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EFTs in BSM Physics
The role of EFT matching



Effective field theory

High-energy physics manifests as contact interactions in EFTs

L(SM)EFT(φ) = Ld=4(φ) +

∞∑
d=5

∑
k

Cd,k
Λd−4

Od,k(φ)

UV Physics

Bottom–up:

– The use of EFTs allows for a model-comprehensive (“model-independent”)
analysis of deviations from the SM, quantifying possible deviations as an
expansion in E/Λ

Top–down:

– Precision computations necessitate the use of EFTs to separate the large
scales introduced in BSM physics and avoid large logs

– Many BSM models result in the same EFT, ensuring that computations are
reusable : you only need to compute once in the EFT
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Top–down 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

The repetitive nature of EFT computations calls for automated tools!
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∗Talk by Julie Pagès

The repetitive nature of EFT computations calls for automated tools!
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SMEFT

LEFT

?

? New light states?

∗Talk by Julie Pagès

The repetitive nature of EFT computations calls for automated tools!
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EFTs beyond tree level

1-loop effects are often the leading contributions from high-scale physics

FCNCs in the SM

W

W

d̄

s

s̄

d Matching
s

d̄

d

s̄

In BSM models: dipoles, FCNCs, EW precision, . . .

` e

HW

Matching

` e

HW

We better do it right!
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Evanescent Operators
Why can’t QFT just play nice?



EFT from a 2HDM

Example: 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 d = 4 dimensions, LEFT = L̃EFT, where

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

L̃EFT ⊃ CpreWQpreW − 1
2C

ptsr
`e Qprst`e Qptsr`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

For d 6= 4, there is an evanescent operator:

Rprst`e = − 1
2Q

ptsr
`e + Eprst`e , Eprst`e

d→4−−−→ 0
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µer )

But the 1-loop EFT amplitudes are different!

i
(
AeH→`W − ÃeH→`W
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µer )

But the 1-loop EFT amplitudes are different!

i
(
AeH→`W − ÃeH→`W
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Evanescent operators

An evanescent operator E is an operator satisfying

rank(E) = 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

Physical projection

e.g., in the 2HDM example

Eprst`e −→ − gLy
ts
e

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

The physical projector P is defined through a choice of identities:

Od = P Od + EP Od
id− P

phys. part ev. part

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)

Other identities involving γ5 and/or the Levi-Civita tensor, e.g.,

εµνρσσ
ρσ = 2iσµνγ5 + E(ε·σ)

µν
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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

Phys. 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)

]local, finite

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)

]local, finite

Handling evanescent contributions means computing ∆g

Anders Eller Thomsen (U. Basel) Evanescent Operators HEFT 2023 8



RG in evanescent schemes

E

 O

 ∼ 1

ε

E
=⇒ δη(g) 6= 0

Evanescent counterterms implies evanescent contributions in RG running

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 to the SMEFT
Reduction to the Warsaw basis



SMEFT at 1-loop order

Generally speaking, there is a finite set of relevant evanescent operators at a
given loop-order:

E.g., (`γµ1 · · · γµn`)(`γµ1 · · · γµn`) is irrelevant for 1-loop calculations

For the case of 1-loop SMEFT , we look for the following criteria:

operators generated by exchange of tree-level NP mediators

NP mediators of spin 0, 1/2, or 1

NP Lagrangian with up dim-5 couplings see, e.g., tree-level dictionary: de Blas et al. [1711.10391]

The redundant operators are

i) 23 (+2 BNV) generated by scalar mediators;

ii) none generated by fermion mediators;

iii) 21 (+3 BNV) generated by vector mediators.
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SMEFT: redundant scalar-mediated operators

(L̄R)(R̄L) & (L̄R)(L̄R) (R̄cR)(R̄Rc)

R`e (¯̀
per )(ēs`t) Rec e (ēcp er )(ēse

c
t )

R`u (¯̀
pur )(ūs`t) Rucu (ūcαpuβr )(ūβsu

c
αt)

R`d (¯̀
pdr )(d̄s`t) Rdcd (d̄cαpdβr )(d̄βsd

c
αt)

Rqe (q̄per )(ēsqt) Recu (ēcpur )(ūse
c
t )

R
(1)
qu (q̄pur )(ūsqt) Recd (ēcpdr )(d̄se

c
t )

