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Motivation

Perturbative Quantum Gravity

• Gravitons are small quantum metric perturbations
• Gravitons and particles with s = 2 and m = 0
• Flat background enforces the Poincare symmetry
• The theory is effective
• The theory is non-renormalisable
• Allows for standard calculations



Motivation

Perturbative metric expansion

gµν = ηµν + κ hµν

It spawns an infinite series

gµν = ηµν − κ hµν + κ2 hµσhσ
ν +O(κ3)

Functional integral is the way to quantise the theory

Z =

∫
D[g ] exp [iA[g ]] =

∫
D[h] exp [iA[η + κh]]



Motivation

The theory has an infinite number of interactions

A=

∫
d4x

[
−

1

2
hµνOµναβ□hαβ+κ V̂ρ1σ1ρ2σ2ρ3σ3

(3) hρ1σ1
hρ2σ2

hρ3σ3

+κ2 V̂ρ1σ1ρ2σ2ρ3σ3ρ4σ4

(4) hρ1σ1
hρ2σ2

hρ3σ3
hρ4σ4

+O
(
κ3
) ]

The standard diagrammatic works

µν αβ
,
µ1ν1 µ2ν2

µ3ν3

,
µ1ν1

µ3ν3

µ2ν2

µ4ν4

, · · ·



Motivation
The issue with the renormalisation

Infinite number
of counterterms

⇒ Infinite amount
of data

Tree level R 1 coupling

One-loop R , R2, R2
µν 3 couplings

Two-loop R , R2, R2
µν, R

3
µναβ, · · · 13 couplings

Goroff, Sagnotti, Phys.Lett.B 160 (1985) 81

Kallosh, Nucl.Phys.B 78 (1974) 293

Nieuwenhuizen, Wu, J.Math.Phys. 18 (1977) 182

https://doi.org/10.1016/0370-2693(85)91470-4
https://doi.org/10.1016/0550-3213(74)90284-3
https://doi.org/10.1063/1.523128


Motivation

The solution: the theory is effective

Perturbative expansion breaks when hµν ∼ κ−1:

gµν = ηµν + κ hµν

• Perturbative expansion breaks

• Perturbative theory breaks

• The theory applicable below the Planck scale

• No need to use all order of perturbation theory

Infinite number
of counterterms

⇔ Finite applicability
of effective theory



Motivation

Perturbative quantum gravity
the simplest model of quantum gravity

Flat background ↔ Standard QFT
Scattering amplitudes

Perturbative expansion ↔ Effective theory
↓
The lack of information
on UV behaviour
↑

UV divergences ↔ Renormalisation



Motivation

The computational challenge:
interaction rules are huge!

3-graviton vertex contains 171 terms
4-graviton vertex contains 2850 terms

DeWitt, Phys.Rev. 162 (1967) 1239
Sannan, Phys.Rev.D 34 (1986) 1749

Goroff, Sagnotti, Nucl.Phys.B 266 (1986) 709
Prinz, Class.Quant.Grav. 38 (2021) 21, 215003

https://doi.org/10.1103/PhysRev.162.1239
https://doi.org/10.1103/PhysRevD.34.1749
https://doi.org/10.1016/0550-3213(86)90193-8
https://doi.org/10.1088/1361-6382/ac1cc9


Motivation

Vµα,νβ,σγ(k1, k2, k3) = sym
[
− 1

2
P3(k1 ·k2 ηµαηνβησγ)−

1

2
P6(k1νk1βηµαησγ) +

1

2
P3(k1 ·k2 ηµνηαβησγ)

+ P6(k1 ·k2 ηµαηνσηβγ) + 2P3(k1νk1γηµαηβσ)− P3(k1βk2µηανησγ)

+ P3(k1σk2γηµνηαβ) + P6(k1σk1γηµνηαβ) + 2P6(k1νk2γηβµηασ)

