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Matching EFTs
The why and the how of it



EFT matching

EFTs are used to interpret experiments and quantify observations

LEFT(ηL) = Ld=4(ηL) +

∞∑
n=5

Cn,i
Λn−4

On,i(ηL) −→ UV physics

NP models have to be analyzed one by one

LUV(ηH, ηL)
Matching−−−−−→ LEFT(ηL)

Loop-level matching is required for many processes, e.g., in the SM
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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]

Observables

New model
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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
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G

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

LUV(ηH, ηL) LEFT(ηL)

Matching

LEFT(ηL) = Lkin(ηL) +

∞∑
n=2

∞∑
`=0

C
(`)
n,i

(4π)2` Λn−4
O(`)
n,i (ηL)

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
Mixed (heavy–light) loop example:

Γ(1)UV ⊃
p

p2 � Λ2

⊂
∫

[DηL]e i
∫
d4x L(0)EFT

p2 ∼ Λ2

⊂
∫

d4x L(1)
EFT
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⊂
∫

[DηL]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:

Γ(1)UV ⊃
p

p2 � Λ2

⊂
∫

[DηL]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 et al. [1607.02142]∫

ddx L(1)

EFT
= Γ(1)

UV
|hard
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Functional matching (abridged)
The theory is expanded around the classical fields, η̂:

LUV[η + η̂] = LUV[η̂] + ηi
δLUV

δηi
[η̂] + 1

2ηiηj
δ2LUV

δηi δηj
[η̂] + . . .

classical piece
EOM→ 0 fluctuation operator Qi j [η̂]

By saddle point approximation, the effective action is

e i ΓUV [η̂] = e iSUV [η̂]

∫
Dη exp

(
i

∫
ddx 1

2
ηiQi j [η̂]ηj + . . .

)

=⇒ ΓUV[η̂] = SUV[η̂] +
i

2
STr logQ[η̂] + . . .

In matching the STr can be expanded around the heavy scale Λ

Q = ∆−1(P, M)−X(P, η̂), Λ2 ∼ ∆−1 � X

The master formula for 1-loop matching: Cohen, Lu, Zhang [2011.02484]

∫
ddx L(1)

EFT
=
i

2
STr ln ∆−1

∣∣∣
hard
− i

2

∞∑
n=1

1

n
STr
[
(∆X)n

]∣∣∣
hard

Loop integrals evaluated covariantly with CDE
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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

1-loop RG computations
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Simplification and basis reduction

L = 1
2 (∂µφ)2 − 1

2m
2φ2 − λ

24
φ4 +

C1

Λ2
φ6 +

C2

Λ2
φ3∂2φ+

C3

Λ2
φ2(∂µφ)2

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

L = 1
2 (∂µφ)2 − 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
2 (∂µφ)2 − 1

2m
2φ2 −

(
λ

24
+

(3C2 − C3)m2

3Λ2

)
φ4 +

18C1 − λ(3C2 − C3)

18Λ2
φ6

Matchete contains routines performing both kinds of simplifications
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Example: SM + Vector-like lepton
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Example: SM + Vector-like lepton
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Evanescent Operators
Why can’t QFT just play nice?



EFT from a 2HDM

Example: take SM + leptophilic Higgs, Φ ∼ (1, 2)1/2:

L ⊃ LSM +DµΦ†DµΦ−M2
Φ Φ†Φ−

(
yprΦe `pΦer + h.c.

)
+ . . .

` e

e `

Φe `

HW

Φ

Below the scale MΦ � vEW

LEFT ⊃ CpreWQpreW + Cprst`e Rprst`e

But the tree-level operator R`e is not part of the Warsaw basis
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Changing basis in an EFT

In 4D, LEFT = L̃EFT, where

LEFT ⊃ CpreWQpreW + Cprst`e Rprst`e Rprst`e = (¯̀
per )(ēs`t)

L̃EFT ⊃ CpreWQpreW − 1
2C

ptsr
`e Qprst`e Qprst`e = (¯̀

pγµ`t)(ēsγ
µer )

But the 1-loop EFT amplitudes are different!

i
(
AeH→`W − ÃeH→`W

)
=

g2

64π2
[C`e ]prsty tse

(
ūτ IσµνPRu

)
qµε∗ν

` e

` e −
` e

` e

In d 6= 4, there is an evanescent operator:
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Evanescent operators

An evanescent operator E is an operator satisfying

E = rank(ε)
d→4−−−→ 0

Evanescent contributions have long been accounted for in the LEFT (Weak
Effective Hamiltonian). Not so much in BSM context

Buras, Weisz ‘90; Dugan, Grinstein ‘91; Herrlich, Nierste [hep-ph/9412375];...

