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Gradient Flow

Dμ = ∂μ − iTaAa
μ(x)Fμν =

i
g

[Dμ, Dν]

ℒ = −
1
4

Fa
μνFa,μνfundamental QCD:

∂
∂t

Bμ(t, x) = 𝒟νGνμ(t, x)

Bμ(t = 0, x) = Aμ(x)

flowed gauge field:
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Gradient Flow: Flavor Physics

MW → ∞

perturbation 
theory lattice

C(MW, mt) ⋅

1
ϵ

ln adivergences:

gradient flow: ln t −ln t
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Gradient Flow in gravity = Ricci flow

QCD: ∂tBμ(t) = DνGνμ(t) = −
δS

δBμ(t)
gradient flow

gravity: ∂tgμν(t) = − 2Rμν(t) Ricci flow
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Gradient Flow in gravity = Ricci flow

QCD: ∂tBμ(t) = DνGνμ(t) = −
δS

δBμ(t)
gradient flow

gravity: ∂tgμν(t) = − 2Rμν(t) Ricci flow

proof of 
Poincaré conjecture
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Gradient Flow in gravity = Ricci flow

QCD: ∂tBμ(t) = DνGνμ(t) = −
δS

δBμ(t)
gradient flow

gravity: ∂tgμν(t) = − 2Rμν(t) Ricci flow

here: perturbative solution

application to RG structure of gravity
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4-loop flowed QED beta function

Gμν(t) = ∂μBν(t) − ∂νBμ(t) + [Bμ(t), Bν(t)]
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t2
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4π ( 152
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αGF
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Flavor structures in Effective Field Theories

Standard Model:
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Flavor structures in Effective Field Theories

Standard Model: SMEFT

2499 parameters

2452 related to flavor!
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Effective Field Theories: Flavor Structures

Flavor hierarchies:

Reflected in SMEFT parameters?  Minimal Flavor Violation?  Froggatt-Nielsen?
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Effective Field Theories: AutoEFT

Ga
μνQLσμνtauRΦvs. Rosetta stone
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