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Low-energy observables

Strong NP constraints from indirect searches

Physics Briefing Book [1910.11775]

Leading NP contributions to ∆F = 2, LFU,
cLFV, dipoles, and EW precision often
originate at loop level

NP effects can be modeled as point-like
interactions:

NP ∼ C×
O

The resulting low-energy physics is
captured by

LEFT(φ) = Ld=4 +

∞∑
n=5

Cn,i
Λn−4

On,i

Observables are computed once in LEFT

independent of the NP

LUV(Φ, φ)
Matching−−−−−→ LEFT(φ)
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EFT workflow

E
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SMEFT

LEFT
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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

Anders Eller Thomsen (U. Basel) New Methods for Matching La Thuile 2023 2

https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1711.05270


EFT workflow

E

Matching

Matching

NP

SMEFT

LEFT

R
G

R
G

R
G

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]

Included in codes
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Cellis et al. [1704.04504]
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New tools @ 1-loop order:
Matchmakereft and
Matchete
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SMEFT

LEFT

?

? New light states?
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Matching weakly coupled theories

E

Matching

Matching

NP

SMEFT

LEFT

R
G

R
G

R
G

LEFT should reproduce the physics of LUV at energies E � Λ:

LUV(Φ, φ) LEFT(φ)

Matching

LEFT(φ) = Lkin(φ) +

∞∑
n=2

∞∑
`=0

C
(`)
n,i

(4π)2` Λn−4
O(`)
n,i (φ)

Advantages of functional matching:

Does not require prior knowledge of EFT basis

Well-suited for algorithmic approach

Computations are manifestly gauge covariant
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Separation of scales
Mixed (heavy–light) loop example:

Γ(1)UV ⊃
p

p2 � Λ2

⊂
∫

[Dφ]e i
∫
d4x L(0)EFT

p2 ∼ Λ2

⊂
∫

d4x L(1)
EFT
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⊂
∫

[Dφ]e i
∫
d4x L(0)EFT

p2 ∼ Λ2

⊂
∫

d4x L(1)
EFT

Expansion by regions 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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Mixed (heavy–light) loop example:
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p

p2 � Λ2

⊂
∫

[Dφ]e i
∫
d4x L(0)EFT

p2 ∼ Λ2

⊂
∫

d4x L(1)
EFT

Γ(1)

UV

∣∣
soft

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

Γ(1)

UV

∣∣
soft

= Γ(1)

EFT

Γ(1)

UV

∣∣
hard

: short-distance contributions going into the EFT operators
Fuentes-Martin et al. [1607.02142]; Zhang [1610.00710]

Γ(1)

UV
|hard =

∫
ddx L(1)

EFT
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Functional matching

Master formula for 1-loop matching
∫

ddx L(1)

EFT
=
i

2
STr ln ∆−1

∣∣∣
hard
− i

2

∞∑
n=1

1

n
STr
[
(∆X)n

]∣∣∣
hard

where
δ2LUV

δη δη
[η̂] = ∆−1(P̂ , M)− X(P̂ , η̂), Λ2 ∼ ∆−1 � X

The traces are evaluated covariantly with the CDE:

Part of a functional trace (scalar theory, n = 1):∫
ddk

(2π)d
1

(kµ + i G̃µν∂
ν
k )2 −M2

(
λ
2φ
†φ
)
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Simplification and basis reduction

Number of SMEFT generators (1 gen., dim. 6):

80
Buchmüller, Wyler ’86

(1986) −→ 59
Grzadkowski et al. [1008.4884]

(2017)

Exact simplification (linear):
IBP, Dirac identities, group identities, commutation relations,. . .

