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Renormalization in Perturbative Quantum Gravity
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M Perturbatively quantized Einstein gravity is famously nonrenormalizable due to negative mass di-
mension of its coupling constant Gy ~ M52 ..

M Space Time topology M = R~ x 779

B Actual energy scale of gravitational interactions

M Nevertheless, it can be treated as an effective field theory
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B Gravitational Corrections
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keeping only terms up to a fixed order in Gy.

B Question in this framework: Does inclusion of gravity alter the running of the Standard Model
couplings, i. €. Guamen (1), Goa(14); Vvna( 1) 5 At (1) ?

Methods and Results

B Expansion in the field variables yields Feynman rules for vertices
of arbitrary order in h:

B Regularization. Split the loop integrals at sliding scale u B The 3 functions of Yukawa and ¢ interactions receive

gravitational correction, but these do not act in the
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by counterterms d4(11, A) (
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B The Yang-Mills 5 function is free of gravitational
contributions

— Determine the 1 dependence of the renormalized coupling
g(p), from the counterterms via g(A) = g(p) + 0,4(u, A)
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Recent Results

Fixed points of the RG flow
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B Beyond Perturbation Theory. Quantum gravity can be de-
fined as a non-perturbative quantum field theory within the
asymptotic safety scenario. While the ultraviolet fixed point )
is very well-established, much less is known about the infrared
behavior which is usually plagued by divergences.

B We computed the RG flow of the graviton propagator
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B Scale-dependent Einstein—Hilbert action. We approxi-

mate the effective action by
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Dimensionless couplings gy = kQGN’k and A = A, /K>

B The Functional Renormalization Group is governed by its
exact flow equation
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