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==z Jr The A(1405) baryon: a brief history

1 A(1405) in a nutshell

Chiral dynamics SIDDHARTA at
Theoretical Bag model & Chiral approach on DA®NE 1st Lattice coupled-
Prediction Sym. Meson-Baryon coupled-channel Det. Scattering channel study of the
(Kp-12) comp. of A(1405) Kaiser et al., NPA 594 length Kp A(1405)
Dalitz & Tuan, PRL 2 Veit et al., PLB137 (1984) 415 (1995) 325 Bazzi et al., PLB 704 Bulava et al., PRL (submitted)

Oset & Ramos, NPA 635
(1997) 99

1959 1984-1386 1995-19597 2011 2023

1961 1930 2003 2013-2014

(1959) 425 Jennings, PLB 176 (1986) 229 011)113 Bulava et al., PRD (submitted)

Experimental evidence of First time two- Lattice: A(1405) does CLAS Collab at JLAB
res., mass spectrum poles picture not fit conventional Angular depend. study &
Alston et al., PRL 6 (1961) 698 Fink i:gaolqukzco‘” quark model Spin and Parity

a )27 Nemoto et al., PRD 68 (2003) Moriya et al., PRC 87 (2013) 035206
094505 Moriya et al., PRL 112 (2014) 082004

Disclaimer: Many other studies contributing to the theoretical development are not listed here.
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==z Jr The A(1405) baryon: the controversy

1 A(1405) in a nutshell

Two-Pole picture One-Pole picture
Oller & Meil3ner, PLB 500 : A Isgur & Karl, PRD 18
(2001) 263 : \,}00\ (1978) 4187
S )
Roca & Oset, PRC 88 \/&d’obp Aikawa et al., PLB 837
(2013) 055206 é‘d \00 (2023) 137637
N o
Mai & MeiBner, EPJA 51 JECHRS
o< &
(2015) 30 %§§§§' A
p &
Scheluchin et al., PLB 833 @ 4'\6\ o\"n’
(2022) 137375 ‘£§PQ§5’

Wickramaarachchi et al.,
EPJ 271 (2022) 07005

Acharya et al., EPJC 83
(2023) 340
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=B Why Lattice?

2 Lattice approach

Why is Lattice QCD an important approach to face the controversial A(1405)?

e Allows for predictions once the quark masses and the coupling
are fixed.

e Facilitates exploration of the elastic 73 scattering amplitude
below the KN threshold.

e Study of the resulting motion of the poles under variation of the
u-, d-, and s-quark masses.

% Implementation of Liischer’s Formalism to study scattering amplitudes.
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== Recipe for scattering amplitudes

2 Lattice approach

1. Calculate correlation functions for the quantum numbers of interest:

’ A(1405) —» I(J*)=0(3 ) S=-—1 [isospin, spin, parity, strangeness] ‘

2. Extract energy spectrum from lattice data (finite-volume energy spectra).
3. Implement the Liischer formalism.
M. Liischer, NPB 354 (1991) 53, M. Liischer, NPB 364 (1991) 237; and extensions.

— Im®) ls
—_— E1. —~

—1 . ~
__ det {K+F } ~0 X —t
— & Quantization Scattfr'lng

i, matrix

condition Pole
Discrete energy Positions

spectra
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=B Lattice details

Correlation functions

a[fm] (L/a)® x (T/a) m, mg
0.0633(4)(6) 643 x 128 ~ 200 MeV | =~ 487 MeV

Details of the D200 ensemble generated by the Coordinated Lattice
Simulations consortium (CLS). (a : lattice spacing; L, T : lattice extent)

» Correlation matrices » Operators
— Stochastic LapH method (sLaph). — Single and two hadron operators:
Peardon et al., PRD 80 (2009) 054506 % A[P]
[Original distillation] x 7[P1] S[Py]
Morningstar et al., PRD 83 (2011) 114505 % I_([ﬁﬂ N[ﬁg}
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==I Hadrons in the Lattice

Correlation functions

,//
Single hadron operator in Multihadron operators in
the Latice (A). the Lattice (7% and KN).

C(t) = (01(1)02(0)) = > Ape ™
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== Single hadrons energy determination

Finite-volume energy spectra

0.150 ® e it y2/dof = 1.22 § singleexp
it limit T twoexp
1 data o geometric
0.125{
&
§
0.100 -
*
0.075 .,
s> T
0 10 20 30 40 5 10 15 20

t/a tmin/a

Single hadrons results: 7 effective mass and variety of fits to Lattice data using different
values of tmin.

Bulava et al., PRL (2023) [submitted] [arXiv:2307.10413]
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== Multi-hadron energy spectra determination

Finite-volume energy spectra

72 threshold

0.45 e
¢
3 0.44
3
0.43 } 9 single-exp. N(0)K(0) ratio
} g single-exp. 3(0)7(0) ratio
& two-exponential
0.42 ¥ geometric
10 15 20
tmin/ a

Multihadron results: Variety of fit forms to lattice data vs tmi, in the energy laboratory
frame. (Lowest level of the G14(0) irrep)

Bulava et al., PRL (2023) [submitted] [arXiv: 2307.13471]
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== Liischer Formalism

Scattering amplitude analysis

8.25 }

8.00 } 1 % }{

| N o
g . L& & 5
2750 # }{ A Finite-volume
S ) II i energy spectra

7.25 .

Tt i 1
7.00
----------- T
6.75 i t !

Gul0) Gul0) Gi() Gal) GR) FRB) AB) GE)

det | (Krzoms Kamor) | F_L(E,, P L) 0 __ Quantization
K K 0 Fol(En, P 1) condition

KN—73 Kf(N—>f(N
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Parametrization of
K-matrix and inverse

S;ZKU = Aij + BijAﬂE

mak ' = Ay + BjAny

AWZ =

E2 — (my +my)?

(m, +my)?

Distance to 73 threshold
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Scattering amplitude determination

Scattering amplitude analysis

7.8 $  input data
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E 5 ][ Scattering amplitude analysis

Analytic structure of Scattering amplitude
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my —ms)/mx

Re (Eew —
Scattering amplitude results Preferred parametrization of
the scattering amplitude

based on different parametrizations
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Main results: Two-poles!

3 The current contribution

Lo} =
KN - KN
0.5
0.0
0.0 =
Virtual state >
—0.1 Resonance
0.0 0.2 0.4 0.6 0.8

Barbara Cid-Mora

Re (E('m — Mg — mE)/mW

Virtual bound state
E1 = 1392(9)stat(2) mode1 (16)MeV

(1)
22712) - 1'9(4)stat (6)model
KN
Resonance

Ey = [1455(13)stat(2)modet (17)a
—i11.5(4.4)stat(4.0)moqe1(0.1)a | MeV

(2)
Crs
2
Crn

= 0.53(9)stat(10)model
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== Two poles were found!

4 Summary

First Lattice QCD study of coupled-channel 7% — KN in the A(1405) region.
Every parametrization used found two poles in this region.
— NOTE: These parametrizations could accommodate zero, one or two poles.

Our results show qualitative agreement with phenomenological extractions
* See PDG, section 83
Our results:
Lower Pole:  E; = 1392(9)stat(2)model (16)a MeV

Higher Pole: Eo = [1455(13)stat(2)model (17)a — i11.5(4.4)stat (4.0)mode1 (0.1)a] MeV

Reference Results: Re E; = 1325 — 1380 MeV  Re Ey = 1421 — 1434 MeV

Future work:
- Explore the quark masses dependence of the poles.
- Study lattices with a closer to physical m...
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