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General Reason for Talking !
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What is Landau ghost pole problem?
and

why is this problems solution is important?
to understand the problem, let’s at the elementary level will
make a brief description of the introduction to
Quantum Field Theory

1.Quantum field theory
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Quantum field theory (QFT) describes the properties and
interactions of fundamental particles of matter.
Fundamental particles include, for example, electrons, photons,
quarks and gluons, which are composed of other material objects.
The main characteristics include particle rest mass m, energy E
and momentum p, which are interconnected by the known relation:
E 2 − p2 c2 = m2 c4 ,
Here c- light speed in the vacuum.

1.Quantum field theory
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In the rest system of the particle (p = 0) this ratio turns to the
Einstein’s famous formula:
E = mc2 .
If the relative momenta of the particles and their interaction
energies are small compared to the rest mass.
n slowly speed of the particles motion is described by quantum
mechanics (QM): each particle is mapped to the wave function ψ,
which is the solution of the Schrödinger equation.

1.Quantum field theory

5

Increasing the interaction energies, the usual QMal description of
particles becomes inapplicable, since there is a new physical
phenomenon:
creation
and
annihilation of particles.
During the scattering of high-energy photon (γ-quant) at the nuclei
electrons and their antiparticles – positrons are produced.
In turn, the electron and positron can annihilate, i.e. turn into
photons.
With further increase of the interaction energy more and more
particles can be borne.
The number of a new particles known today exceeds the hundreds.

1.Quantum field theory
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To describe the systems with a variable number of high-energy
particles each class of fundamental particles is connected with
quantized field, which consists the creation and annihilation
operators of particles.
Quantized field of the electron ψ is no longer the usual generalized
function in quantum mechanics, and much more complex object as operator’s (operators-like) generalized function.
Such a quantized field describes, in general, all the particles of the
class, i.e, electronic field describes all the electrons in the universe,
the photon (electromagnetic field) - all photons, etc.

1.Quantum field theory
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The particles are divided into two categories - real particles existing
in the initial and final stages of the physical process
physical
and
virtual particles,
which play a role only in the process of interaction between the
particles.
For real particles the usual relativistic relation between energy and
momentum is valid.

1.Quantum field theory

8

In high-energy physics so-called natural system of units is
commonly used in which the speed of light c and Plancks constant
~ equal to one: c = ~ = 1.
In this system of units using conventional 4 − vector notation of
relativistic mechanics
p = (p0 ; p), p0 ≡ E,
the ratio between the momentum and energy of real particles takes
the simple form:
p2 = p20 − p2 = m2 .
As physicists say, the real particles are on the mass shell mass shell.

1.Quantum field theory
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For virtual particles, this relation is not satisfied:
p2 6= m2 ,
i. e., virtual particles are off the mass shell.
As in all physical experiments measured only the parameters of the
initial and final states, the concept of virtual particles, of course, in
no way does not violate the law of conservation of
energy-momentum.

2.Particles Propagators
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It is well known, that in QFT the basic mathematical objects of
calculations are vacuum expectation values of products of fields
h0|T ψ(x1 )ψ(x2 )...ψ(xn )|0i.
Here |0i- the vacuum state, i.e. state without real particles 4-vector x = (x0 , x) coordinates in the usual 4-dimensional
space-time.
Sign T indicates the chronological ordering of the field operators, i.e
field operators are arranged in ascending order of time coordinates.
Introduction of chronological ordering is necessary in order to take
into account the principle of causality, i.e the correct sequence of
events describing the particles interactions.

2.Particles Propagators

11

Knowing the vacuum expectation values, we can calculate all the
physical characteristics of both the fundamental particles and
composed of these objects, i.e.,
-masses of the particles
and
bound states,
scattering cross sections,
lifetimes of unstable particles,
etc.
Briefly theorists call the vacuum expectation values of products of
fields Green’s functions.

