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1. Motivation

Why are we interested in πN?

It is the lightest process involving meson-baryon interaction
⇒ key for analyzing the light baryon spectrum (still controversial)

What do we want to do?

1. Extract resonance poles produced in the interaction in a model-
independent way, using almost exclusively total cross-section data

=⇒

2. Can we estimate the isospin-breaking effects in the ∆(1232) sector?
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1. Motivation

⇒ We need a parametrization- and model-independent analysis

⇒ Dispersive analyses (FDRs) and a robust analytic con-
tinuation

Why dispersive?

∗ Consequence of fundamental principles, generally not imposed when
extracting resonances

∗ Integrals decrease the parametrization dependence
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1. Motivation

Why Forward Dispersion Relations (FDRs)?

∗ They hold up to ∞ (Roy-like DR do not)

∗ Through the optical theorem (t=0), the imaginary part can be directly
related to total cross-section data, easier to measure!

∗ Avoid partial waves (more involved analyses, truncation systematics...)

Why do we need a robust analytic continuation method?

∗ We only know exactly how to access the second Riemann sheet

∗ Also reduces the parametrization dependence
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1. Motivation

∗ No coupled-channel analysis ⇒ just focus on πN

∗ Total cross-section data down to almost the threshold for π±p! We do
not need partial waves to obtain the forward amplitudes!

100 101 102

s  (GeV)

101

102

 (m
b)

Regge RPP +
Regge RPP 
( + p)
( p)

∗ Determine resonance parameters in a different way (just total cross-
section data, no partial waves)
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2. πN total cross-section data

For this interaction there are many total cross-section data at low energies!

100 101 102

s  (GeV)

101

102

 (m
b)

Regge RPP +
Regge RPP 
( + p)
( p)

Strategy:

σtot(π
±p) ⇒ ImD± ⇒ ReD± ⇒ Resonances
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2. πN amplitudes and σtot(π
±p)

For πa(q) + N(p) → πb(q′) + N(p′)

T ba
fi (s, t) = δbaT+

fi (s, t) + iϵbacτ cT−
fi (s, t)

T±
fi (s, t) = ūf (p

′)
{
D±(s, t)−

[
/q′, /q

]
4mN

B±(s, t)
}
ui (s, t)

The relation between these amplitudes and the total cross-section data is the
following (optical theorem):

ImD±(s, 0) = kLσtot(π
±p) ≡ kLσ±

with

D+ =
1

2
(D+ + D−), D− =

1

2
(D− − D+),

and kL the pion momentum in the laboratory frame
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2. FDRs for D amplitudes

With these relations it is straightforward to obtain once-subtracted FDRs!
(D̄± are the pseudovector-Born-term-subtracted amplitudes)

ReD̄+(kL) = 4π

(
1 +

Mπ

mN

)
ā+0+ +

k2
L

π
P
∫ ∞

0

σ+(k
′
L) + σ−(k

′
L)

k
′2
L − k2

L

dk ′
L

ReD̄−(kL) =
g2ωL

2m2
N

+
ωL

π
P
∫ ∞

0

k
′2
L

ω
′
L

σ−(k
′
L)− σ+(k

′
L)

k
′2
L − k2

L

dk ′
L

with

Mπ ≡ pion mass, mN ≡ proton mass, ωL =
√
k2
L +M2

π,

g2 ≡ pseudoscalar coupling constant,

and ā+0+ is related to even isospin S-wave scattering length, precisely extracted
from pionic-atoms data Baru et al. PLB 694, 473 (2011), Baru et al. Nucl.Phys.A 872, 69 (2011)
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3. Fit to σ±

∗ Revision of the PDG dataset:

Additional datasets

Several reanalyses in the literature not included

Unclear electromagnetic corrections for some sets

Systematic use of Mπ± when converting different kinematic variables

∗ Fit with splines to have enough flexibility and do not impose any feature

We consider revised datasets up to
√
s = 3 GeV with clear e.m.

