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I Light Hadrons accessible with meson beams
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https://inspirehep.net/literature/1221750
https://arxiv.org/abs/2010.00056
https://inspirehep.net/literature/1629169
https://inspirehep.net/literature/1395982
https://inspirehep.net/literature/625798
https://inspirehep.net/literature/1346414

I Excited Baryons - Models

How many are there? — Mmissing resonance problem)
What are they? - 2-quark/3-quark, hadron molecules, ...
A(1405)

h KN, 7%

‘GD‘ or/and ‘GD‘ N ‘
u

y\

Hadronic molecule [Mai

J

Faddeev Eq. / DSE (Binosi, Cloet, Chang, Roberts)


https://arxiv.org/abs/2010.00056

Using ONLY meson-baryon degrees of freedom (no explicit quark dynamics):

Manifestly gauge invariant approach based on full BSE solution

[Ruic, M. Mai, U.-G. Meissner PLB 704 (2011)]
f,,,@?ggginvarianée
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Results in dynamical quark picture

[parts of slide courtesy of G. Eichmann, Few Body 2018]

Poincaré-covariant analysis of heavy-quark baryons, Qin, Roberts, Schmidt, PRD (2018)
Spectrum of light- and heavy-baryons, Qin, Roberts, Schmidt, Few Body Syst. 60 (2019)
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I Electroproduction reveals resonance structure

N .
"Y*

Mai] T .
Proton-Roper Transition [Burkert


https://inspirehep.net/literature/1629169
https://inspirehep.net/literature/1858400

Photoproduction experiments

(Jlab, Mami, Elsa,...)




Resonances or not?



I Baryons in photoproduction

a (N )
~yON = {nN, KA, KX, wN, 6N, ...
TN, TN, ...

\ ) J
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AID Data Base @ GW: h
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New:
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https://gwdac.phys.gwu.edu/
https://jbw.phys.gwu.edu/
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PDG Changes

* Changes from one PDG
edition to another

* New states in red
* Upgrade existing states

e Removal older & lower
rated states

* All changes come from

Partial-wave analysis
(PWA) of photon-
induced reactions.

Table from [Crede]


https://inspirehep.net/literature/1221750

I The role of meson beams in baryon spectroscopy

(Non-strange, light baryon sector)

e Pion-induced reactions e Photon-induced reactions
( N p
m TN
\7T7TN,7T77N,... \7T7TN,7T77N,...
Data! TN TN
nN, KA, K < <{nN, KA, KY
nnN, N, ... mn N, N, ...
e Two complex amplitudes » Final-state interaction as sub-process
(g.h) « Four (photo) or six (electro)

complex amplitudes (CGNL, ...)

Photon-induced reactions have more d.o.f. and their analysis depends on
meson-induced reaction data (except complete experiment).
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I Data

[Inconsistencies J
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I Data: 1 production

T D —Nn .
D—1 (o Large consistent data)
sets
* Many different
e Inconsistencies \_ polarization data J

* No polarization
data
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Example of recent improvements

Goal: Reduction of systematic uncertainties/ large body of consistent data

EPECUR experiment [Alekseev 2015] (blue) compared to
previous measurements (black)



https://inspirehep.net/literature/1323450

K-Long Facility

* Hyperon spectroscopy: Increased

activity and analyses by
A(1405)

e Kent state group,
« JPAC,
* Bonn-Gatchina,

« ANL-Osaka,...
From: [Mai]

» Strange meson spectroscopy

* Broader physics scope [Proposal]

* To accomplish physics program, 200 days running is approved


https://inspirehep.net/literature/1812390
https://inspirehep.net/literature/1820593

Example: Broad scalar resonances

Slide:
[M. Amaryan]



https://www.jlab.org/conference/jluo2021/program

(KLF:) Projected precision

K;(700) (k)

Adhikari, Amaryan,
[Analysis note]



https://wiki.jlab.org/klproject/images/2/20/Meson.pdf

Light unflavored mesons- lattice QCD

» Extensive work on 2-body
coupled channel resonances from
lattice QCD (HadSpec collaboration,
fo(500)(0) BGR group, Bonn group, ...) [Briceno

* Calculations on three-body systems
starting to emerge [Hansen| [Mal]



https://inspirehep.net/literature/1606083
https://inspirehep.net/literature/1711970
https://inspirehep.net/literature/1849284

Chiral trajectories in lattice QCD

* A lattice calculation at M_=227 MeV and 315 MeV [GwQCD, 1803.02897]
* 0 becomes a (virtual) bound state @ M = (345) 415 MeV

\
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https://inspirehep.net/literature/1659102

Extraction of a,(1260) from lattice QCD

[Mai/GWQCD)]
o First extraction of three-body resonance from 15t principles

(including explicit three-body dynamics).

