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Motivation



Motivation

• No preferred BSM-model
• SMEFT: general parameterization of heavy New Physics
• No room for new light degrees of freedom
• Automation of matching desirable

matching

LUV

UV-theory

LSM +LLNP

Standard Model
+ new light dofs

Energy scale
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Goal

Goal: Given a quantum field theory, described by L, with two scales Λ
and v and scale separation Λ≫ v calculate the effective Lagrangian,
Leff, obtained by integrating out particles with masses ∼ Λ at
one-loop including operators of mass dimension ≤ 6.

All of this should happen at the push of a button!
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Functional matching

• Functional matching: Impose ΓL,UV = ΓEFT
• Starting point: generating functional

ZUV[JΦ, Jϕ] = ∫ DΦDϕ exp [iSUV[Φ, ϕ] + iJΦ,xΦx + iJϕ,xϕx]

• Only light external particles⇒ JΦ = 0
• Generator of 1LPI Green’s functions

ΓL,UV[ϕb] = −i log ZUV[JΦ = 0, Jϕ] − ϕb,xJϕ,x

• Background field method:

ϕ = ϕb + δϕ,
δSUV
δϕ
[Φb, ϕb] + Jϕ = 0

Φ = Φb + δΦ,
δSUV
δΦ
[Φb, ϕb] = 0
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Functional matching

• Expand around background fields

SUV[Φ,ϕ]+Jϕ,xϕx =SUV[Φb,ϕb]+Jϕ,xϕb,x

+ 1
2(δΦ

T
x δϕTx)

⎛
⎜⎜⎜
⎝

δ2SUV
δΦδΦ
[Φb, ϕb]xy δ2SUV

δΦδϕ
[Φb, ϕb]xy

δ2SUV
δϕδΦ
[Φb, ϕb]xy δ2SUV

δϕδϕ
[Φb, ϕb]xy

⎞
⎟⎟⎟
⎠

⎛
⎜⎜
⎝

δΦy

δϕy

⎞
⎟⎟
⎠

+⋯

• Tree-level: ΓtreeL,UV[ϕb] = SUV[Φb, ϕb]
• One-loop: Γ1-loopL,UV [ϕb] = ics log detQUV

QUV =
⎛
⎝
− δ

2SUV
δΦδΦ
[Φb, ϕb] − δ

2SUV
δΦδϕ
[Φb, ϕb]

− δ
2SUV
δϕδΦ
[Φb, ϕb] − δ

2SUV
δϕδϕ
[Φb, ϕb]

⎞
⎠
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Functional matching

• Similar approach to EFT part, with SEFT[ϕ] = StreeEFT [ϕ] + S
1-loop
EFT [ϕ]

• ΓtreeEFT [ϕb] = StreeEFT [ϕb]

• Γ1-loopEFT [ϕb] = S
1-loop
EFT [ϕb] + ics log det(−

δ2StreeEFT
δϕδϕ
[ϕb])

• Tree-level matching yields StreeEFT [ϕb] = SUV[Φb, ϕb]
• Note: Φb = Φb[ϕb] = ∑∞n=0 1

Mn Fn[ϕb]
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Functional Matching

• For one-loop part introduce

Xσρ = −
δ2SUV,int
δσδρ

[Φb, ϕb],

∆ρ = −P2 +M2
ρ + Xρρ,

Pµ = iDµ

• Matching condition yields

S1-loopEFT [ϕb] = icsTr log (∆Φ − XΦϕ∆−1ϕ XϕΦ)

• Evaluate using a Covariant Derivative Expansion

L1-loopEFT = cs∑
ij⋯
fij⋯ tr (Oij⋯)
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Complications due to statistics

• How to treat δψ δ2S
δψδϕ

δϕ?

• What about δθ δ2S
δθδϕ

δϕ for θ ∈ R and ϕ ∈ C?

