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Current situation:

o Tension in the 27 data

o Differences in datasets are almost exclusively contained in
inelastic contributions Stoffer et al. (2023)

o Inelastic effects are combined as a multiplicative factor in the
current dispersive treatment Leplumey and Stoffer (2025)

o No unified fits available for multi-channel treatments
Achasov and Kozhevnikov (2013)

Two-potential model: Hanhart (2012)

o Based on unitarity and analytic properties of the S-matrix

e Inelastic channels built explicitly and fit to data



Two-potential model: the concept

Model data with resonances ( Vr) and non-resonant contribution (Vg)

¢ Background should only be small part <~ VMD assumption
e Need T-matrix that corresponds to the potentials Vg /g

e Sum of two unitary objects not unitary
— Tg is unitary, Tr not unitary, Tiot = T + Tr unitary

= Background dresses all resonant interactions



Two-potential model: diagrammatic representation

LB:\/ = \ﬁa/=b/+b/ll\’f3/
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Two-potential model: diagrammatic representation

VB:\/ . \773/=b/+b/11\73/
ZN /ON N NN
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Two-potential model: formal representation

r—)[ Background T—matrix]
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Two-potential model: formal representation

r—)[ Background T—matrix]

Va(8)ar = fo.w = To=(1-Vsll)"" Vg
ds’ p(s')E(s)?
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Application to o(500), p(770): Heuser et al. (2024)




Vertex structures
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Included channels (J =1, I =1)
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Semistable channels

Spectral function for an unstable state A via dressed propagator
— fix parameters g, M4 like in Heuser et al. (2024) via pole position
1
¢* — M3 + ¢*11;(¢?)

1
oa(q?) = f;hn (GA(qQ)) . where Ga(¢%) =

Imaginary part of the self-energy 1145 with A being a (broad)

resonance

(V/5—Mp)
ImHAB:/ dqip(s, 3, MB)E (s, ¢4 MB)oa(q2)
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Semistable channels: 47 and the a; spectral function

ay problematic:
ap pole might be model dependent + three-body effects
— use 7-decay data for a; and fit ga, pr, Mo,

129 |  ALEPH data [Davier et al. (2014)]

a1 spectral function




Semistable channels: 47 and the a; spectral function

ay problematic:
difference between interference effects in 27’7 7~ and 2(7*77) not

accounted for within the model
— fit multiplicative factor to ratio of corresponding cross sections
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Semistable channels: 47 and the a; spectral function
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Model is set up — what now?

The fully set-up model can be used to

o test compatibility of data sets
e understand the complex plane
o extract poles and residues

For all of this: we need to fit!

Parameters 3 resonances 4 resonances
Background parameters fo i 28 28
Resonance masses my, 3 4
Source couplings ag 3 4
Resonance couplings g7 21 28
Total 59 68

+ parameters from isospin-breaking effects (see e.g. slide 19 below)
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Semistable channels: 47 and the a; spectral function

a7 problematic: two structures {yap1 and Eyaps for V— AP
Want no interference between form factors to isolate Im(Il4,) clearly
— rotate into suitable basis

0 = (5) [ a AP + Bl (220

= a7 is split into two channels
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Simultaneous fit to data

7w~ production: BaBar [Lees et al. (2012a)],
KLOE [Anastasi et al. (2018)], CMD-3 [Ignatov et al. (2024)]

7 p-wave phase shift: Bern [Colangelo (2004), ..., Stoffer et al. (2023), ...]

7w production: BaBar [Lees et al. (2017)],
CMD-2 [Akhmetshin et al. (2003)], SND [A(:hasov et al. (2000, 2016)]

w decay: NA60 [Arnaldi et al. (2009, 2016)]
I production: BaBar [Lees et al. (2012b, 2017)]
Kaon VFF from 7 decay: BaBar [Lees et al. (2018)]

mrn production: BaBar [Aubert et al. (2007)],
CMD-2 [Akhmetshin et al. (2000)], SND [Aulchenko et al. (2015)]

KK7 production: BaBar [Aubert et al. (2008)]
Radiative decay widths for V' — P~: PDG [Takahashi et al. (2026)]

ay spectral function from 7 decay: ALEPH [Davier et al. (2014)]
13



Simultaneous fit to data
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Simultaneous fit to data

model performance
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Challenges and strategies

e Large number of parameters
— must be careful with local minima
= both gradient-based and global minimization routines
¢ Risk of overfitting
= lowest number of resonances (p, p’, p”)
— diagonal background preferable
¢ Asymptotic behaviour not built in
= must be imposed: punishing factors and post-processing
e Narrow (unphysical) resonances occur as fit artefacts
= must be filtered out in the post-processing step
¢ Data quality not uniform
—> must be compensated for during fitting
o Pion VFF sensitive to phase shifts, w parameters
= individual input for different datasets
¢ Need to correct for bias
—> d’Agostini procedure (see e.g. Ball et al. (2010))
16



Contributions to the global

Individual contributions to the reduced x? (preliminary!)
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7 fits below 1 GeV
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w parameters from 2-pion data

S
FV =(1 w ]‘7‘/71:1
¥ = (1 ks e ) B

o ', fixed from 37 Hoferichter et al. (2023)

e Bounds for M,, and k,, were selected according to the w7 dataset
[Stoffer et al. (2023)]
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Summary

o Global fits performed to data from multiple channels.
o Dispersive constraints imposed through mm-specific phases.
e Two-potential formalism ensures unitarity and analyticity.

e Preliminary analysis shows noticeable differences in the quality of
fit between the pion production datasets.

o Early evidence suggests that CMD-3 leads to better consistency
with data for inelastic channels.

¢ Quantification of significance currently under study

(stay tuned for the publication!).
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Fits with diagonal background
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Fits with diagonal background, n7 favoured
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diagonal background

Individual contributions to the reduced x? (preliminary!)
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