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1 82. Pole Structure of the A(1405) Region

82. Pole Structure of the A(1405) Region

Revised Feb. 2025 by T. Hyodo (RCNP, Osaka U.; Tokyo Metropolitan U.) and U.-G. Meifiner
(Bonn U.; FZ Jiilich).

The A(1405) resonance emerges in the meson-baryon scattering amplitude with the strangeness
S = —1 and isospin I = 0. It is the archetype of what is called a dynamically generated resonance,
as pioneered by Dalitz and Tuan [1]. The most powerful and systematic approach for the low-energy
regime of the strong interactions is chiral perturbation theory (ChPT), see e.g. Ref. [2]. A pertur-
bative calculation is, however, not applicable to this sector because of the existence of the A(1405)
just below the KN threshold. In this case, ChPT has to be combined with a non-perturbative re-

S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update
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Motivation - structure of the A(1405) éD\DD

« Considered a KN molecule prior to the quark model Moriya et al., (CLAS) PRC 87, 035206 (2013)

Dalitz & Tuan, PRL 2 (1959) 425

W=2.10 GeV
E, = 1.88 GeV -

» Between 72 & KN thresholds & difficult to reconcile with
a CQM:

do/dm (ub/GeV)

Mass too low compared to N*(1535)

 Large spin orbit splitting to A(1520) o

 Dynamically generated, meson-baryon interactions?

D. Jido, J. A. Oller, E. Oset, A. Ramos, U.G. Meissner. Nucl Phys. A 725: 181 (2003).
Molina & Doring, PRD 94, 056010 & 079901 (2016)

e 2-pole structure in yPT based models

M. Mai, EPJ Spec. Top. (2021) 230, 1593
M. Mai, U.-G. MeiBner, EPJA 51, 30 (2015)

i ofm
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Motivation - A(1405) Lattice QCD
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| « Going towards realistic 7-masses KN

component dominates

= Support for the molecular-like structure of

A(1405)
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Motivation - Experimental requirements

'« Reaction dynamics at low momentum exchange

* (Charged particle identification at forward
angles

j * Reconstruction of mixed charged final states

- yp = KTA(1405) - K*X2" - K™ 3ypr~

" /\(1405)'\'\

X 4
~.-"

BGOOD at the ELSA facility, Bonn
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The BGOOD photoproduction experiment BG(O

BGO Calorimeter (central region) & Forward Spectrometer combination
Spokespersons: T.C. Jude (Bonn) & P. Levi Sandri (Frascati)

o ToF \
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The BGOOD setup at ELSA, Eur. Phys. J. A 56 (2020) 104
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BGOOD - particle identification

— all combinatorics
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Identification of open strangeness final states

- K™ identified in the forward spectrometer, cos 0, > 0.9

» The study of Y * in an extremely low momentum transfer region
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Overview
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vp — KT2V(1385)

N
M. Jena, Masters thesis, Uni Bonn 2024 @Ij«»« :

A. J. C. Figueiredo, PhD thesis (in preparation), Uni Bonn

« K™ identified in the forward spectrometer
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/\ N
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A(1405) line shape measurements

- Atforward K angles: cos 6z, > 0.86:
e 2 peak structure at 1395 & 1425 MeV/ c??
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* Relative amplitudes of “poles” appear to vary
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Comparison — GlueX Results
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A. J. Clara Figueiredo, @\D\‘ﬂ :

yvp —> K +( A(1405) — DI 7[0) PhD thesis (in preparation), Uni Bonn

Event Selection

' A — DT ' ' A — nyz'o:
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L»W ' , oy
Ay i | Ay
&»Pﬂ ) ’ Q, nr’

1 charged track in FS 1 charged track in FS L'
| rY

» 2 charged tracks in BGO + SciRi t { * 0charged tracks in BGO + SciRi

* 3 neutral tracks in BGO |« 5-6 neutral tracks in BGO
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vp — KT(A(1405) — XV7Y)
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Signal + Background
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vp — KT(A(1405) — XV7Y)

A. J. Clara Figueiredo,
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A(1405) line shape extraction — neutral topology
E = 1544MeV - 2096MeV
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A(1405) line shape extraction — neutral topology
E, = 1544MeV - 2096MeV
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A(1405) line shape extraction — charged topology
E, = 1544MeV - 2096MeV
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A(1405) line shape extraction — charged topology
E, = 1544MeV - 2096MeV
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Overview

 Motivation
* The BGOOD experiment at ELSA, Bonn

e yp = KT(A(1405) —» X"77)
e yp —> KT2(1385)
. vp — KT(A(1405) —» X7Y)

« Summary and Outlook

Antonio J. C. Figueiredo, June 18th 2026




Summary

... the story so far

|
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Molecular structure of A(1405) supported by recent developments
in CPT based models and LQCD calculations

BGOOQOD provides low t kinematics

* Sensitive to molecular-like structures
Exploratory analysis on yp — KTA(1405) - KT(X*77)
First measurements of yp — K7X(1385) from threshold at low t
yp — KTA(1405) - KH(Z7Y):

* Total cross section measurement

» Y970 lineshape measurement

« First indication of 2 pole structure at forward K* angles

_a ans e BE T s il e fap 8o -V ELAR A g Tl aE fey &< WO VS ICEIS g SpdE A Al A el am Aze B BN BXL SRSl A Al g Do La 3

. e e <, _ =~ AN o D

Antonio J. C. Figueiredo, Thursday, June 18th

Studies of A(1405) photoproduction at BGOOD

32



Outlook 600}

ToF

\
BGO ball Open Dipole magnet

MOMO Y
z
X Tagger magnet

* Further investigation of 2(1385) flux monitoring

driftchambers

© SciFi

« Ongoing analysis on the 2-pole structure of A(1405)

. Energy dependent A(1405) — X°zY line shape 1l 7 goniometer
e Combination of multiple data sets f”"”"”% —— — = e beam
cen

t
ral detecty, beam dump Tagger ARGUS

I estigation of fh strong interaction
in the light fl lavor sector

@ELSA
In E GHT Polarized target Si-pixel detector Crystal Barrel Magnet PANDA-FWEC-EMC

« ~47 solid angle:

High resolution photon

| measurements
T ——— .\||u|||uu|| :
Precise charged particle
detection
- * Polarised beam & polarised
Tagger-hodoscope Gas Electron Multiplier detectors Straw tube detectors Time of Flight detector 0 COlOI' meets ﬂaVOI'

Contact person: U. Thoma (Bonn)
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