corrections

Experiments with disproportionally large uncertainties are excluded from
the fit

Dramatically inconsistent datasets are also removed

∗ Normalizations of the datasets varied in our χ2 avoiding the D’Agostini bias
D’Agostini, Nucl. Instrum. Mth. A 346, 306 (1994), Ball et al. JHEP 05, 075 (2010)

∗ Fit to Roy-Steiner analysis near threshold (tiny region) to stabilize the fit
Hoferichter et al., Phys. Rept 625 (2016)
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3. Fit to σ±
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[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]
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3. Fit to σ±
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[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ In the resonance region, fair agreement with SAID partial-wave analysis
(different data)
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3. Fit to σ±
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[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ Special case: N(1440) Roper resonance ⇒ Clear differences

⇒ The Roper effect is imperceptible in the σtot(π
±p) data
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3. Fit to σ±
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[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ Huge differences at higher energies! (Above SAID upper validity limit)
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3. πN FDRs’ output

∗ Coulomb distortion correction with Tromborg method Tromborg et al. PRD 15, 725 (1976)

and isospin ∆(1232) correction from SAID database (thanks Strakovsky and
Döring!) to have purely hadronic amplitudes for the FDRs!

∗ Regge theory above
√
s =3 GeV (PDG parameters) as input for the integrals

1.2 1.4 1.6 1.8 2.0 2.2 2.4
s  (GeV)

50

0

50

100

150

200

250

300
Dispersive Re D +

Dispersive Re D
Re D +  SAID analysis
Re D  SAID analysis
Re D +  Bonn Roy-Steiner
Re D  Bonn Roy-Steiner

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ Good agreement with both analyses up to 2.2 GeV
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and isospin ∆(1232) correction from SAID database (thanks Strakovsky and
Döring!) to have purely hadronic amplitudes for the FDRs!

∗ Regge theory above
√
s =3 GeV (PDG parameters) as input for the integrals

1.2 1.4 1.6 1.8 2.0 2.2 2.4
s  (GeV)

50

0

50

100

150

200

250

300
Dispersive Re D +

Dispersive Re D
Re D +  SAID analysis
Re D  SAID analysis
Re D +  Bonn Roy-Steiner
Re D  Bonn Roy-Steiner

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ Good agreement with both analyses up to 2.2 GeV

Pablo Rabán Dispersive and model-independent extraction of πN poles from revised σtot data NSTAR 2026, September 7th 2026 15



3. πN FDRs’ output

∗ Coulomb distortion correction with Tromborg method Tromborg et al. PRD 15, 725 (1976)

and isospin ∆(1232) correction from SAID database (thanks Strakovsky and
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4. Resonance determination: FDRCN

∗ We want to extract πN resonance poles (
√
spole = MR − iΓR/2)

∗ Avoid models and parametrizations ⇒ Use Dispersive output!
(No poles introduced, nor relation between pole positions and residues)

∗ Need of a robust and general analytic continuation: continued fractions

CN(s) = F (s1)
/1 +

a1(s − s1)

1 +
a2(s − s2)

. . . aN−1(s − sN−1)


FDRCN : “Interpolate” the FDR output with this functional form in a real s
segment, which contains poles (∼ N/2) (already tested in ππ)

Pelaez, Rodas, Ruiz de Elvira, PRL 130, 051902 (2023), Pelaez, PR, Ruiz de Elvira, PRD 113, 034018 (2026)

∗ We only keep stable poles under N, segments and fit parameters!
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4. πN pole-resonance extraction

∗ We now have the FDR outputs ⇒ We can apply the FDRCN
method!

∗ Since we are not doing a partial-wave analysis, we cannot separate among
different angular momenta and parities

D(s, t = 0) = 4π
√
s

mN

∞∑
ℓ=0

(ℓ+ 1)fℓ+(s) +
∞∑
ℓ=1

ℓfℓ−(s),

∗ But we can distinguish the isospin of resonances!