[MM]


https://inspirehep.net/literature/1879418

Summary

* Meson beams benefit baryon spectroscopy:
* Directly: they induce the most elementary reactions

* Indirectly: they are needed for the final-state interaction of photo-induced
reactions

* Non-strange & hyperon spectroscopy: complementary to photon-induced
reactions

* Meson beams benefit spectroscopy and amplitude analysis of light
mesons (highlight: broad scalar resonances)

* Many more aspects (not discussed):
» Low-energy precision pion-nucleon physics
* Inverse pion electroproduction

e Glueballs,...
* Implementation at EIC: Initial ideas exist, see references in [preprint]

 See analysis notes/white paper/ proposal for experimental aspects


https://inspirehep.net/literature/1906549

Spare slides



I Hadronic resonances as poles

* Defining resonances as poles in amplitudes at complex energies
provides meaningful definition
* Real part of pole position 4= Mass
« 2x Imaginary part of pole position <= Width

* Pole residue 4= Branching ratio into different channels because
amplitudes factorize at poles

» Analytic structure
e Red:|Real thresholds
e Blue: sub-channel thres.
* Why is Roper double?
* What happens below

threshold? j

2z = E = W = scattering energy
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Right-hand and left-hand cuts

* Pole positions of wide resonances might be distorted if “left-hand
cut” is not taken properly into account (and: analyticity in s, not v/s )

[Figure: J. R. Pelaez]

 Build in crossing symmetry manifestly through Roy-(like equations)
Peldez

™ ™

T T vantage: w7 scattering
™
)

in u-channel is still ™™
7w N : [Hoferichter]



https://arxiv.org/abs/1510.00653
https://inspirehep.net/literature/1399197

[Figure & formulas:

I ROY('Iike) eq uations J. R. Peldez] [Gribov]

Unphysical
region

[ o | D

Crossing relations: L [ O

nly physical
| || e
o

§ <> u crossing I
[ Partial-wave] [Roy_Eq
)

expansion

Coupled partial waves


https://arxiv.org/pdf/1510.00653.pdf
https://arxiv.org/pdf/1510.00653.pdf
https://www.doi.org/10.1017/CBO9780511534942

JBW DCC approach (Jﬁlich-Bonn-Washington)



JBW DCC approach (Jﬁlich-Bonn-Washington)



JBW DCC approach (Jﬁlich-Bonn-Washington)



Workflow: Resonance Couplings

[D. Roenchen, M. D., U.-G. Meil3ner, EPJ A 54, 110 (2018)



3. Three-body systems

Light mesons

Important channel in GlueX @ Jlab: hybrids and
exotics
Finite volume spectrum from lattice QCD:

Lang (2014), Woss [HadronSpectrum] (2018)

Horz (2019), Culver (2020), Fischer (2020),
Hansen (2020),...

Light baryons

n ~~
N .
N .
. .
. .
. .

N*(1440)1/2

N

* Roper resonance is debated for ~50 years in
experiment. Can only be seen in PWA.
¢ 1stcalculation w. meson-baryon operators on

the lattice: Lang et al. (2017)
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I Extraction of a,(1260) from IQCD  i:/cwaco)

ﬁBranching ratios” in 3h
decays are momentum

dependent, complex

|Q(|:D pole residues
poles

[Sadasivan]

Review 2B-lattice:

Briceno

Reviews 3B-lattice:
[Hansen] [Mai]

n \_ Y



https://inspirehep.net/literature/1879418
https://inspirehep.net/literature/1782971
https://inspirehep.net/literature/1606083
https://inspirehep.net/literature/1711970
https://inspirehep.net/literature/1849284
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