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Introduction

‘Resonant meson-baryon systems A(1405)

@ Current status:
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Setup
@00

Transition amplitude

O T

@ Chiral Perturbation Theory
dictates the form of the
interaction at low energies

@ Constraints from S matrix
(Unitarity/Analyticity/Crossing)

@ Unitary scattering amplitude
from the Bethe-Salpeter
equation

@ The pole positions are
independent of the particular
reaction. They are universal
property of the resonance.

@ Fit free parameters to
experimental/lattice data

@ Extract complex pole positions
for complex energies
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Setup
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From lattice QCD to infinite-volume quantities

I = 0 fixed, we need 4 channels, two-body quantization condition

Liischer formula in coupled channels (X, KN,nN, K=)
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We only consider the lowest partial-wave s-wave.
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Lattice = NNLO UCHPT
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Setup
ooe

Chiral Unitary models: Potential model

Degrees of freedom: Meson and Baryon octet

@ To relate observables we compute Hohler partial wave
amplitudes fo; (E2)

e Scattering length: f5(my + mg) = aus

@ ¥ ={K p,K°n,n%, 2050 nt¥— x~L+ nA,nL0 Kt=— KO=0}

Partial wave amplitude

T(Ez) =8rExfy, = *V(Ez)m

WT

Vi (V8) = — g AiAi(2Vs — mi—m)
1=

N, qtq?
NLO _ i NLOI _ 5 ~NLO2 [ £ F. 7
Vit°(Vs) FF, (c, 20} <E,E,+3m</‘7>> .

We project to / =0 (X, KN,nN,K=)
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Lattice input

Bulava et al. (PRL 2024)

@ D200 CLS ensemble: Ny =2+ 1 non perturbatively
improved Wilson

@ my ~200MeV, m;L~4.18

+ = L] © Quark fields are
% smeared with
+ stochastic LapH.
t
gk;g | p- T : @ We only consider
< | : b levels below the
o oo +KN ffffffff ! lowest 3-particle
NE threshold 7z
™
; 7777777777777777 . ¢ [)

el



Lattice input

Bulava et al. (PRL 2024)

@ D200 CLS ensemble: Ny =2+ 1 non perturbatively
improved Wilson

@ my ~200MeV, m;L~4.18

B Lattice @ Quark fields are
<1 smeared with
stochastic LapH.
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Experimental data

Cross sections: K~p — {K—p,K°n, moA, mpX0, nt ¥~ n~ ¥t}

%7 H K p
- m K o — 2n | ’2
B O Tl'()A = q / 0 0i
_ ] Wozo !
& E 7t
§O H X' .
3 @ Data are noisy
s
=8 | ‘ @ Number of data
| ‘ } % +§, points are not
_ + ‘E ) ';i %ﬂ J ¥ #'" uniform
S 5 1(50 150 300

Py [l\lev]
Amadeus,SIDDHARTA

o [T A=KN| at /s =1400MeV.

@ Energy shift and width of kaonic hydrogen
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Unitary models

Parameters

@ Propapagator: Subtraction constants:

ary, a}_(rn an/\a ak=

@ Low Energy Constants(LEC.) :
bOabDabFad1ad27d3ad4

Model 1 V = Vi1

@ Fitting parameters (arx,ag,, ann)

MOdel 2: V= VWT+ Vborn

@ Fitting parameters azs, ag,,, ana,

Model 3 V = VWT+ Vbom + VNLO

@ Fitting parameters a;x, ag,,, ana, bo, bp, br, dy,d>, 03, ds
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Results
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Fit to BaSC results
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Results
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Including additional data

Baryon masses

My = mo — 2(bo +2bg) Mz — 4(bo + bp — b )Mz
My = my —2/3(3by — 2bp)M2 — 4/3(3by + 4bp) M2
Ms = mo —2(bg +2bp) M2 — 4(bo )Mz

M= = mg — 2(bg — 2bg M2 — 4(by + bp + be) M2

Fitting mass differences:

My — My (phys.) = mo — 2(bg + 2bF ) (MZ — M5 (phys.)) — 4(bg + bp — b ) (Mg — Mz (phys.

Fitting weighted x2

=

A 2 Na (fa(g)_%a
Kot = SDY 1\ . . with x5=7Y (- ( )A
A((XaNa) =) 5= Na = /N




Results
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Fit results I.
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Fit results II.
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Results
[eJele] )

K=pexp L, | @ rAexp
K~ platt.+exp.fit 2 €18 7Aexp.+lat.fit
K=pexpfit B S| W rAexp.fit
= ok
%
oz
} { ﬂ e 2] —
[ VR R TR R TR T - M L5 L6 147 L M 115 L6 L1 LB
V3[GeV] V5(GeV] V3[GeV]
T30exp. = ox o | m o step
moXexp.+lat.fit = 74X exp.+lat.fit EXR=EEs exp.+lat.fit
o X%exp.fit 3 4 5" exp.fit = | B 7 Stexp.fit
1M 11 136 14T 1l = a4 15 16 147 1l

VA[Ge]




Summary, Outlook
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Summary, Outlook

@ We have fitted lattice and experimental data together to
constrain the parameters of chiral unitary models

Work in Progress

@ Extraction of the resonance poles are ongoing

@ Goal: determine the pole trajectory towards the physical
point
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