
Chiral two-nucleon dynamics, Chiral two-nucleon dynamics, 
analyticity analyticity 

and dispersion relationsand dispersion relations

Chiral two-nucleon dynamics, Chiral two-nucleon dynamics, 
analyticity analyticity 

and dispersion relationsand dispersion relations

A. M. Gasparyan, Ruhr-Universität Bochum 

M.F.M. Lutz
E. Epelbaum

June 30, 2015,  Pisa, CD2015



989IntroductionIntroductionIntroductionIntroduction

Effective Lagrangian

QCD Chiral Effective Theory hadron dynamics

The most general S-matrix, 
consistent with perturbative 
unitarity, analyticity, symmetries (Weinberg '79)
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expansion in small parameter Q

Perturbative expansion does not converge 
close to threshold: bound state (deutron)

+...
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The most general S-matrix, consistent 
with perturbative unitarity, analyticity, 
symmetries?

Resummation of leading contact terms and 
one-pion exchange

KSW: resummation of leading contact terms
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Long, Yang '12
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Left hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbative

(s)=s, or conformal mapping of s

LEC's ofC
i

Matching with ChPT expansion below threshold at 

Short range contribution



Left hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbativeLeft hand (t-channel) cuts: perturbative

Covariant amplitudes (correct singularity structure)

Epelbaum, '06Not so much relevant in the potential approach
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 Nijmegen PWA  SAID PWA

➔reasonable 
description

➔2-pion cut contribution
is not important
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Coupled partial wavesCoupled partial wavesCoupled partial wavesCoupled partial waves

➔2-pion cut 
is much more
 important

Q0

Q1

Q2

Q3

It is preferable not to destroy the left-hand cut in a potential approach
 (r-space regularization)  (Epelbaum et al. '15)
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989Scheme dependenceScheme dependenceScheme dependenceScheme dependence

Non-uniqueness of the solution to the dispersion 
relation 

(CDD poles       poles on an unphysical sheet)

Cut off (renormalization scale) dependence in 
approaches with resummation

Castillejo, Dalitz, Dyson '56



eSummarySummarySummarySummary

➔The unitarity and analyticity constraints are used to extrapolate 
the NN amplitude from the subthreshold to the physical region  

➔Matching to the perturbative (ChPT) amplitude is applied in the 
subthreshold region 

➔Indication of convergence below threshold

➔Solution to the dispersion relation is not unique – scheme dependence

➔ Implement symmetry constraints and look at other reactions

OutlookOutlook
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