+ 2P3(k1νk2µηβσηγα)− 2P3(k1 ·k2 ηανηβσηγµ)
]

Vµα,νβ,σγ,ρλ(k1, k2, k3, k4) = sym
[
− 1

4
P6(k1 ·k2 ηµαηνβησγηρλ)−

1

4
P12(k1νk1βηµαησγηρλ)−

1

2
P6(k1νk2µηαβησγηρλ)

+
1

4
P6(k1 ·k2 ηµνηαβησγηρλ)+

1

2
P6(k1 ·k2 ηµαηνβησρηγλ)+

1

2
P12(k1νk1βηµαησρηγλ)

+ P6(k1νk2µηαβησρηγλ)−
1

2
P6(k1 ·k2 ηµνηαβησρηγλ)+

1

2
P24(k1 ·k2 ηµαηνσηβγηρλ)

+
1

2
P24(k1νk1βηµσηαγηρλ) +

1

2
P12(k1σk2γηµνηαβηρλ)+P24(k1νk2σηβµηαγηρλ)

− P12(k1 ·k2 ηανηβσηγµηρλ)+P12(k1νk2µηβσηγαηρλ)+P12(k1νk1σηβγηµαηρλ)

− P24(k1 ·k2 ηµαηβσηγρηλν)− 2P12(k1νk1βηασηγρηλµ)− 2P12(k1σk2γηαρηλνηβµ)

− 2P24(k1νk2σηβρηλµηαγ)− 2P12(k1σk2ρηγνηβµηαλ) + 2P6(k1 ·k2 ηασηγνηβρηλµ)
− 2P12(k1νk1σηµαηβρηλγ)− P12(k1 ·k2 ηµσηαγηνρηβλ)− 2P12(k1νk1σηβγηµρηαλ)

− P12(k1σk2ρηγληµνηαβ)− 2P24(k1νk2σηβµηαρηλγ)− 2P12(k1νk2µηβσηγρηλα)

+ 4P6(k1 ·k2 ηανηβσηγρηλµ)
]

Sannan, Phys.Rev.D 34 (1986) 1749

https://doi.org/10.1103/PhysRevD.34.1749


Motivation

“Furthermore, the graviton n-point vertex Feynman rules with n > 2
for (effective) Quantum General Relativity read:”

Gµ1ν1|···|µnνn
n (pσ1 , · · · , pσn ) =

i

2n

∑
µi↔νi

∑
s∈Sn

g
µs(1)νs(1)|···|µs(n)νs(n)
n

(
pσs(1), · · · , pσs(n)

)

gµ1ν1|···|µnνn
n (pσ1 , · · · , pσn ) =

(−κ)n−2

2

∑
m1+m2=n

{
m1−1∑
i=0

δm1 ̸=n

(
δ̂µµ0

δ̂ρνi+1

i∏
a=0

η̂µaνa+1

)(
δ̂νµi

δ̂σνm1

m1−1∏
b=i

η̂µbνb+1

)[
pm1
µ pm1

ν δ̂
µm1
ρ δ̂

νm1
σ − pm1

µ pm1
ρ δ̂

µm1
ν δ̂

νm1
σ

]

−
∑

j+k+l=m1−2

(
δ̂µµ0

δ̂ρνj+1

j∏
a=0

η̂µaνa+j

)δ̂νµj
δ̂σνj+k+1

j+k∏
b=j

η̂µbνb+1

δ̂κµj+k
δ̂λνm1−1

m1−2∏
c=j+k

η̂µcνc+1

(δm1 ̸=n

[(
pn−1
µ δ̂µn−1

ρ δ̂νn−1
κ

)(1
2
pnλδ̂

µn
ν δ̂νnσ − pnν δ̂

µn

λ δ̂νnσ

)

