
 

 

 University of Groningen

Dressing the nucleon causally
Kondratyuk, Sergey

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2000

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kondratyuk, S. (2000). Dressing the nucleon causally. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/062e344c-9b0f-462a-b565-122d8e6240ff


Concluding remarks

The main part of this thesis has been devoted to the development of the dress-

ing procedure for the nucleon self-energy and for the �NN and NN vertices.

As the framework for the dressing procedure, we have chosen a Lorentz in-

variant, unitary and crossing symmetric K-matrix approach. Furthermore,

causality constraints are invoked in the model as we employ dispersion rela-

tions to construct the form factors and self-energy functions with appropriate

analyticity properties. We would like to conclude with a reection on the

role of general principles underlying our model for the dressed 2- and 3-point

Green's functions.

We have stressed that o�-shell form factors and self-energy functions

should be calculated together with the scattering amplitude in the same

framework. However, due to the representation-dependence of the o�-shell

Green's functions on the one hand and the representation-independence of the

observables on the other, experiment cannot provide an unequivocal guide-

line for setting up a model to calculate the Green's functions. In these cir-

cumstances, additional constraints on such a model should come from basic

principles of quantum �eld theory. The Lorentz invariant model of this thesis

exploits constraints from unitarity and causality inasmuch as it is based on

the use of cutting rules and dispersion relations whose proof rests on those

principles.

Unitarity implies conservation of quantum mechanical probability, irre-

spective of the reaction mechanism. It lies at the basis of the cutting rules

which we utilize to calculate the imaginary parts of the form factors and self-

energy functions from the pole contributions to the loop integrals. Causality

states that two events cannot a�ect each other if they happen outside each

other's light cones, i.e. if an unphysical signal propagating faster than light is

required to connect them. The tenet of causality is of a special signi�cance

for our approach. In particular, the analyticity properties of the half-o�-shell

form factors and self-energy functions, which are exploited in the dressing

procedure through the use of dispersion relations, can be established only
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provided the interacting �elds are causal.

The above argumentation can be regarded as justi�ed only if the scatter-

ing amplitude constructed out of the resulting dressed Green's functions is

consistent with experiment. We have shown that the model is capable of a

good quantitative description of pion-nucleon scattering, pion photoproduc-

tion and Compton scattering at low and intermediate energies, even though

the range of parameters is constrained by the dressing procedure. Particu-

larly noteworthy is that, due to the implementation of causality constraints,

we reproduce the cusp structure of the observables for Compton scattering.

Also, the calculated nucleon polarizabilities are close to their measured values.

The last two features were not possible to achieve in the traditional K-matrix

approaches, where no dressing was taken into account.

Perhaps the most promising extension of the present approach is to apply

the developed dressing technique to one-particle irreducible 4-point functions.

This means treating ��NN , �NN and NN vertices dynamically, i.e.

calculating the principal-value parts of the one-particle irreducible diagrams

by applying dispersion relations to the corresponding pole parts generated

through unitarization. Such a model would give a fuller account of the an-

alyticity properties of the scattering amplitude. Another interesting line of

development is an inclusion of nuclear medium e�ects in our model. This is

important for studying the scattering of pions and photons from nuclei, where

the constituent nucleons are bound and therefore can be far o� the mass shell.

We have done exploratory calculations which indicate that such an extension

of the model is indeed possible.


