiral Kp interaction Chiral Kn interaction

Deuteron
Form factor

Argonne AV |8 wave functions
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Kaon-Deuteron interaction

Double scattering approximation Triple scattering approximation

Only 1% contribution
to the K°d amplitude
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Deuterons in RHICs

L. P. Csernai and . |. Kapusta, Phys. Rept. 131,223 (1986); P. Danielewicz and G. F. Bertsch, Nucl. Phys.A 533,712 (1991).,R.
Scheibl and U.W. Heinz, Phys. Rev. C 59, 1585 (1999), A.Andronic, P. Braun-Munzinger, and J. Stachel, Nucl. Phys.A 772, 167
(2006), A.Andronic, P. Braun-Munzinger, K. Redlich, and J. Stachel, Nature 561, 321 (2018),V. Vovchenko et al. Phys. Lett. B
800, 135131 (2020); T. Neidig, et al. Phys. Lett. B 827, 136891 (2022); ]. Rais, H. van Hees and C. Greiner, Phys. Rev.C 106
(2022), 064004...

S. Mréwecezynski and P. Ston, Acta Phys. Polon. B 51, 1739 (2020)

O. Vazquez Doce, D. Mihayloy, L. Fabbietti, Eur. Phys.J.A 61 (2025) 3,53



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, J]MT-R and H. Elfner
Phys.Rev.C 104 (2021) 3,034908
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Correlation function

C(q)=/d3r8(7“)|<1)c(q;r)|2—|-47r/ r2dr S(r Z (20+1) | |z,03(q,r)|2 |<P?(qr)|2}
¢

Complete Coulomb wave function  {-wave strong + Coulomb wf {-wave Coulomb wf
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Two-body approach

The three-body approach to hadron-deuteron correlations changes into the two-body approach if the
three-particle hadron-deuteron wave function factorizes into the deuteron wave-function and the wave func-

tion of a hadron motion relative to the deuteron. The assumption of factorization is less restrictive for the
kaon-deuteron than the proton-deutereon system, as there is no ambiguity which particle should be bound
to the neutron.

Image Credit:
ALICE coll.
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Kaon-Deuteron Correlation Function

We use T-matrix to compute the wave function (Lippmann-Schwinger equation)

> drq'? dq Tir(d'  q:v/'s) jo(q'r)
0 (27)3  2wp,; 2wy i(\/S — whi — Wei +1n)

ol 7) = dolar)dis + /

T(q,q;v's) =T°(Vs) + TC(d', q;V/s)

Total Coulomb wave function and £ =0 partial wave

DC(r, z k) = e TVPL(1 + in)e™ | Fi(—iv; 1;ik(r — 2))

(I)gf(qr) — (qfr)_leigﬂ Fo(v;qr) o] = arg F(l +1+ 3’};)
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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
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Effect of charge-exchange channel

FCA-UNIT (OR model) FCA-UNIT (BCN model)
Unitary Factor 1.00/1.00 1.00/1.00

Scattering Length |f —1.04/-1.12 +1i0.90/0.84 —0.85/—0.93 +i1.07/1.00
cattering Length [fm) / 1090/ / 11.07/ Re A 4= —1.44+0.15 (stat) *0 (syst) fm

Im Ap-4=+1.34 £0.33 (stat) fg?é (syst) fm

FCA-UNIT (OR model) FCA-UNIT (BCN model)

e TeV] 583/607 525 /547

IY. [eV] 767/701 958 /876

el =810.9 £ 24.5 (stat) &= 2.1 (syst) eV
IY =812+ 97 (stat) + 33 (syst) eV
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