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Characterization of hadrons

: [PRD 32, 189 (1985)]
GeV A
GeV
2.80F
2.401
S0 2°p,(2.15)
-
: 3%s,(2.00)
e ._2:-_—_5““'88)_—_ 23py(1.82)
| 3p(2.03, 2'p, (1.78) 2%Ry(1.78) ——
2.00F ®p,(1.88) SRS e = kel
T 2'p(178) 2%R(78) 2R 182 .60 z‘s.(|.454
2's(1.63) 2'8169) [e'égn30y 1. (1.24)
| 60 0,(1.66) 3 A I'py(1.22) AP
Li (144) 235(1.46) | P11-4T) I’Po(l.as)w [.20 7 13Po(1.09)
i,(1.22) 1P (.24
1.20 " W/fﬂ%u.om 0.80F AL
1'S(0.96) 4t iirte
0.80F  wammiow 0.40}
I's4(0.52) [ 80.45)
| 1 1 ! . . L L 2
0.40 O._+ |_— l#— O++ ‘ O I I O l
Meson Predicted rg? (fm?) Decay
rt + (0.66) p—TY
K+ + (0.59)? e

e Couplings to hadronic decay channels

e Couplings to electroweak currents
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Characterization of hadrons

- [PRD 32 [PRD 88, 094505 (2013)]
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e Couplings to hadronic decay channels

Characterization of hadrons
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Structure of resonances

p p

+ Magnetic Moment of A dominated by model unc.
[PRC 64, 065202 (2001), PRL 89, 272001 (2002)]

+ Beam spin asymmetry ep scattering.
[PRD 96, 113010 (2017)]

INT-20R-2C - Seattle, WA
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+ Chiral EFT calculation of p FFs.
[PL B 730, 115-121 (2014)]

+ Lattice calculations
[PRD 91, 114501 (2015), PRD 75, 094504 (2007)]

+From ete- BaBar data.
[Int. J. Mod. Phys. A 30, 1550114 (2015)]
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Transition amplitudes with multi-hadron states
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[PRD103 11, 114512 (2021)] FO, etal [PRD105 11, 11 (2022)] FO, etal.
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http://arxiv.org/abs/2012.13338
https://arxiv.org/abs/2202.02284

On-shell decomposition of amplitudes
Example: two-to-two scattering

d*k

IM(p',p) = iKo(¥, p) +/ tM(p', k)il (k)iAq (P — k)iKo(k, p)

(2m)*

LD 8-

Non-analytic contributions:
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On-shell decomposition of amplitudes
Example: two-to-two scattering

-
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K-matrix parametrization

. L . . | | 1
Short dlstance.physms parameterized iM = i .
by a real function. 1 —1p/C

e Respects unitarity and analyticity.
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On-shell decomposition

2+J — 2

Single hadron current insertion

e Long range contributions

T Y T

e Triangle diagrams

:é)i —>  Triangle kinematic singularities
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Triangle diagram ,

Phase space branch cuts

/
g:

/ Triangle
singularities

Smooth kernels
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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Triangle singularity analytic structure
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On-shell decomposition

24+ 7 — 2

Short range contributions

458 3 8-€5 3-8 ¢

Non-analytic contributions:

p X /8 — Sin
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On-shell decomposition

24+ 7 — 2

Je 3 e ok
5:8.€5.8:€5 3-8 ¢

m e Phase space singularities.

)g: e Short range current insertions: smooth kernel.

i e Single-hadron matrix element.

o Triangle singularities.
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On-shell decomposition

24+ 7 — 2

— g/(+ i’ + War

Was = M(Ass + f - G)M

Resonance structure:
2
C
MU (s) ~ :ii )—%—(
S — SR Sf —7 SR

ZJBR—HR

fror(Q?) = ¢ [Axa(sr, Q% sr) + f(Q?) G (s, Q% sr)]
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On-shell decomposition

1+ =247 (J +T — 2)

AR SNS WV
A S N s

% — ;, :Ei + M Ba1 + War Ao

1
iIM =1C : Wat = M( Ao + [ - G)M j—: MAs,
1 —1p/C
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On-shell decomposition
1+ 2+ J

e The elastic resonance previously derived is recovered in the
appropriate limit

S
lim lim Sf<% —
Sf—7SR S—7”SR t/-\

ifR—>R

e Ward identities sets constraints on the forward limit of
different kernels.

. 0 0 y
lim BQl(Pf7Pi7Qf)QO( | ) 01 (Pr, Pi)
Qf—>0 u

t
Pf <« (—PZ. :MA21
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On-shell decomposition

) -+ j — 9 -+ j e.g. double beta decay
n ﬁf +x}£ +§€I +I}b< o Square diagram singularities

+ m+ e Single hadron Compton
i.{ %i x&{’ % % transition in the triangle

\ ' " i diagram has to be handled

+ )% +§(+ carefully
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Summary and outlook

We presented the analytic decomposition of a set of
transitions amplitudes with multi-hadron states.

The analytic continuation to the complex energy poles
of resonances gives access to their form factors.

These decompositions can also guide the derivation of
the finite volume formalism to extract them form lattice

QCD.

Future work on 2+ 7 — 2+ 7 and the inclusion of
external states with spin.
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Back up slides
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Singularities of loop diagrams
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Triangle diagram singularities
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