+
1

2

(
pn−1
ν δ̂µn−1

µ δ̂νn−1
κ

)(
pnσδ̂

µn
ρ δ̂νnλ

)]
+
(
pn−1
κ δ̂µn−1

µ δ̂νn−1
ρ

)(1
2
pnν δ̂

µn
σ δ̂νnλ − 1

4
pnλδ̂

µn
ν δ̂νnσ

)
−
(
pn−1
ν δ̂µn−1

µ δ̂νn−1
κ

)(1
2
pnρ δ̂

µn
σ δ̂νnλ − 1

4
pnσδ̂

µn
ρ δ̂νnλ

)}

×


∑

i+j+k+l=m2
i≥j≥k≥l≥0

j−k∑
p=0

k−l∑
q=0

q∑
r=0

l∑
s=0

s∑
t=0

t∑
u=0

u∑
v=0

(1
2

i

)(
i

j

)(
j

k

)(
k

l

)(
j − k

p

)(
k − l

q

)(
q

r

)(
l

s

)(
s

t

)(
t

u

)(
u

v

)
(−1)p+q−r+s−t+v 2−j+l+r+s+2t−3u+v3−k+q−r+s−t+u

×

(
m1+a∏

a=m1+1

η̂µaνa

)(
m1+a+b∏

b=m1+a+1

η̂µbµb+b η̂νbνb+b

) m1+a+2b+c∏
c=m1+a+2b+1

η̂µcνc+c η̂µc+cνc+2c η̂µc+2cνc

 m1+a+2b+3c+d∏
d=m1+a+2b+3c+1

η̂µdνd+d η̂µd+dνd+2d η̂µd+2dνd+3d η̂µd+3dνd

}

Prinz, Class.Quant.Grav. 38 (2021) 21, 215003

https://doi.org/10.1088/1361-6382/ac1cc9


Motivation

Goals:

• Develop a framework
to calculate interaction rules efficiently

• Obtain rules for
· General relativity
· Horndeski gravity
· Dirac fermions
· Vector fields
· SU(N) Yang-Mills model
· other theories

• Implement them in a computational package

Latosh, Class.Quant.Grav. 39 (2022) 16, 165006
Comput.Phys.Commun. 292 (2023) 108871
Comput.Phys.Commun. 310 (2025) 109508

https://doi.org/10.1088/1361-6382/ac7e15
https://doi.org/10.1016/j.cpc.2023.108871
https://doi.org/10.1016/j.cpc.2025.109508


1 Motivation

2 Perturbative Expansion

3 Feynman Rules

4 FeynGrav

5 Conclusion



Perturbative Expansion

Finite and infinite expansions

gµν = ηµν + κ hµν is a finite expansion
gµν = ηµν − κ hµν + · · · is an infinite expansions
∂αgµν = κ ∂αhµν is a finite expansion
∂αg

µν = −gµρg νσ∂αgρσ is an infinite expansion

Derivatives and infinite expansions factorise

Examples:

Rµναβ = ∂µΓανβ − ∂νΓαµβ + gρσ {ΓρναΓσµβ − ΓρµαΓσνβ}

Γαµν =
κ

2
[∂µhνα + ∂νhµα − ∂αhµν ]



Perturbative Expansion

Factorisation

A =

∫
d4x

√
−gL

[
gµν, Γαµν, g

µν, Γαµν,Ψ
]

=

∫
d4x

√
−g Linfinite [g

µν]︸ ︷︷ ︸
infinite part

Lfinite [gµν, Γαµν,Ψ]︸ ︷︷ ︸
finite part

• The finite part is calculated explicitly.

• The infinite part is generated
on a compute for each perturbation order.



Perturbative Expansion

Notations

X
note
=

∞∑
n=0

κn (X )ρ1σ1···ρnσn hρ1σ1
· · · hρnσn

Example

gµν= (gµν)+κ (gµν)ρ1σ1hρ1σ1
+κ2 (gµν)ρ1σ1ρ2σ2hρ1σ1

hρ2σ2
+· · ·

Perturbative expansion reduces to its coefficients.