2.Particles Propagators
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The simplest physically meaningful Green’s function is the two-point
Green’s function, or propagator (particles propagation function):
D(x − y) = h0|T ψ(x)ψ(y)|0i.
Propagator depends only on a 4-dimensional variable x − y. This
fact is a reflection of the translational invariance of the theory, i.e
independence of the physical phenomena of the coordinate system.
Simple propagators of the free fields are in momentum space is:
Z
1
.
Dc (p) = dxei(px) Dc (x) ∼ 2
m − p2
Note that in this formula p – is not a real particle momentum but
the momentum variable Fourier conjugate to coordinate.

2.Particles Propagators
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As can be seen from this expression, the propagator has a pole
singularity in the momentum variable.
This fact is very general and is also valid for interacting fields.
In other words, in QFT the pole of the Green’s function implies the
existence of a real particle with mass m.
Massless particles (e.g, photons) correspond to the pole at the
point p2 = 0, and, accordingly, the propagator of a free photon has
the form:
1
Dc (p) ∼
.
−p2
The calculation of the Green’s functions in the theory of interacting
fields is a very difficult problem.

3.Landau pole in the photon propagator
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For more than half a century, the exact physically meaningful
solution of interacting quantum fields was not found.
Therefore, the various approximate methods are of particular
importance, among which the most important is the perturbation
theory.
Green’s function of free fields are taken as the main approach.
Interaction is considered as a small perturbation, which is physically
quite reasonable for important case of quantum electrodynamics
(QED) of interaction of electrons with photons, as the strength of
interaction in this theory and is determined by the
1
e2
=
−
4π
137
a small and expansion parameter in the perturbation theory in QED.
α=

3.Landau pole in the photon propagator
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By the mid-fifties of the last century, successful theoretical
description of most of the well-known electrodynamic phenomena
was given, including splitting of the electron levels in the hydrogen
atom, the anomalous magnetic moment of the electron, etc.
These successes have led theorists to investigate the limits of
applicability of QED. In 1954-1955, Landau and his colleagues:

LD Landau, AA Abrikosov, IM Khalatnikov. DAN, 95, 1177
(1954);
LD Landau, IJ Pomeranchuk. DAN, 102, 489 (1955).
published the results of their calculations, the asymptotic behavior
of the Green functions of QED, i.e. behavior for large values of the
momentum variable p2 .

3.Landau pole in the photon propagator
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These results were very strange, and further interpretation led them
to a very sad for the QFT.
It was found that when
|p2 | >> m2
asymptotic behavior of the photon propagator is described by the
following formula:
1
1
h
i ,

D(p) ∼
−p2 1 − α ln −p2
3π

m2

i.e., apart from the normal pole at p2 = 0 the photon propagator
has "ghost" pole at
3π
p2 = −m2 e α .

3.Landau pole in the photon propagator
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In accordance with the foregoing principles of QFT, such a pole
corresponds to a particle with a negative squared mass?!
Such particles have never been observed experimentally, and their
very existence contradicts the basic principles of particle physics.
Landau pole cannot undo all the successes of QED, is very far from
the energies attainable in experimental setups.
Indeed, the value of "Landau mass"according to the above formula
is ML ∼
= 1028 m, while the energy of the particles that can be
achieved in the most modern plants do not exceed 107 .
Therefore, the effect of such a remote pole is negligible.
But it exists, and it can not be ignored, especially since studies later
confirmed the existence of such poles and in other models of QFT.

3.Landau pole in the photon propagator
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There arose a dual and a strange situation.
On the one hand, calculations based on perturbation theory
described well the experimental data and the predictions of QED
were always confirmed experimentally.
On the other hand, QED was internally inconsistent, as contained
in the statement of magnitude, the existence of which is contrary to
the basic principles of the theory.
This inner contradiction was inherent and other models of QFT,
including models, claiming at the time to describe strong
interactions.

