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R '-operation and locality

‘R-operation is a procedure of subtraction of all UV-divergences in the Feynman

graph G RoG=(1-K)R oG
R’'-operation is incomplete R-operation, i.e. R-operation without the last

subtraction
Result of R'-operation is always local (according to Bogoliubov-Parasiuk

theorem) A e A
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Kazakov et al. 2016

Recurrence relations

Locality condition leads to relation ..and to relation between (sub...)leading
between (sub...)leading poles of n-th poles and logarithms
and the first PT-order
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These recurrence relations can be used in any ways to construct RG-like
equations in any local quantum field theory whether renormalizable it is or not




How to use?

* Write down UV-divergent Feynman diagrams for some quantity
(amplitude, effective potential, effective action etc)

* Evaluate integrals

* Find relation between orders with respect to general recurrence
relations

Our playground are effective potentials

Effective potential (EP) is a part of effective action
which do not depend on momenta (derivatives)




Typical example of use R'-operation to obtain
leading order of PT series
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For renormalizable models the task sometimes simple but one need to
calculate at least up to third loops. For the non-renormalizable quantum
field theory the same is possible one needs to reconstruct operators
generating new PT counter-terms

For the subleading order one needs 5 loops to find specific recurrence
relations!




R-rule

* R’-operation form in the given order repeats the structure of

divergent diagrams in the same order (rhs of recurrence relations
has to have the structure of loop graphs)

* Recurrence equations except ones for the highest divergences
should be linear in their own order, i.e. all divergent and
logarithmic contributions should be linear



Effective potential quantum field theory: setup

Generating functional

1Pl generating functional
and effective action

Effective potential

Shifted action

Formal expansion of
effective potential
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Effective potential in logarithmic expansion
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Leading EP in arbitrary scalar field theory

Let us consider the model in d = 4 — 2¢

L= —( 0u)” — AVo(¢)

Quantum correction to effective potential
can be represented as formal sum
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One-loop smgular contribution to effective
potential can be written formally:
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Leading EP in arbitrary scalar field theory

Recurrence relation
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Renormalizable case:
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General form of recurrence
relation for leading divergencies

Do Do

Approved for the SO(N)-symmetric
models, non-minimal interaction
with curvature etc.
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Subleading EP in arbitrary scalar field theory

correction to propagator

{I,J,K} ={A, B}

n-bubble topology leading subleading ak
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One-loop contribution
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Subleading EP in arbitrary scalar field theory

correction to propagator Dk
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Subleading EP in arbitrary scalar field theory
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Equations summing all subleading
contributions in effective potential
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Scheme dependence

Transformation to nonminimal subtraction scheme .. leads to extra term in solution
z—=2(14€cp) Y9 (z,0) = L8+ AYp
Equation for the additional part
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without any particular integrals of complicated PDE we can track the one-
loop subtraction scheme coefficient!



Subleading EP in renormalizable scalar theory

correction to propagator P o 2
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Equations summing all subleading contributions in
effective potential
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Equation linking subleading logarithms with
subleading poles
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These equations can be easily integrated!
Let us check solutions!

{I,J,K} ={A, B}



Subleading EP in renormalizable scalar theory

Solution for the subleading poles contribution to effective potential
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Solution for the poles contribution to propagator
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Solution for the subleading logarithms in
minimal subtraction scheme

Kazakov,Vladimirov, Tarasov'1979
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We can reproduce beta-function!
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Even here results are consistent with results of Ovsyannikov-Callan-Symanzik-equations!



Conclusions and prospectives

* There is hidden structure in quantum field theory that exactly can be recovered with the help of
locality directly from Feynman diagrams

» Useful tool for that is the R-rule which allow to build analogous of Ovsyannikov-Callan-Symanzik
equation without using multiplicativity of renormalization

* Equations for EP in any local quantum field theory can be obtained using R-rule easily. They
reproduce known perturbative results for simple models.

* Scheme dependence of one-loop subtraction can be extracted and controlled by the LLA equation

o Consequences for usual RG-equations in renormalizable models (QED,QCD: 2604.04766)
o Cosmological applications? (in work)
o Anything on amplitudes or EA? Nonlinear sigma-models?

o Can the R-rule help to analyze scheme-dependence in non-renormalizable models?



Thank you for your attention!