Perturbative Expansion

Inverse metric

gµν = ηµν +
∞∑
n=1

(−κ)n (hn)µν

note
=

∞∑
n=0

κn (gµν)ρ1σ1···ρnσn hρ1σ1
· · · hρnσn

(hn)µν
note
= hµσ1

hσ1
σ2
· · · hσn−1ν = I µνρ1σ1···ρnσn

(1+n) hρ1σ1
hρ2σ2

· · · hρnσn

Plain I -tensor of the n-th order

I ρ1σ1···ρnσn

(n)

def
= ησ1ρ2ησ2ρ3 · · · ησnρ1



Perturbative Expansion

The inverse metric expansion is completely defined.

gµν =
∞∑
n=0

(−κ)nI µνρ1σ1···ρnσn

(1+n) hρ1σ1
· · · hρnσn

(gµν) = I µν(1) = ηµν

(gµν)ρσ = −I µνρσ(2) = −ηνρησµ

(gµν)ρ1σ1ρ2σ2 = I µνρ1σ1ρ2σ2

(3) = ηνρ1ησ1ρ2ησ2µ

↓
(gµν)ρ1σ1···ρnσn = (−1)nI µνρ1σ1···ρnσn

(1+n)



Perturbative Expansion

Perturbative expansion for the volume factor

√
−g =

∞∑
n=0

(−κ)n
n∑

m=1

1

m!

(
−
1

2

)m
[ ∑
k1+···+km=n

tr hk1 · · · tr hkm
k1 · · · km

]

√
−g = [− det {ηµσ (δσν + κ hσν)}]1/2 =

[
det
{
1 + κ ĥ

}]1/2
=
[
det exp ln

{
1 + κ ĥ

}]1/2
= exp

[
1

2
tr ln

{
1 + κ ĥ

}]
= exp

[
−
1

2

∞∑
n=1

(−κ)n

n
tr (hn)

]

= 1+

(
−
1

2

∞∑
n=1

(−κ)n

n
tr (hn)

)
+· · ·+

1

m!

(
−
1

2

∞∑
n=1

(−κ)n

n
tr (hn)

)2

+ · · ·



Perturbative Expansion

Implicit definition with the plain C -tensor

√
−g =

∞∑
n=0

κnC ρ1σ1···ρnσn

(n) hρ1σ1
· · · hρnσn

The plain C -tensor admits a recurrent relation

C ρ1σ1···ρnσn

(n) =
1

2n

n∑
k=1

(−1)k−1I ρ1σ1···ρkσk

(k) C ρk+1σk+1···ρnσn

(n−k)

The relation derived with the Jacobi formula

d

dz

√
− det [ηµν + z κ hµν]

∣∣∣∣∣
z=1

=
κ

2

√
−g gµν hµν



Perturbative Expansion

Scaled metric that is only used for calculations

gµν
def
= ηµν + z κ hµν

Infinitesimal scaling action on the volume factor

d

dz

√
− det [ηµν + z κ hµν ]

∣∣∣∣∣
z=1

=
κ

2

√
−g gµν hµν

=
∞∑
n=1

κn
n∑

k=1

(−1)k−1

2
I ρ1σ1···ρkσk

(k) C
ρk+1σk+1···ρnσn

(n−k) hρ1σ1 · · · hρnσn

Plain C -tensor definition

d

dz

√
− det [ηµν + z κ hµν ]

∣∣∣∣∣
z=1

=
d

dz

∞∑
n=1

κn C ρ1σ1···ρnσn

(n) zn hρ1σ1 · · · hρnσn

∣∣∣∣∣
z=1



Perturbative Expansion

The volume factor coefficient is completely defined.

√
−g =

∞∑
n=0

κnC ρ1σ1···ρnσn

(n) hρ1σ1
· · · hρnσn

(
√
−g) = C(0) = 1

(
√
−g)ρ1σ1 = C ρ1σ1

(1) =
1

2
ηρ1σ1

(
√
−g)ρ1σ1ρ2σ2 = C ρ1σ1ρ2σ2

(2) =
1

8
ηρ1σ1 ηρ2σ2 −

1

4
ησ1ρ2 ησ2ρ1

...



