
BLTP JINR, 11-15 August  2025                                    

N.V.Krasnikov

INR RAS

and

JINR Dubna

Bounds on the Gell-Mann - Low 

function in QED 



This talk is based on my papers;

1. N.V.K.,Phys.Lett. 103B, 212 (1981).

2. N.V.K.,Nucl.Phys. B192, 497 (1981).

3. N.V.K., arXiv:2504.01514

Plus some new results
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1.Introduction

In quantum field theory the knowledge of the

beta functions and the anomalous dimensions

allows to determine the ultraviolet or infrared 

behavior of the model. For the Green 

function
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The 
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General inequalities on the example of QED
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General inequalities on the example of QED

BLTP JINR, 11-15 August  2025                                    



General inequalities on he example of QED
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Inequalities for GL function in QED
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Implications

QED with N identical fermions 

GL function in 4 loops 

A.L.Kataev, s.A.Gorishny, S.A.Larin

5 loops K.G.Chetyrkin et al.
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QED with N identical fermions
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QED with N identical fermions
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Bound on new particles contribution to the 

SM
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Bounds on dark matter  models
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Dark matter models

Three main assumptions

1. Dark matter model is renormalizable model

2. Experimental bound on elastic DM nucleon 

cross section is valid

3. At the early stage of the Universe DM was 

in equilibrium wih the SM matter and at some 

time it decouples. As a consequence the 

annihilation cross section is predicted to be 

around O(1) pb
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Elastic DM nucleon cross 

sections bounds . Bounds from underground experiments. Particle data
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WIMP

The most popular mass interval from LHC 

point of view  between O(1) GeV and 

O(1) TeV    -> WIMP = weakly interacting 

massive particles

Also mass interval between O(1) MeV and 

O(1) GeV is popular for fixed target 

experiments like NA64, BELLE,  SHIP, …

So called light dark matter
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Typical models

At LHC bounds depend on particular 

model. There are a lot of models. 

Simplified renormalized models:

A. Models with vector mediator

B. Models wth scalar mediator

Dark Matter: scalar, fermion, Majorana, vector

spin 1.

Here as an example we consider models with vector 

mediator and fermion dark matter

BLTP JINR, 11-15 August  2025                                    



Bounds for vector  (B-L) model 
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Underground experiments

Experimental bound on nucleon dark matter 

cross section for vector mediator and fermion 

dark mater 
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Bounds for vector (B-L) model
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Bounds for (B-L) vector model
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5.Conclusions

1. We have derived  rigorous bounds on the renormalization 

group functions in QFT(QED, QCD,..). The cornstone of 

the derivation is the fact that in many models the invariant 

charges are proportional to the propagators. Plus 

nonegativity of the spectral density in KL representation.

2. In many cases the knowledge of such bounds allows to 

restrict the parameters of such models with DM. In 

Particular,  dark matter model with (B-L) vector messenger.

Thank You for your attention.
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THE END
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Bounds in QCD
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QCD bounds
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Dark photon model generalization with an additional 

vector massive field

(N.V.K., Phys.Lett. B854(2024)138747)

Direct underground experiments lead to very strong bounds

on DM models. In particular, strong bounds arise for dark

photon model on mixing parameter ε. The main idea is that ε

parameter depends on the square of momentum transfer  q2 , i.e.

ε(q2) and for  ε(q2)  = cq2 at small q2 direct elastic cross section is

suppressed. Two possible realizations of this idea 

1. Nonlocal field theory – SM and dark sector are described by renormalizable 
field theory  but the interaction between them 

Is described by nonlocal field theory

2. The introduction of additional vector field allows realize this idea. 

Suppose we have additional Z’ boson interacting only with the SM 

fields, for instance Z’ interacting with (B-L) current  of the SM
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Introduction

Implications  from underground and 

accelerator experiments for different 

DM models are contained in recent review:

M.Lindner et al., arXiv:2403.15860

A lot of models at the level of exclusion
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Two-loop approximation
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