3.Landau pole in the photon propagator
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Landau himself assessed the situation very pessimistic and made a
very definitive conclusion:
"Operators ψ containing unobservable information should disappear
from the theory; and because the Hamiltonian can be built only
from the operators, we need to come to the conclusion that the
Hamiltonian method for strong interactions outlived its usefulness
and should be buried, of course, with all the respect it deserves"

LD Landau. "On the fundamental issues"
(In Review: Theoretical Physics in the XX century, 1960)

3.Landau pole in the photon propagator
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In fact, Landau called completely abandons the concept of
quantized fields in the describing of the interaction of high-energy
particles.
Instead, he proposed the creation of a new theory, which uses only
the scattering amplitude and their analytic continuation.
But the heroic efforts of many theorists to create this kind of theory,
taken in the following years, unfortunately, yielded modest results.
It turned out that the information contained in the field operators
and compiled out of Lagrangians and Hamiltonians, replace
virtually nothing.
Remained the other way - to try to solve the problem within the
framework of the QFT.

3.Landau pole in the photon propagator
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But my teacher Vladimir Fainberg from Lebedev Physical
Institute(Moscow), listened to the
personal word of Landau,
that such non-physical poles must be reduced counter non-physical
pole, in the summation of infinite number Feynman diagrams
Is reasonable:

appropriate to look for a new nonperturbative
approach!
i.e.,

a new method for summing Feynman diagrams,
necessary!

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
22

How one can get rid of the poles of the analytic function?
Unit-governmental mathematically correct
(i.e., not associated with a complete rejection of analyticity)
method - a zero residue,
in other words,
reduction of the pole with the other analytic function has a pole at
the same point, but with the opposite sign minus, and this
procedure must be consistent with the general principles of the
theory.

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
23

The possibility of such a solution Landau pole was pointed
Redmond:

Р.J. Redmond, Рhуs. Rеv., 112, 1404 (1958)
and consistently implemented in the work:

NN Bogolyubov, AA Logunov, DV Shirkov, JETP 37, 805
(1959)

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
24

The basic idea by Bogolyubov-Logunov-Shirkov is to apply spectral
representation for the Green functions, which follow from the basic
principles of QFT, such as causality, conservation of energy and
momentum, the completeness of the observed states, local
interactions, etc.
These representations are valid for any specific type of interaction,
i.e., are model-independent.

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
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Te result of Bogolyubov, Logunov and Shirkov for the asymptotic
behavior of the photon propagator at |p2 | >> m2 was as follows
D(p) ∼

1
h
−p2 1 −

1
α
3π ln



−p2
m2

i −

3π/α
p2 + m2 exp

3π
α

,

The first term corresponds exactly to the result of Landau and the
second term appears due to application of Chellen-Lehmann
presentation.

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
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This second term has the following remarkable properties:
Firstly, it has a Landau with the minus of opposite sign and hence
there is no the physical pole in photon propagator;
Secondly, this term has an essential singularity at the origin
α → +0 as a function of the parameter exp − 3π
α type, and
vanishes with all α its derivatives when.
Consequently, the power expansion of photon propagator does not
change, and all the results of perturbation theory remain unchanged
in its entirety. Thus,
Landau ghost pole problem received its full mathematical solution!

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
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This method of reducing ghost singularities and restoring the
correct analytic properties of the Green functions is still a model for
all similar situations arising in various models of QFT.
Unfortunately, the physical interpretation of this remarkable result
remained unclear.
First, in the process remained arbitrary specified by the authors
themselves: adding to
 the spectral function of any terms that
depend on exp − 3π
α does not violate the analytic properties of the
propagator as well as compliance with the perturbation theory.

4.Bogolyubov-Logunov-Shirkov method for recovery of
analytical properties of the propagator and reduce Landau
pole
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Dynamic causes of such a singular term in the Green functions also
remained completely unknown.
In other words, such a term must occur in the solutions of the
dynamic field equations, but this kind of solution has not yet been
received.
For these reasons, the problem of ghost Landau pole, although
solved by Bogolyubov, Logunov and Shirkov purely mathematical
method and still is a matter of concern and dissatisfaction for
physicists.