Diagonalizations necessary
Unified framework

Fermion Boson∗

H Ξ = (Ψ Ψc Λ)
T

Φ = (Σ Σ∗ Θ)
T

L ξ = (ψ ψc λ)
T

ϕ = (σ σ∗ θ)
T

*Possible to use result for massive vector bosons in Feynman gauge
(and to some extent for gauge bosons)
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UOLEA

• One-loop result

L = 1
16π2∑α

∑
ij...
Fα(Mi,Mj, . . . )Oαij...,

• Here Fα(Mi,Mj, . . . ) are universal coefficients that are calculated
once and for all
Example:
F(Mi,Mj) = − 16 Ĩ[q

2]11ij =
M4
j −M

4
i

16(M2
i −M

2
j )
+ log(M2

i /µ
2)M4

i −log(M
2
j /µ

2)M4
j

24(M2
i −M

2
j )

+ M4
j −M

4
i

12(M2
i −M

2
j )ϵ

• Theory dependence in Oαij⋯, e.g.

(XΞΞ)ijγµ(XΞΞ)jk(XΞΞ)klγµ(XΞΞ)li

[Pµ, (XΞΞ)ij][Pµ, (XΞΞ)ji]

• Matching amounts to calculating derivatives and sums (and a lot
of algebra)
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Status

Φ Vµ ψ vµ c
Φ ✓ ✓ ✓ X X
Vµ ✓ ✓ ✓ X X
ψ ✓ ✓ ✓ ✓/X X
vµ X X X X X
c X X X X X

Known:

• Scalars and massive vectors [1706.07765]
• Unified framework: Fermions, scalars, massive vectors
• Regularization translation DRED-DREG [1806.05171]

Missing:

• gauge bosons (scalar-gauge-boson couplings)
• Higher dimensional operators with derivative couplings in ‘full’
theory

• Ghosts 10



How to use the UOLEA



Example: Integrating out the gluino from the MSSM

LEFT ⊃ c(̃t∗Lit̃Li)(̃t
∗
Ljt̃Lk)(̃t

∗
Lkt̃Lj)
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Example: Integrating out the gluino from the MSSM

LEFT ⊃ c(̃t∗LĩtLi)(̃t
∗
Lj̃tLk)(̃t

∗
Lkt̃Lj)

Relevant interactions

Lint = −
√
2g3 (̄tPRg̃aTat̃L − t̄PLg̃aTat̃R + t̃∗L (g̃a)TTaCPLt − t̃∗R(g̃a)TTaCPRt)

Relevant UOLEA operators
1
κ
LUOLEA ⊃

tr{− 1
2
m2
g̃Ĩ[q

4]33g̃0gµνρσ(XΞξ)
a
i γ
µ(XξΞ)bi (XΞξ)

b
j γ
ν(XξΞ)cj γ

ρ(XΞξ)ckγ
σ(XξΞ)ak

− 1
6
Ĩ[q6]33g̃0gµνρσκλ(XΞξ)

a
i γ
µ(XξΞ)bi γ

ν(XΞξ)bj γ
ρ(XξΞ)cj γ

σ(XΞξ)ckγ
κ(XξΞ)akγ

λ}

XΞξ and XξΞ calculated from Lint
(XΞξ)aiαβ = −

√
2g3 (Taji [̃t

∗
Lj(PL)αβ − t̃

∗
Rj(PR)αβ] Taij [(PR)αβ t̃Lj − (PL)αβ t̃Rj]) ,

(XξΞ)aiαβ = −
√
2g3
⎛
⎝
Taij [(PR)αβ t̃Lj − (PL)αβ t̃Rj]
Taji [̃t

∗
Lj(PL)αβ − t̃

∗
Rj(PR)αβ]

⎞
⎠
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Example: Integrating out the gluino from the MSSM

Insert and calculate...

c = −2
3
d(d + 2)g63m2

g̃ Ĩ[q
4]33g̃0 −

2
9
d(d2 + 6d + 8)g63Ĩ[q6]33g̃0

Computational step is simple but tedious
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Basic steps

1. Given the Lagrangian specify which fields are heavy
2. Determine which operators are of interest
3. Calculate appropriate derivatives Can be automated
4. Plug into formula and do algebra Can be automated
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Conclusion and Outlook



Conclusion and Outlook

• The UOLEA is a promising result for automation of one-loop
matching

• Now the actual automation part has to be performed
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