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Theorem of Equivalence
S - matrix of renormalizable theory does not depend on non-linear,
local reparametrisation of fields

ϕj → ϕj +
(

ϕ2
)j

+
(

ϕ3
)j

+ · · · ,

Kallosh R.E., Tyutin I.V.,(1973), Yadernaya Fisika, v. 17, p. 190 (
in Russian)
Y.M.P.Lam, (1973), Phys. Rev., D7, p. 2043
Tyutin I.V., (1982) Yadernaya Fisika, v. 35, p. 222 ( in Russian)

Gravitational Theory

g∗µν = gµν(−g)p .

g∗

µν = gµν .



Dynamical variables
Gravitational Theory

g∗µν = gµν(−g)p .

g∗

µν = gµν .

Einstein Theory
g∗

µν = gµν .

Goroff M.H. & Sagnotti (1986), ucl. Phys. B266, p 709

g∗µν = gµν(−g)1/2.

Capper D.M. et al (1973), Phys. Rev. D8;(1974)Phys. Rev. D9;
(1974)Phys. Rev. D10

g∗µν = gµνexp(−g)1/2.

A.E.M. van de Ven, (1992), Nucl. Phys., B378, p. 309



Kallosh-DeWitt Theorem
Yang-Mills Theory
DeWitt B.S. (1965) "Dynamical Theory Groups and Fields"
Kallosh R.E. (1974), Nucl. Phys., B78,"Renormalization in
non-abelian gauge theories"
Einstein gravity
Kallosh R.E. et al,(1978), Nucl. Phys., B137,"One-loop finitness of
quantum gravity off mass shell"
Special case(Yang-Mills Theory)
McKeon G. et. al (1986), Nucl. Phys. B267

Lgf =
1

2α

(

nµAa
µ

)

f̂ (nνAaν) ,

where f̂ takes the next forms

f̂ = −1,

f̂ =
∂2

n2
,

f̂ = (n∂)2
(

n2
)2

.



Gauge and Parametrical Dependence of Quantum Einstein

Gravity

Ichinose I.(1993), Nucl. Phys. B395
Lagrangian

L =
√−gR(g)

Dynamical variables
gµν = gµν + hµν .

Gauge fixing

Fµ = ∇νh
∗ν
µ − l1∇µh

∗ + αJµ
αβhαβ + δKµ

λαβ∇λhαβ

where
Jµ

αβ = Jµ
αβ[∂νR , ∂νR

αβ]

and
Kµ

λαβ = Kµ
λαβ [R ,Rαβ,Rµναβ ]



One-loop divergences

∆Γ(1)
∞

∼ RµναβR
αβλδRλδ

µν (1)



Higher Derivative Quantum Gravity

L =
√−g

(

αR + βR2 + γRµνR
µν + δ∇α∇αR + Λ

)

,

where α, β, γ, δ,Λ are unknown parameters
Dynamical variables are

g∗

µν = ϕ(
√−g)gµν

So

gµν = gµν+ahµν+bgµνh+chµνh+dhαµhαν+egµνh
2+fgµνh

αβhαβ+etc.



One-Loop Divergences in Higher Derivative Quantum

Gravity

∆Γ(1)
∞

= − 1

32π(n − 4)

∫

d
4x
√−g

(

Λ2CΛ + CΛRΛR + C(1R2)RµνR
µν+

+ C(2R2)R
2 + C(3R2)RµναβR

µναβ + CRR + C5

)

,

where
Ci = Ci (a, b, c , d ....., lk , nj)

and

Lgf = l1A
2
ν + l2(∂µφ)

2 + l3Aµ∂
µφ+ l4(�φ)2 + l5F

2
µν + l6 (A

µ
,µ)

2+

+ n1h
2 + n2hµνh

µν

where we used the usual expressions φ = hαα,

Aµ = ∂νhµν , Fµν = ∂µAν − ∂νAµ.



Gauge Dependence

Kazakov K.A., Kalmykov M.Yu., Pronin P.I., Stepanyantz K.V.
(1998) Class. Quant. Grav. v.15, (1999)Phys. Rev.D59

ξ̂Γ(1)
∞

= a(1)gµν
δS(0)

δhµν

a(1) = a(1)(a, b, c , d ....., lk , nj)

To get gauge independent result is need to find

a(1) = 0



Particular Cases

Kazakov K.A., Pronin P.I., (2000),Phys. Rev.D
Ilya L.Shapiro et al (2002), Phys. Rev.D
Ohta N., Percacci R. (2015-2019) Nucl. Phys.

Conformal Gravity

Conformal Parametrization



General Case

XTW1X + V1X + s1 = 0

XTW2X + V2X + s2 = 0

XTW3X + V3X + s3 = 0

XTW4X + V4X + s4 = 0,



General Case (2)















































































a1x
2
+ b1y

2
+ c1z

2
+ d1t

2
+m1xy + n1xz + k1xt + l1yz+

+p1yt + q1zt + f1x + g1y + h1z + r1t + s1 = 0,

a2x
2
+ b2y

2
+ c2z

2
+ d2t

2
+m2xy + n2xz + k2xt + l2yz+

+p2yt + q2zt + f2x + g2y + h2z + r2t + s2 = 0,

a3x
2
+ b3y

2
+ c3z

2
+ d3t

2
+m3xy + n3xz + k3xt + l3yz+

+p3yt + q3zt + f3x + g3y + h3z + r3t + s3 = 0,

a4x
2
+ b4y

2
+ c4z

2
+ d4t

2
+m4xy + n4xz + k4xt + l4yz+

+p4yt + q4zt + f4x + g4y + h4z + r4t + s4 = 0,

a5x
2
+ b5y

2
+ c5z

2
+ d5t

2
+m5xy + n5xz + k5xt + l5yz+

+p5yt + q5zt + f5x + g5y + h5z + r5t + s5 = 0.



Concluding Remarks

- There are 1024 solutions for gauge independent results
- Only 2 have been found
- Physical parametrization
- Refusion on quantum gravity
- Refusion "metrical"quantum theory of gravitation



Concluding Remarks II

Gauge affine-metric gravity

L =
1

16πG
{R + Qλµν(a1Q

λµν + a2Q
νµλ + a3g

λνQαµ
α)+

+ Rαβµν(b1Rαβµν + b2Rµναβ + b3Rαµβν+

+ b4Rαµgβν + b5Rµαgνβ + b6gµαgνβR)}.

gβν - classical variable,

Γλµν - quantum variable



Thank You !