5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom
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In 60th- 70th a number of discoveries have been made, significantly
advancing our understanding of the interactions of high energy
particles.
In 1964, Gell-Mann and Zweig introduced the concept of quarks particles with fractional electric charge.

M. Ce11-Mann, Rhys. Lett., 8, 214 (1964)
G. Zweig, CERN prerrint 8419 Th.401 (1964)
In the quark model, all strongly interacting particles (hadrons) are
made up of fundamental particles - quarks.
Protons, neutrons, π − mesons (pions), K − mesons (kaons),
K − mesons (kaons), and others are among the hadrons.

5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom

Year later the next important step was made.
Analysis of the spectrum of hadrons (the number of which was
already exceeded tens) showed that, to comply with the
experimental data the new conserved quantum number must be
attributed to quarks.
This was done by:

BV Struminskii, Preprint R-1939 (1965)
NN Bogolyubov, BV Struminskii, AN Tavkhelidse, Preprint
D-1968 (1965)
M.Y. Han and Y. Nambu, Phys. Rev., V139, 1006 (1965)
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5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom
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This new quantum number was called color.
The existence of such a quantum number and the corresponding
internal symmetry of strong interactions followed very important
things.
If you build a theory interacting quarks on the basis of (it was the
only "well-functioning"model of QFT at that time), apart from the
quarks (which are analogous to electrons) new fundamental
particles must be necessarily introduced as an analogue of the
photon, so called gluons, which unlike the photons interacting only
with electrons, interact not only with quarks but also with each
other-as they say, gluons have self-interaction.

5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom
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The new theory by analogy with QED is called QCD.
The existence of self-gluons leads to important consequences, and,
in particular, completely changes the situation with the Landau
pole.
Asymptotic behavior of the gluon propagator when |p2 | >> m2
described by the formula
D(p) ∼

1
1
h

i
2
−p 1 + Cln −p2
m2

Here C- known positive constant, a specific value of which depends
on the number of colors and the number of species of quarks.

5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom
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In view of the positive coefficient of the logarithm, the negative
pole at: gluon propagator is not,
which implies that at large momenta in QCD can use perturbation
theory (some modified version of it).
This remarkable property of QCD has been found in the works:

G. ‘t Hooft, unpublished report at the Conference, Marseille
(1972)
D.J. Gross and F. Wilczek, Rhys.Rev.Lett., 30, 1343 (1973)
N. Politzer, Rhys.Rev.Lett., 30, 1346 (1973)
and became known as asymptotic f reedom.

5.Landau poles problems solution in the theory of strong
interactions. Asymptotic freedom
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Currently, the vast majority of theorists believe that it is the QCD
that is the internally self-consistent theory of strong interactions.
Of course, not all problems of QCD have been solved.
In particular, the problem of calculations in small bursts in QCD far
from being solved, which is, in fact, the problem of formation of
hadrons from quarks and gluons.
It is the problem of hadronization and the closely related problem of
quark confinement, i.e. their non-observability.

6.Newest results
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1. Analytic perturbation theory.
D(p) ∼

1
1
h

i
2
−p 1 + Cln −p2
m2

The above formula is valid for the gluon propagator in the large
negative squares momentum.
In the region of positive squares momentum similar calculation
leads to a pole at the values of a square momentum of several
hundred mega-electron-volts (squared).
This feature, although it is not so dangerous to the theory, the pole
in the negative squares momentum, nevertheless is also a
non-physical, since a number of reasons, it can not be interpreted
as a real particle. In connection with the problem arose of "cure"of

6.Newest results
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The program, dubbed "analytic perturbation theory was
implemented in a series of papers of D.V. Shirkov, I.L. Solovtsov,
K.A. Milton, A.I. Alekseev, B.A. Arbuzov and several other authors.
At the heart of the analytic perturbation theory is the method of
Bogolyubov-Logunov-Shirkov modified for the case of QCD.
The results of these studies covered in the review:

DV Shirkov, IL Solovtsov, TMF, 150, 152 (2007).