D
1
2 = D+ + 2D− D

3
2 = D+ − D−

∗ We can then extract isospin-definite M, Γ, and residues!
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4. πN pole-resonance extraction I = 1/2

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ We obtain 4 stable I = 1
2 poles that we associate with these resonances

∗ Total cross-section data have not enough resolution to distinguish two or
more overlapping resonances ⇒ Some poles correspond to several resonances!
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4. πN pole-resonance extraction I = 3/2

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

∗ We obtain 4 stable I = 3
2 poles that we associate with these resonances

∗ Total cross-section data have not enough resolution to distinguish two or
more overlapping resonances ⇒ Some poles correspond to several resonances!

∗ However, we have more information: residue of the poles

⇒ By doing a Cauchy integral enclosing several j resonances

RFDR =
∑
j

Rj
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4. FDRCN
: Resonance identification from the residues

∗ Pole residues help identify the contributing resonances!

Pole |RFDR| (GeV) |RPDG| (GeV)
N(1440) 6+4

−3 7.8± 0.7

N(1520) + N(1535) 18+9
−8 12.8± 1.6

N(1650) + · · ·+ N(1720) 32± 13 34± 6

N(2060) + · · ·+ N(2250) 133+51
−47 77± 20

∆(1232) 25± 10 18.3± 0.7

∆(1620) + ∆(1700) 10± 4 7± 4

∆(1905) + ∆(1910) + ∆(1950) 32± 6 36± 7

∆(2420) 14± 3 17± 8

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

And same for the residue phase!
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4. FDRCN
: Stability of the analytic continuation

∗ Stable results for different N (e.g. for the I = 1
2 poles)

15 20 25 30 35 40 45 50
1.2

1.4

1.6

1.8

2.0

2.2

N

M
(G

e
V
)

[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]
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4. ∆(1232) isospin-breaking effects: Strategy

∗ Our final objective is to try to estimate the isospin-breaking effects in the
∆(1232) sector. ∆0/∆++ appear in σtot(π

±p) data, respectively

∗ Compute FDRs without the isospin and electromagnetic corrections

⇒ Problem: FDRs involve both σ± → non isospin invariant amplitude

∗ FDRs for D± in the ∆(1232) region are dominated by the RHC, i.e. σ±

⇒ LHC contribution small compared to our uncertainties
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4. ∆(1232) isospin-breaking effects: Results

Results:
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[Pelaez, PR, Ruiz de Elvira, arXiv:2608.20458]

M∆0 −M∆++= 8± 4MeV

Γ∆0 − Γ∆++= −10± 9MeV

|R∆0 | − |R∆++ |/3= −0.8± 1.2GeV

Φ∆0 −Φ∆++= 16± 14◦

∗ Large uncertainties, but clear hints ofM∆0 > M∆++ in agreement with PDG!
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Summary

⋆ Consistent with the PDG estimate and Arndt et al. PRC 74, 045205 (2006) for isolated
resonances (Roper is difficult to obtain from σtot(π

±p) data!)

√
s∆(1232) (MeV)

FDRCN
(1211± 4)− i (52± 4)

PDG estimate (1210± 1)− i (50± 1)

Arndt et al. 1211− i 49.5

√
sN(1440) (MeV)

FDRCN

(
1334+21

−26

)
− i

(
81+25

−21

)
PDG estimate (1370± 10)− i

(
95+8

−5

)
Arndt et al. 1359− i 81

Dispersive and
model-independent
extraction!

No poles imposed, just
spline fits!

Confirmation that the
FDRCN

works!

⋆ Just σtot(π
±p) data, different uncertainty estimation

⋆ Residues allow to identify which resonances contribute to each FDR pole!

⋆ IB effects in ∆0/∆++ estimated ⇒ Clear indication of M∆0 > M∆++
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Thank you for

your attention
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