R
(8)
qu (q̄pT

Aur )(ūsT
Aqt) Rucd (ūcαpdβr )(d̄βsu

c
αt)

R
(1)
qd (q̄pdr )(d̄sqt) R′ucd (ūcαpdβr )(d̄αsu

c
βt)

R
(8)
qd (q̄pT

Adr )(d̄sT
Aqt)

R`uqe (¯̀
ipur )ε

i j(q̄jset)

(L̄cL)(L̄Lc) (R̄cR)(L̄Lc)

R`c ` (¯̀c
ip`jr )(¯̀

js`
c
it) Rucdqqc (ūcαpdβr )ε

i j(q̄βisq
c
αjt)

Rqcq (q̄cαipqβjr )(q̄βjsq
c
αit) Ruc e`qc (ūcper )ε

i j(¯̀
isq

c
jt)

R′qcq (q̄cαipqβjr )(q̄βisq
c
αjt) Baryon number violating

Rqc ` (q̄cip`jr )(¯̀
jsq

c
it) Rqcqqc ` εαβγεi jεkl(q̄

c
αipqβjr )(q̄cγks`lt)

R′qc ` (q̄cip`jr )(¯̀
isq

c
jt) Rucudc e εαβγ(ūcαpuβr )(d̄cγset)
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SMEFT: redundant vector-mediated operators

(L̄L)(L̄L) (L̄cR)(R̄Lc)

R
(3)
`` (¯̀

pγµτ
I`r )(¯̀

sγ
µτ I`t) R`c e (¯̀c

pγµer )(ēsγ
µ`ct )

R
(1,8)
qq (q̄pγµT

Aqr )(q̄sγ
µT Aqt) R`cu (¯̀c

pγµur )(ūsγ
µ`ct )

R
(3,8)
qq (q̄pγµτ

IT Aqr )(q̄sγ
µτ IT Aqt) R`cd (¯̀c

pγµdr )(d̄sγ
µ`ct )

R
(1)
`q (¯̀

pγµqr )(q̄sγ
µ`t) Rqc ed`c (q̄cpγ

µer )(d̄sγµ`
c
t )

R
(3)
`q (¯̀

pγµτ
Iqr )(q̄sγ

µτ I`t) Rqc e (q̄cpγµer )(ēsγ
µqct )

(R̄R)(R̄R) Rqcu (q̄cαpγµuβr )(ūβsγ
µqcαt)

R
(8)
uu (ūpγµT

Aur )(ūsγ
µT Aut) R′qcu (q̄cαpγµuβr )(ūαsγ

µqcβt)

R
(8)
dd (d̄pγµT

Adr )(d̄sγ
µT Adt) Rqcd (q̄cαpγµdβr )(d̄βsγ

µqcαt)

Reu (ēpγµur )(ūsγ
µet) R′qcd (q̄cαpγµdβr )(d̄αsγ

µqcβt)

Red (ēpγµdr )(d̄sγ
µet) Baryon number violating

R
(1)
ud (ūpγµdr )(d̄sγ

µut) Rdc `qcu εαβγεi j(d̄
c
αpγµ`i r )(q̄cβjsγ

µuγt)

R
(8)
ud (ūpγµT

Adr )(d̄sγ
µT Aut) Ruc `qcd εαβγεi j(ū

c
αpγµ`i r )(q̄cβjsγ

µdγt)

(L̄L)(R̄R) Rqc eucq εαβγεi j(q̄
c
αipγµer )(ūcβsγ

µqγjt)

R`qde (¯̀
pγµqr )(d̄sγ

µet)
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Evaluating the evanescent shifts

We have computed the evanescent shift for all the redundant operators∫
x

∆gaO
a = P

[
Γ(g, η)− Γ(g, 0)

]
Linear in ηi at dim-6

Functional calculations with a bespoke version of

Evanescent contributions stem from six covariant∗ trace topologies:

From the O(1/ε)
pieces of the loops

∗Dressed with gauge lines
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Matematica interface
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Outlook

1-loop UV-to-(SM)EFT matching is crucial in BSM phenomenology

Consistent (SM)EFT computations must account for evanescent contribution

Evanescent shifts for 1-loop BSM-to-SMEFT matching are now available

We plane to automate handling of evanescent operators in the public
Matchete package for EFT matching.

https://gitlab.com/matchete/matchete

(See talk by Julie Pagès)
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