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EFT matching

EFTs are used to interpret experiments and quantify observations
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EFT-workflow

E

Matching

Matching

NP

SMEFT

LEFT

R
G
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G
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Jenkins, Manohar, Trott [1308.2627]

Jenkins, Manohar, Trott [1310.4838]

Alonso et al. [1312.2014]

Jenkins, Manohar, Stoffer [1709.04486]

Dekens, Stoffer [1908.05295]

Jenkins, Manohar, Stoffer [1711.05270]

Observables

New model
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Included in codes
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Cellis et al. [1704.04504]

Fuentes-Mart́ın et al. [2010.16341]
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Jenkins, Manohar, Stoffer [1711.05270]

Included in codes
wilson and DsixTools

Aebischer, Kumar, Straub [1804.05033]

Cellis et al. [1704.04504]

Fuentes-Mart́ın et al. [2010.16341]

Recent progress with partial
automation and
Matchmakereft
Criado [1710.06445]; Das Bakshi et al. [1808.04403]
Cohen, Lu, Zhang [2012.07851]; Fuentes-Mart́ın et
al. [2012.08506]; Carmona et al. [2112.10787]
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Matching weakly coupled theories
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LEFT(ηL) = Lkin(ηL) +

∞∑
n=2
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`=0

C
(`)
n,i

(4π)2`Mn−4
H

O(`)
n,i (ηL)

LUV(ηL, ηH) LEFT(ηL)

Matching

Advantages of functional matching:

Does not require knowledge of EFT basis

Well-suited for algorithmic approach

Computations are manifestly gauge covariant
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Separation of scales

Expansion by region allows for separating scales in dimensional regularization:
Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]

Γ(1)
UV

= Γ(1)
UV
|
hard

+ Γ(1)
UV
|
soft

Heavy field loops Mixed field loops Light field loops
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Γ(1)
UV

= Γ(1)
UV
|
hard

+ Γ(1)
UV
|
soft

Heavy field loops Mixed field loops Light field loops

Mixed (heavy–light) loop example:

Γ(1)UV ⊃
p

p2 ∼ m2

⊂
∫

[DηL]e i
∫
d4x L(0)EFT

p2 ∼ M2

⊂
∫

d4x L(1)
EFT
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Γ(1)
UV

= Γ(1)
UV
|
hard

+ Γ(1)
UV
|
soft

Heavy field loops Mixed field loops Light field loops

Γ(1)

UV

∣∣
soft

: long-distance contributions included in 1-loop matrix elements of
tree-level EFT operators

Γ(1)

UV

∣∣
hard

: short-distance contributions going into the EFT operators

∫
ddx L(1)

EFT
= Γ(1)

UV
|hard
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Functional Matching

Functional matching relies on Henning, Lu, Murayama [1412.1837]; Fuentes-Martin, Portoles, Ruiz-Femenia [1607.02142]

e i ΓUV[η̂] =

∫
Dη exp

(
i

∫
ddx LUV[η + η̂]

)

By saddle point approximation

Γ(1)

UV
=
i

2
STr ln (∆−1 −X), δi j ∆−1

i (P̂ , Mi)−Xi j(P̂ , η̂) ≡ δ2LUV

δηjδη̄i

∣∣∣∣
η=η̂

Covariant derivatives

The master formula for 1-loop matching: (evaluated with CDE) Cohen, Lu, Zhang [2011.02484]

∫
ddx L(1)

EFT
=
i

2
STr ln ∆−1

∣∣∣
hard︸ ︷︷ ︸

Log term

− i

2

∞∑
n=1

1

n
STr
[
(∆X)n

]∣∣∣
hard︸ ︷︷ ︸

Power-type terms

STrEAM
Cohen, Lu, Zhang [2012.07851] Fuentes-Mart́ın, König, Pagès, AET, Wilsch [2012.08506]
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Evanescent operators

Using 4-dimensional Fierz identities and gamma reduction for basis reduction
introduces evanescent contributions Buras, Weisz ‘90; Herrlich, Nierste [hep-ph/9412375];...

In d = 4 dimensions[
LEFT ⊃ Cprstlqde(¯̀pγµq

t)(d̄ sγµer )
]

=
[
L̃EFT ⊃ −2Cprstlqde(¯̀per )(d̄ sqt)

]

But the 1-loop effective action

Γ
(1)
EFT 6= Γ̃

(1)
EFT

` e

q d 6=
` e

q d
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Computing evanescent contributions

In d = 4− 2ε dimensions

Cprstlqde(¯̀pγµq
t)(d̄ sγµer ) = −2Cprstlqde(¯̀per )(d̄ sqt) + CprstlqdeE

prst
lqde

O(ε)

But the 1-loop effective action

Γ
(1)
EFT = Γ̃

(1)
EFT + S

(1)
E ,

local

L̃(1)
EFT → L̃(1)

EFT + L(1)
E

For dimension-6 SMEFT, 6 covariant trace topologies contribute:

From the O(1/ε)
pieces of the loops

Fuentes-Mart́ın, König, Pagès, AET, Wilsch [w.i.p.]
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Matching Effective Theories Efficiently

Fuentes-Mart́ın, König,

Pagès, AET, Wilsch [w.i.p.]
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Simplifications

Operator
classes
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. . .D6

Operators generated
by the functional
traces
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+ evanescent operators
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Matching with Matchete

1-loop matching of singlet extension of the SM:1

LUV = LSM + 1
2 (∂µS)2 − 1

2M
2
SS

2 − 1
24λS S

4 − 1
2λSH(H†H)S2 − κ (H†H)S,

at a scale MS � vEW
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Outlook

Functional matching is well-suited for automatic matching

Progress on the development of Matchete; work is being done on the
reduction to EFT basis

Functional methods can be extended to β-functions and evanescent
contributions
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Backup



Matchete demonstration (SM implementation)
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Matchete demonstration (SM implementation)
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Matchete demonstration (singlet extension)
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Matchete demonstration (tree-level matching)
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Matchete demonstration (1-loop matching)

*For a total of 58 terms
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