Perturbative Expansion

Vierbein is also completely defined
Prinz, Class.Quant.Grav. 38 (2021) 21, 215003

eµν =
∞∑
n=0

κn

(1
2

n

)
Iµ

νρ1σ1···ρnσn hρ1σ1
· · · hρnσn

eµ
ν =

∞∑
n=0

κn

(
−1

2

n

)
Iµ

νρ1σ1···ρnσn hρ1σ1
· · · hρnσn

Here
(
a
b

)
= Γ(a+1)

Γ(b+1)Γ(a−b+1) are binomial coefficients

https://doi.org/10.1088/1361-6382/ac1cc9


Perturbative Expansion

The following factors mentioned are fully defined
and can be generated by a computer.

√
−g ,

√
−g gµν,

√
−g eµ

ν,
√
−g eµν√

−g gµ1ν1gµ2ν2,
√
−g gµ1ν1gµ2ν2gµ3ν3, · · ·

This is enough for the perturbation theory.
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Feynman Rules

Scalar field

A =

∫
d4x

√
−g

[
1

2
gµν ∇µϕ∇µϕ−

m2

2
ϕ2

]
=

∫
d4x

[
1

2

√
−g gµν ∂µϕ ∂νϕ−

m2

2

√
−g ϕ2

]
=

∞∑
n=0

∫ n∏
k=1

d4ki
(2π)4

hρiσi
(ki)

2∏
j=1

d4pj
(2π)4

ϕ(pj) (2π)
4δ
(
p1+p2+

∑
ki
)

×
−κn

2

[ (√
−ggµν

)ρ1σ1···ρnσn(p1)µ(p2)ν +m2
(√
−g
)ρ1σ1···ρnσn

]



Feynman Rules

ρ1σ1

ρnσn

p1

p2

= −i κn

[(√
−ggµν

)ρ1σ1···ρnσn
(p1)µ(p2)ν+(p1)ν(p2)µ

2
+m2

(√
−g
)ρ1σ1···ρnσn

]

µν

p1

p2

= i
κ

2

[
(p1)µ(p2)ν + (p1)ν(p2)µ − ηµν(p1 · p2)−m2ηµν

]

µν

αβ

p1

p2

= i
κ2

8

[
(m2 + p1 · p2) (ηµαηνβ + ηµβηνα − ηµνηαβ)

+ ηµν{(p1)α(p2)β + (p1)β(p2)α}+ ηαβ{(p1)µ(p2)ν + (p1)ν(p2)µ}
− ηµα{(p1)ν(p2)β + (p1)β(p2)ν} − ηµβ{(p1)ν(p2)α + (p1)α(p2)ν}

− ηνα{(p1)µ(p2)β + (p1)β(p2)µ} − ηνβ{(p1)µ(p2)α + (p1)α(p2)µ}
]

The number of terms grows with the number of gravitons N

approximately as N! 2N



Feynman Rules

Dirac fermions

ρ1σ1

ρnσn

p1

p2

= i κn

[
1

2

(√
−gem

µ
)ρ1σ1···ρnσn(p1−p2)µγ

m−
(√

−g
)ρ1σ1···ρnσn m

]

Proca field

ρ1σ1

ρnσn

p1,λ1

p2,λ2

= iκn

[
1

2

(√
−ggµαg νβ

)ρ1σ1···ρnσn
(p1)µ1

(p2)µ2
(Fµν)

µ1λ1(Fαβ)
µ2λ2

+m2
(√

−g gλ1λ2
)ρ1σ1···ρnσn

]