6.Newest results
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2. Landau pole in the effective models of strong interactions.
Another branch of the theory of strong interactions, where theorists
once again faced with the Landau pole, were the so-called effective
models of strong interactions.
QCD - a very complicated mathematically model of QFT (much
more complicated than QED).
Therefore, to describe a number of important physical phenomena
simplified models are used that reflect some aspects of the physics
of strong interactions.
Such models are called effective.
One of the most famous models of this kind is the quark model of
the Nambu-Jona-Lazinio successfully used to describe the
interactions of light hadrons -pions, kaons, nucleons and

6.Newest results
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The results of calculations of physical quantities based on effective
models depend on the method of calculations of certain divergent
integrals (as they say, the results depend on the regularization).
As generally believed this dependence on the method of calculation
in effective models is acceptable because reflects the range of
applicability of such models.
However, from a theoretical point of view it is, of course, a
disadvantage.

6.Newest results
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In this paper,

OA Battistel et al „ Rhys.Rev. D 77, 065 025 (2008)
very interesting and, in general, a successful attempt to get rid of
this dependency of Nambu-Jona-Lasinio model was made.

6.Newest results

Way to reduce the Landau pole in the Nambu-Jona- Lasinio was
specified in

V.E. Rochev, J.Rhys. A 42, 195403 (2009);
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6.Newest results
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This method, in contrast to the method BLSh, is not based on the
analytic properties of the propagator dictated Chellen-Lehmann
representation, and on the features of this model.
According to Battistel et al, in the mass spectrum of the model, in
addition to the quark with positive mass, there is also a "ghost"of
the quark with negative mass.
This fact can be interpreted as an additional interaction of opposite
sign occurring at the quantum level, and the presence of this
interaction leads to a reduction in the Landau pole in the
propagator of the pion - there is a "mutual destruction of ghosts."

7.The Rochev method of construction for Landau pole free
approximation in small distances
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As a simple example to illustrate the renormalization process, let us
to consider the symmetric (in the phase m20 > 0, λ > 0) theory of a
complex scalar field φ(x) in four-dimensional with the Euclidean
four-dimensional space E4 with the Lagrangian
L = −∂µ φ∗ ∂µ φ − m20 φ∗ φ −

λ ∗ 2
(φ φ) (1).
2

and with the generating functional of Schwinger functions (vacuum
expectation values)
Z
G(η) = Dφexp{A + φ∗ ηφ}(2).

7.The Rochev method of construction for Landau pole free
approximation in small distances

Here Rη(x, y) is bilocal source, φ∗ ηφ ≡
A ≡ dxL(x).

R

43

dxdyφ∗ (x)ηφ(y) and

A normalization constant is omitted.
The nth derivative of G over η with the source being switched off
is the 2n-point (n-particle) Schwinger function.

7.The Rochev method of construction for Landau pole free
approximation in small distances
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The propagator of the field φ is
∆(x − y) =< φ(x)φ∗ (y) >= −

δG
|η=0 ,
δη(y, x)

the two-particle function is the second derivative of G, etc.
The master SDE for the generating functional G(η)
Z
δ
0 = Dφ
(φ(y)exp{A + φ∗ ηφ})
δφ(x)
can be rewritten as the functional-differential equation
Z
δG
δG
δ2G
(m20 − ∂x2 )
+ dy1 η(x, y1 )
+ δ(x − y)G = λ 2 (3).
δη(y, x)
δη(y, y1 )
δη

7.The Rochev method of construction for Landau pole free
approximation in small distances
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To construct the MFE we use an iteration scheme of the solution of
functional-differential SDE for the generating functional G.
Let apply to SDE (3) the same idea about the approximation by an
equation with "constant"(i.e., independent from η) coefficients.
As the leading approximation equation we will consider the equation
λ

δ 2 G(0)
δG(0)
− (m20 − ∂x2 )
− δ(x − y)G(0) = 0(4),
δη(x, x)δη(y, x)
δη(y, x)

and the term η ? δG
δη (that contains the source η explicitly, and ? is
the operator multiplication) should be treated as a perturbation.

