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The flow equation for the Wilsonian action in proper time regularization

is obtained by taking the “trace log” term and using the identity

with an appropriate regulator function                . A common choice is the class of functions

We consider this
type of regulator

Already RG-improved

Schwinger proper 
time representation
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● This type of regulator is a sharp cutoff in the variable s

● The 2-loop β-function for scalar theory with generic n is wrong
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Zappala (2002)
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● Massless theories, in mass-independent regularization schemes, have universal one- and two-
loop coefficients of the β-function.

● de Alwis (2018) claimed that the Wilsonian RG flow with proper time sharp cutoff is exact and 
gauge invariant. If he is right, this flow equation must reproduce the universal content.

● For the scalar massless O(N) theory, we (re-)computed one- and two-loop coefficients of the β-
function for quartic coupling and anomalous dimension and reproduced the well-known result.

● For the Yang-Mills theory, we employed the background field formalism, which has proven 
(see Abbott (1981)) to be able to reproduce one- and two-loop β-function coefficients of the 
gauge coupling, within perturbation theory, in a path integral formalism.

● We (re-)computed (part of) the one-loop action, obtaining the correct one-loop β-function 
coefficient, and importantly no gauge breaking operators at dimension two (mass) and six. 

● Finally, by reinserting the one loop action into the RG flow in the background gauge, we 
recovered the universal two loop coefficient of the beta function, which shows the level of 
consistency of the PT Flow equation.
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