Fµν = −i pσ
(
Fµν
)σλ

Aλ(p)
(
Fµν
)σλ def

= δσµ δ
λ
ν − δσν δ

λ
µ



Feynman Rules

Vector field

A =

∫
d4x

√
−g

[
−
1

4
gµαg νβ FµνFαβ+

ϵ

2
gµνgαβ ∇µAν ∇αAβ−gµν ∇µc∇νc

]

Ghost vertex

ρ1σ1

ρnσn

p1

p2

= i κn
(√

−g gµν
)ρ1σ1···ρnσn Iµν

αβ(p1)α(p2)β

The vertex cancels out the contribution of non-physical polarisations



Feynman Rules

Vector vertex

ρ1σ1,k1

ρnσn,kn

λ1,p1

λ2,p2

= i κn

[
1

2

(√
−ggµαg νβ

)ρ1σ1···ρnσn
(p1)σ1

(p2)σ2
(Fµν)

σ1λ1(Fαβ)
σ2λ2

− ϵ
(√

−g gµ1λ1gµ2λ2
)ρ1σ1···ρnσn

(p1)µ1
(p2)µ2

+ ϵ
{(√

−ggµνgµ1λ1gµ2λ2
)ρ2σ2···ρnσn

(k1)σ
[
(p2)µ2

(Γµ1µν)
σρ1σ1+(p1)µ1

(
Γµ2µν

)σρ1σ1
]
+· · ·

}
−

ϵ

2

{(√
−g gµνgαβgµ1λ1gµ2λ2

)ρ3σ3···ρnσn
[
(k1)τ1 (k2)τ2

(
Γµ1µν

)τ1ρ1σ1
(
Γµ2αβ

)τ2ρ2σ2

+(k1)τ2 (k2)τ1
(
Γµ2µν

)τ1ρ2σ2
(
Γµ1αβ

)τ2ρ1σ1
]
+ · · ·

}]
Γµαβ = κ (−i) pλ (Γµαβ)

λρσ hρσ(p)

(Γµαβ)
λρσ =

1

2

[
δλαIβµ

ρσ + δλβ Iαµ
ρσ − δλµIαβ

ρσ
]



Feynman Rules

SU(N) Yang-Mills

Gravity couples to all kind of energy!

ρ1σ1

ρnσn

µ, a = i κn gs γ
m T a

(√
−g em

µ
)ρ1σ1···ρnσn

ρ1σ1

ρnσn

b

µ, c

p1, a

= −κn gs f
abc (p1)ν

(√
−g gµν

)ρ1σ1···ρnσn



Feynman Rules

SU(N) Yang-Mills

ρ1σ1

ρnσn

µ1,a,p1

µ2,b,p2

µ3,c ,p3

=κn gs f
abc
[
(p1 − p2)σ

(√
−g gµ1µ2gµ3σ

)ρ1σ1···ρnσn

+ (p3−p1)σ
(√

−ggµ1µ3gµ2σ
)ρ1σ1···ρnσn+(p2−p3)σ

(√
−ggµ2µ3gµ1σ

)ρ1σ1···ρnσn

]

ρ1σ1

ρnσn

µ1,a1

µ2,a2

µ3,a3

µ4,a4

=− i g 2
s κ

n
[
f a1a4sf a2a3s

((√
−g gµ1µ2gµ3µ4

)ρ1···σn−
(√

−g gµ1µ3gµ2µ4
))ρ1···σn

+ f a1a3sf a2a4s
((√

−g gµ1µ2gµ3µ4
)ρ1···σn −

(√
−g gµ1µ4gµ2µ3

))ρ1···σn

+ f a1a2sf a3a4s
((√

−g gµ1µ3gµ2µ4
)ρ1···σn −

(√
−g gµ1µ4gµ2µ3

))ρ1···σn
]



Feynman Rules

General relativity

AH+gf =

∫
d4x

√
−g

[
−

2

κ2
R+

ϵ

2κ2
gµν
(
gαβΓµαβ

)(
g ρσΓνρσ

)]
=

∫
d4x

√
−g gµνgαβg ρσ

(
−

2

κ2

)[
ΓαµρΓσνβ−ΓαµνΓρβσ−

ϵ

4
ΓµαβΓνρσ

]