7.The Rochev method of construction for Landau pole free
approximation in small distances
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A solution of equation (4) in operator notations is the functional
G(0) = exp{−∆0 ? η}(5)
, where ∆0 is a solution of the "characteristic"equation
λ∆0 (0)∆0 (x − y) + (m20 − ∂x2 )∆0 (x − y) = δ(x − y)(6)
Equation (6) is similar to the equation for the propagator in the
leading approximation of the 1/N -expansion.
Certainly, the similarity is completely superficial, since the principle
of the construction of the approximation scheme is different.
The solution of equation (6) is the free propagator
∆0 = (m2 − δ 2 )−1 with the renormalized mass m2 = m20 + λ∆0 (0).

7.The Rochev method of construction for Landau pole free
approximation in small distances
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The quantity ∆0 (0) is defined from the self-consistency condition.
The propagator is the first derivative of G(η) over the source η:
G1 ≡ ∆ = δG
δη |η=0 .
As can be easily seen, it is simply ∆0 for the leading approximation.
Notice, that the generating functional G0 of leading approximation
does not possess the complete Bose-symmetry.
Really, as follows from the definition of generating functional, the
Bose-symmetry implies on full generating functional the condition
δ2G
δ2G
=
(7)
δη(y, x)δη(y 0 , x0 )
δη(y 0 , x)δη(y, x0 )

7.The Rochev method of construction for Landau pole free
approximation in small distances
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Evidently condition (7) does not fulfilled for G0 defined by equation
(4).
The violation of this condition leads particularly to the violation of
connected structure of the leading approximation two-particle
(four-point) Green function.
The leading approximation generates the linear iteration scheme,
i.e. the term omitted, which contains the source η manifestly,
should be treated as a perturbation.

7.The Rochev method of construction for Landau pole free
approximation in small distances

Hence, the iteration procedure for the generating functional
G = G(0) + G(1) + · · · + G(n) + · · ·,
consists in the step-by-step solutions of the equations
λ

(n)
δ 2 G(n)
δG(n−1)
2
2 δG
(n)
−
(m
−
∂
)
−
G
=
η
?
(8)
0
δη 2
δη
δη
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7.The Rochev method of construction for Landau pole free
approximation in small distances
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In general case, the solution of equation for the n−th step (3) of
the iteration scheme is the functional G(n) = P2n G(0) , where P2n is
a polynomial of 2nth degree on source η. Therefore at the nth step
the computation of Schwinger functions reduced to solving a closed
system of 2n linear integral equations.
A solution of the first step equation is
G(1) = [ 21 G2 · η 2 − ∆1 · η]G(0) ,
where G2 is the leading-order two-particle (four point) function and
∆1 is the next-to-the leading-order ( NLO) correction to the
propagator.

7.The Rochev method of construction for Landau pole free
approximation in small distances

SDE at n = 1 is the equation for the two-particle function


x y
2
2
(m − ∂x )G2
=
x0 y 0
= δ(x − y 0 )∆0 (x0 − y) − λ∆0 (x − y)G2



x x
x0 y 0


, (9)
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7.The Rochev method of construction for Landau pole free
approximation in small distances
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whose solution gives us to following function


x y
G2
= ∆0 (x − y 0 )∆0 (x0 − y)−
x0 y 0
Z
− dx1 dx2 ∆0 (x − x1 )∆0 (x0 − x2 )f (x1 − x2 )∆0 (x1 − y)∆0 (x2 − y 0 ), (1
where in momentum space
f (p) =