The physical contributions from evanescent operators are finite and local

P


 E


 = ∆g

O

e.g., in the 2HDM example

Eprst`e −→ − gLy
ts
e

128π2
QpreW + [many other contributions]
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The physical projector

Reduction of Dirac structures for 4-fermion operators, e.g.,

(γµγνγλPL)⊗ [γλγνγµPL] = 4(1− 2ε) (γµPL)⊗ [γµPL] + E
[3]
LL

Compatibility with NDR

Fierz identities for 4-fermion operators, e.g.,

(PR)⊗ [PL] = − 1
2 (γµPL]⊗ [γµPR) + EFierz(PR, PL)

Choosing a set of identities allows for defining the physical projector P:

Od = P Od + EP Od
id− P

phys. part ev. part
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Evanescence-free schemes

For an EFT Lagrangian L = ḡaO
a + η̄iE

i , the 1-loop effective action is

Γ =

∫
x

(
ḡaO

a + η̄iE
i
)

+ Γ(g, η).

1-loop diagrams, tree-level couplings

bare couplings

Scheme MS Compensated Subtracted

A
ct

io
n P : Oa ḡa = ga + δga (ḡa + ∆ga)− ∆ga ḡa + ∆ga

EP : E i η̄i = ηi + δηi δηi + ηi δηi

Eff. action
PΓ

∫
x

ḡaO
a + PΓ(g, η)

∫
x

(ḡa + ∆ga)Oa

+ PΓ(g, η)−
∫
x

∆gaO
a

∫
x

(ḡa + ∆ga)Oa

+ PΓ(g, 0)

The evanescent contribution is defined by

∫
x

∆gaO
a ≡ P

[
Γ(g, η)− Γ(g, 0)

]

Handling evanescent contributions means computing ∆g
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(ḡa + ∆ga)Oa

+ PΓ(g, 0)

The evanescent contribution is defined by

∫
x

∆gaO
a ≡ P

[
Γ(g, η)− Γ(g, 0)

]

Handling evanescent contributions means computing ∆g

Anders Eller Thomsen (U. Bern) EFT Matching ZPW 2023 15



Evanescence-free schemes

For an EFT Lagrangian L = ḡaO
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ḡa + ∆ga

EP : E i η̄i = ηi + δηi δηi + ηi

δηi

Eff. action
PΓ

∫
x
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a + η̄iE

i , the 1-loop effective action is

Γ =

∫
x

(
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RG in evanescent schemes

E


 O


 ∼ 1

ε

E
=⇒ δη(g) 6= 0

lnµ

E
v.

co
u

p
lin

gs

Phys.
couplin

gs

ga

η
i
=

0 subtracted
scheme

t

In the subtracted evanescent scheme

dga
dt

= βSa = βa + βi
∂∆ga
∂ηi

∣∣∣∣
η=0

2-loop
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Application in the SMEFT

Tree-level BSM matching to the SMEFT can produce 49 different, redundant
four-fermion operators, which will result in non-trivial evanescent contribution at
1-loop order, e.g.,

R`e = (¯̀e)(ē`) R(8)
qu = (q̄TAu)(ūT aq) Rucelqc = (ūce)(l̄ qc)

For dimension-6 SMEFT, evanescent operators contribute through 6 covariant
trace topologies

From the O(1/ε)
pieces of the loops

Fuentes-Mart́ın, König, Pagès, AET, Wilsch [2211.09144]
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Matematica interface
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Outlook

(Automatic) EFT matching is crucial to BSM phenomenology

Functional matching is ideal for automated matching

One must carefully account for evanescent operators in computations

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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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 demonstration (SM implementation)
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