Ghost sector

Aghost =

∫
d4x

√
−g
[
−gαβgµν∇αcµ∇βcν−2 Γµαβcµ∇

αcβ+Rµνc
µcν
]



Feynman Rules

Graviton propagator

µν αβ

∣∣∣∣∣
ϵ=2

=
i

k2
1

2
[ηµαηνβ + ηµβηνα − ηµνηαβ]

Ghost propagator

µ ν = −
i

k2
ηµν



Feynman Rules

µ3ν3, p3

µnνn, pn

µ1ν1, p1

µ2ν2, p2 =i 2κn−2
(√

−g gµνgαβg ρσ
)µ3ν3···µnνn

(p1)λ1
(p2)λ2

×

[
(Γαµρ)

λ1µ1ν1(Γσνβ)
λ2µ2ν2−(Γαµν)

λ1µ1ν1(Γρβσ)
λ2µ2ν2−

ϵ

4
(Γµαβ)

λ1µ1ν1(Γνρσ)
λ2µ2ν2

]
+ permutations

ρ1σ1,k1

ρnσn,kn

ν,p2

µ,p1

=i κn

[ (√
−g gµνgαβ

)ρ1σ1···ρnσn
(p1)α(p2)β −

(√
−ggµα g νβg ρσ

)ρ2σ2···ρnσn
(k1)λ

×
[
(p1)σ(Γβρα)

λρ1σ1 − (p2)σ(Γαρβ)
λρ1σ1 + (k1)ρ(Γσαβ)

λρ1σ1 − (k1)α(Γρβσ)
λρ1σ1

]
−
(√

−ggµα g νβg ρσgλτ
)ρ3σ3···ρnσn

(k1)λ1
(k2)λ2

×
[
(Γραλ)

λ1ρ1σ1(Γσβτ)
λ2ρ2σ2−(Γραβ)

λ1ρ1σ1(Γσλτ)
λ2ρ2σ2+(Γαρλ)

λ1ρ1σ1(Γβστ)
λ2ρ2σ2

] ]
+ permutations



Feynman Rules

s = 0 [1,2] Horndeski [2,3]
s = 1/2 [1,2] SU(N) Yang-Mills [3]
s = 1 [1,2] Axion-like coupling [3]
s = 2, m = 0 [1,2] Quadratic gravity [3]
s = 2, m ̸= 0 [3]

[1] Class.Quant.Grav. 39 (2022) 16, 165006
[2] Comput.Phys.Commun. 292 (2023) 108871
[3] Comput.Phys.Commun. 310 (2025) 109508

https://doi.org/10.1088/1361-6382/ac7e15
https://doi.org/10.1016/j.cpc.2023.108871
https://doi.org/10.1016/j.cpc.2025.109508
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FeynGrav

The package is publicly available.
https://github.com/BorisNLatosh/FeynGrav

User

FeynGrav

FeynCalc

Libraries

FeynGravLibrariesGenerator

Rules

https://github.com/BorisNLatosh/FeynGrav
https://feyncalc.github.io/


FeynGrav

Implemented rules

s = 0 Horndeski
s = 1/2 Dirac, SU(N) Yang-Mills
s = 1 Maxwell, Proca, SU(N) Yang-Mills,

Axion-like
s = 2 General Relativity, Quadratic Gravity,

Massive Gravity

FeynGrav: O
(
κ2
)

Mendeley Data: up to O
(
κ4
)

Latosh, Mendeley Data,“FeynGrav Libraries”, (2024)

https://doi.org/10.17632/9xrw2jjrbr.2


FeynGrav

Example: scalar-graviton vertex

µν

p1

p2

= GravitonScalarVertex[{µ, ν}, p1, p2,m]