L = − 1
2φ∂

2φ− 1
2m

2φ2 − λ

24
φ4 +

C1

Λ2
φ6 +

3C2 − C3

3Λ2
φ3∂2φ

On-shell equivalence (non-linear):

Field redefinition: φ −→ φ+
3C2 − C3

3Λ2
φ3

L −→ − 1
2φ∂

2φ− 1
2m

2φ2 −
(
λ

24
+

(3C2 − C3)m2

3Λ2

)
φ4 +

18C1 − λ(3C2 − C3)

18Λ2
φ6

Removal of evanescent operators: (in application of fermion Fierz identities)
See talk by Javier Fuentes-Mart́ın
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Linear simplifications

Example: Integrating out heavy fermion in the
fundamental representation of SU(3)

LEFT =
∑
i

CiOi ∈ O

With linear algebra on the basis of I we find a
simple representative element for [LEFT] ∈ O/I:

O

O1

O2

O3

On

L

I ⊆ O is the space of all operator
identities, e.g., IBP. Relations such
as

O1 + 2O3 = 0

is interpreted as

O1 + 2O3 ∈ I
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To make your way through the BSM jungle



Automated EFT matching
In
p
u
t

A
u
to
m
a
te
d
m
a
tc
h
in
g
a
n
d
ru
n
n
in
g

Define (gauge)
groups

Define fields Define couplings

Write down LUVBroken phase LUV
sym. break.

Tree-level, unsimplified:

L′(0)EFT

1-loop, unsimplified:

L′(1)EFT

EOMs
func. derivatives,

CDE, STr

Full, unsimplified:

L′EFT
Full, simplified:

LEFTSimplifications

Field redefs.

Tree-level, physical:

LS(0)EFT = P[L(0)EFT]

Tree-level, evanescent:

E [L(0)EFT]

Full, phys. scheme:

LSEFT

ev. proj.
phys. proj.

phys. proj.

Rematching
the ev. pieces

RG functions:

βEFT

Standard format output Standard format output

poles from self-
matching the EFT

Fuentes-Mart́ın, König, Pagès, AET, Wilsch [2212.04510]

Matchete v0.1 is a
Mathematica package

Matching of any model with
heavy scalars/fermions

Simple and intuitive
input/output

Handles all group theory

Simplifies to EFT basis*

Future plans:

Handling of evanescent
contribution

Symmetry breaking and heavy
vectors

Interface with EFT tool chain
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Automated EFT matching
In
p
u
t

A
u
to
m
a
te
d
m
a
tc
h
in
g
a
n
d
ru
n
n
in
g

Define (gauge)
groups

Define fields Define couplings

Write down LUVBroken phase LUV
sym. break.

Tree-level, unsimplified:

L′(0)EFT

1-loop, unsimplified:

L′(1)EFT

EOMs
func. derivatives,

CDE, STr

Full, unsimplified:

L′EFT
Full, simplified:

LEFTSimplifications

Field redefs.

Tree-level, physical:

LS(0)EFT = P[L(0)EFT]

Tree-level, evanescent:

E [L(0)EFT]

Full, phys. scheme:

LSEFT

ev. proj.
phys. proj.

phys. proj.

Rematching
the ev. pieces

RG functions:

βEFT

Standard format output Standard format output

poles from self-
matching the EFT
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Example: SM + Vector-like lepton
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Example: SM + Vector-like lepton
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Outlook

(Automatic) EFT matching is crucial to BSM phenomenology

A vast array of techniques is required for efficient matching

Functional matching provides a direct approach to automated matching

Matchete is a public code for EFT matching. It already greatly simplifies the
matching task and many more features are planned!

https://gitlab.com/matchete/matchete
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Backup



Expansion by regions: an example

Find the result of a multi-scale integral as a series in m2/M2 � 1:

I =

∫
dd`

(2π)d
1

`2 −m2

1

`2 −M2
=

i

16π2

(
1

ε
+ 1 + log

µ̄2

M2
+
m2

M2
log

m2

M2

)

Ih =

∫
dd`

(2π)d
1

`2

(
1 +

m2

`2
+ . . .

)
1

`2 −M2
=

i

16π2

m2 +M2

M2

(
1

ε
+ 1 + log

µ̄2

M2

)

Is =

∫
dd`

(2π)d
1

`2 −m2

−1

M2

(
1− `2

M2
+ . . .

)
=
−i

16π2

m2

M2

(
1

ε
+ 1 + log

µ̄2

m2

)

`2 ∼ M2

`2 ∼ m2

In dimensional regularization, integrals equal the sum of their hard and soft parts
Beneke, Smirnov [hep-ph/9711391]; Jantzen [1111.2589]

I = Ih + Is
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Matchete showcase (SM implementation)
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Matchete showcase (SM implementation)
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