λ
.(11)
1 + λL0 (p)

7.The Rochev method of construction for Landau pole free
approximation in small distances

Above
Z
Λ0 (p) =
Λ

53

d4 q
∆0 (p + q)∆0 (q)(12)
(2π)4

is the single scalar loop and label Λ means that some regularization
implied. Note, that first term in Eq.(10) is the missed disconnected
part of the two-particle function of a leading approximation.
Hence, the connected structure of the two-particle function is
restored at the first step of iterations.
Such a peculiarity of the iteration scheme is originated by the
bilocal source and is not something exceptional: as is well-known,
the similar phenomenon appears also in constructing
1/N −expansion in the bilocal source formalism.

7.The Rochev method of construction for Landau pole free
approximation in small distances
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The crossing properties of two-particle function in such iteration
schemes are also restored stage-by-stage when the next terms in
the expansion are taken into account.
A detailed discussion of this topic can be find in works by Rochev.
All above formulae for the propagator ∆0 and amplitude f contain
divergent integrals and should be renormalized.
In correspondence with the standard recipe we introduce the
renormalized Lagrangian
λ ∗ 2
(φ φ) , (13)
2
where φ, m and λ are the renormalized field, mass and coupling,
accordingly,
L = −∂µ φ∗ ∂µ φ − m2 φ∗ φ −

7.The Rochev method of construction for Landau pole free
approximation in small distances

and add the counter-terms
λ
∆L = −(z − 1)∂µ φ∗ ∂µ φ − δm2 φ∗ φ − (zλ − 1) (φ∗ φ)2 (14)
2
which absorb the divergences. The resulting Lagrangian
Lb = L + ∆L has the following form
Lb = −∂µ φ∗b ∂µ φb − m2b φ∗b φb −

λb ∗ 2
(φ φb ) .(15)
2 b
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7.Numerical and graphical data

56

In ϕ -theory in the framework of a called as "two-particle
approximation" is considered a first non-trivial step, which give to
non-linear Volterra equation for amplitude
Z ∞
1
1
= + l(t) +
dt1 K(t, t1 )y(t1 )(16)
y(t)
g
0
where
g
1
l(t) = ( − 1)log(1 + t) + (1 − g)(1 − log(1 + t)),
2
t
t1
1
1+t
t(1 + t1 )
K(t, t1 ) =
− 1 + log
+ t1 log
t
t
1 + t1
t1 (1 + t)
Here g, is coupling constant and t =
particle.

p2
m2

- momenta, m -mass of
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Comment 1:
With the fall g, Landau "point" tL slowly increasing!

62

7.Numerical and graphical data

63

7.Numerical and graphical data

64

7.Numerical and graphical data

65

7.Numerical and graphical data

66

7.Numerical and graphical data

67

Comment 2:
in terms of lower than g = 0.99, the situation doubles(!) for Landau
pole
which confirms the personal words of Landau:
that such non-physical poles must be reduced counter non-physical
pole, in the summation of infinite number Feynman diagrams!
Vladimir Fainberg
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Comment 3:
at large momenta, and a much larger mass, a non-physical pole
disappears!
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My teacher Vladimir Fainberg was correct, listened to the
personal word of Landau:
that such non-physical poles must be reduced counter non-physical
pole, the summation of an infinite number of Feynman diagrams

Theoretical Physics in the XX century

LD Landau. "On the fundamental issues."Review "Theoretical
Physics in the XX century 1960:
"Operators ψ containing unobservable information should disappear
from the theory; and because the Hamiltonian can be built only
from the operators, we need to come to the conclusion that the
Hamiltonian method for strong interactions outlived its usefulness
and should be buried, of course, with all the respect it deserves"!
Do Landau wrote?
or
Genius write premature conclusions, sometimes!

Theoretical Physics early years of XX century and in the XXI
century

If the facts don’t fit the theory, change the facts.!
A. Einshtein
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