=
i

2
κ
(
FVD[p1, ν]FVD[p2, µ] + FVD[p1, µ]FVD[p2, ν] +m2MTD[µ, ν] + MTD[µ, ν]SPD[p1, p2]

)



FeynGrav

Example: graviton scattering amplitude

µ2ν2,p2

µ4ν4,p4

µ1ν1,p1

µ3ν3,p3

=GravitonVertex[µ1, ν1, p1, µ2, ν2, p2, α1, β1,−(p1+p2)]

× GravitonPropagator[α1, β1, α2, β2, p1 + p2]

× GravitonVertex[µ3, ν3, p3, µ4, ν4, p4, α2, β2, p1+p2]

Evaluation time below 6 minutes

Sannan, Phys.Rev.D 34 (1986) 1749

https://doi.org/10.1103/PhysRevD.34.1749


FeynGrav

The complete amplitude on-shell in d = 4

+ + +

M =i
κ2

16

1

s t u

[
s4(1+h1h3)(1+h2h4)+t4(1−h1h2)(1−h3h4)

+(2 s3t+3 s2t2+2 s t3)
(
(1+h1h3)(1+h2h4)−(h1+h3)(h2+h4)

)]

Evaluation time below 15 minute



FeynGrav

Example: virtual graviton exchange
Classical case

L =
p21
2m1

+
p22
2m2

+
G m1m2

|r⃗1 − r⃗2|
dσ

dΩ
=

(G µm1m2)
2

4 p4cm sin4 θ2

Latosh, Yachmenev, Class.Quant.Grav. 40 (2023) 24, 245008

https://doi.org/10.1088/1361-6382/ad0b38


FeynGrav

Quantum case, tree level

= −i
κ2

4 t

(
s(s+t)−(2 s+t)(m2

1+m2
2)+m4

1+m4
2

)



FeynGrav

One-loop level

def
= + + + + + +

def
= + + + + +

Latosh, Mendeley Data, doi:10.17632/zyn47cnsz3.1, (2023).

https://doi.org/10.17632/zyn47cnsz3.1


FeynGrav

Tree level + one-loop level
+ low energy limit

dσ

dΩ
=

(G µm1m2)
2

4 p4cm sin4
θ

2

×

[{
1+O

(
p2cm
)}

+G
{
32π5pcm (m1+m2) sin

θ

2
+O

(
p2cm
)}

+O
(
G 2
) ]



FeynGrav

Other examples

• J.Exp.Theor.Phys. 136 (2023) 5, 555
• with A. Yachmenev, Class.Quant.Grav. 40 (2023) 24, 245008
• with M. Park, Phys.Rev.D 110 (2024) 4, 046025
• Lanosa, Santillan, arXiv:2504.14434
• Bohnenblust, Ita, Kraus, Schlenk, arXiv:2505.15724
• Ma, Zeng, arXiv:2502.04332
• Cassem, Hertzberg, arXiv:2408.12118
• Ewasiuk, Profumo, Phys.Rev.D 111 (2025) 1, 015008
• Wang, Battista, Eur.Phys.J.C 85 (2025) 3, 304

https://doi.org/10.1134/S1063776123050023
https://doi.org/10.1088/1361-6382/ad0b38
https://doi.org/10.1103/PhysRevD.110.046025
https://arxiv.org/abs/2504.14434
https://arxiv.org/abs/2505.15724
https://arxiv.org/abs/2502.04332
https://arxiv.org/abs/2408.12118
https://doi.org/10.1103/PhysRevD.111.015008
https://doi.org/10.1140/epjc/s10052-025-13833-7
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Discussion

• Perturbation theory is computable for all orders

• FeynGrav is enough to calculate quantum
gravitational effects in the standard model

• Further development:

· BRST formalism
· Fields redefinition
· New models: massive gravity, SUSY, etc
· Optimisation
· Spinor helicity formalism

and other tools

Thank you for your attention
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