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The Roper Resonance
Research Background

Inverted-mass problem Two pole structureStrong three-body effect

I. Strakovsky[2026] 2

• Quark model cannot 
explain the energy level

https://arxiv.org/pdf/2601.03102


3

Lattice Calculations

• No Roper energy eigenstate 
found near                                      
with only         elastic scattering

         C.B.Lang, et al. [2017]

-               Three-body effect
- Coupled-channel 

scattering

Research Background

K-F. Liu[2016]

The Roper Resonance

https://arxiv.org/pdf/1610.01422
https://arxiv.org/pdf/1610.01422
https://arxiv.org/pdf/1610.01422
https://arxiv.org/pdf/1609.02572
https://arxiv.org/pdf/1609.02572
https://arxiv.org/pdf/1609.02572


Two-plus-three Body Unitary Approach

Formalism
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Two-plus-three Body Unitary Approach

Formalism
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• Nucleon 𝑵 as its own isobar ෩𝑵 
No explicit inclusion of π𝑵 channel, 
included automatically by π෩𝑵



Input isobarsFormalism
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• Isobars are constructed as full  two-body PW amplitude

LSE Renormalization(P11)   fit

UChPT



Coupled channel 
space

Fitting
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Coupled channel 
space

Fitting

6

s-channel, u-channel



Coupled channel 
space

Fitting

6

s-channel, u-channel

u-channel nucleon exchange



Coupled channel 
space

Fitting
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s-channel, u-channel

u-channel nucleon exchange t-channel pion exchange



Coupled channel 
space

Fitting
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s-channel, u-channel

u-channel nucleon exchange t-channel pion exchange contact interactions and 
Roper pole term



Coupled channel 
space

Fitting
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Minimize model 
dependence

s-channel, u-channel

u-channel nucleon exchange t-channel pion exchange contact interactions and 
Roper pole term



Analytical structure
• Below threshold:

• Left hand cut from u-channel

• Short nucleon cut from projecting the u-channel to PW

• Nucleon pole

• Circular cut from the on-shell pion t-channel exchange

• Above threshold:

• Complex threshold introduced by the resonance isobars

7

Analytical structure



Fitted           amplitude and the poles
Results
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Two- and three-body 
unitarity

• Unitary condition:

• In the two-body region, 

    fulfilled by

• In the three-body region,

    fulfilled by
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Results

M. Doering, et al.[2025]
M.Mai, and M. Doering[2017]

Quantization Condition 
for Lattice analysis 

𝐶

Three-body unitarity with isobars, M.Mai, et al.[2017]

https://arxiv.org/pdf/2505.02745
https://arxiv.org/pdf/2505.02745
https://arxiv.org/pdf/2505.02745
https://arxiv.org/pdf/1709.08222
https://arxiv.org/pdf/1709.08222
https://inspirehep.net/literature/1606089
https://inspirehep.net/literature/1606089
https://inspirehep.net/literature/1606089
https://inspirehep.net/literature/1606089
https://inspirehep.net/literature/1606089


Summary and plans

• We construct the three-body amplitude from two-body input     three-body unitarity with 
spectator-isobars in S- and P- waves;

• Two-body sub-amplitudes are described, including the     -scattering and       -scattering 
with      and       resonance;

• The coupled-channel amplitude is fitted to the SAID analysis (P11). The Roper pole and 
the hidden pole are determined.

• The formalism is ready to be utilized for finite volume spectrum and the interpretation of 
lattice spectrum with 

    Finite Volume Unitarity (FVU).
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Results

Best model to date(paper in preparation)



Thank you!
7/31/2026
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Back up slides



Back up slides

Roper coupling residue to each channels
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P33 pole position and near by piN branch cut 

Back up slides
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Back up slides

Preliminary Result

P11 pole position and hidden pole with samples
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Back up slides

P11 pole position and near by piDelta branch cut 

Preliminary Result
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