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EFTs in BSM physics
What they are and how to use them



Direct searches for new physics

Model ℓ, γ Jets† Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
di

m
en

si
on

s
G

au
ge

bo
so

ns
C

I
D

M
LQ

H
ea

vy
qu

ar
ks

E
xc

ite
d

fe
rm

io
ns

O
th

er

ADD GKK + g/q 0 e, µ, τ, γ 1 − 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass
Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass
Bulk RS GKK →WV → ℓνqq 1 e, µ 2 j / 1 J Yes 139 k/MPl = 1.0 2004.146362.0 TeVGKK mass
Bulk RS gKK → tt 1 e, µ ≥1 b, ≥1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass
2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass
SSM W ′ → ℓν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass
SSM W ′ → τν 1 τ − Yes 139 ATLAS-CONF-2021-0255.0 TeVW′ mass
SSM W ′ → tb − ≥1 b, ≥1 J − 139 ATLAS-CONF-2021-0434.4 TeVW′ mass
HVT W ′ →WZ → ℓνqq model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass
HVT W ′ →WZ → ℓν ℓ′ℓ′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 ATLAS-CONF-2022-005340 GeVW′ mass
HVT W ′ →WH model B 0 e, µ ≥1 b, ≥2 J 139 gV = 3 2007.052933.2 TeVW′ mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ
CI ℓℓqq 2 e, µ − − 139 η−LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b − 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b − 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=0.25, gχ=1, m(χ)=1 GeV 2102.108742.1 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.1 TeVmmed

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV ATLAS-CONF-2021-036560 GeVmmed

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass
Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass
Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu

3 → bτ) = 1 2108.076651.2 TeVLQu
3

mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ 3rd gen 1 τ 2 b Yes 139 B(LQV
3 → bτ) = 0.5, Y-M coupl. 2108.076651.77 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet ATLAS-CONF-2021-0241.4 TeVT mass
VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass
VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass
VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass
VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass
Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass
Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass
Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass
Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 139 DY production ATLAS-CONF-2022-0101.08 TeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 36.1 DY production, |q| = 5e 1812.036731.22 TeVmulti-charged particle mass
Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: March 2022

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
†Small-radius (large-radius) jets are denoted by the letter j (J).

New physics looks to be
weakly interacting or heavy !

Base assumption when using of SMEFT
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Lots of luminosity

5 to 7.5 x nominal Lumi

13 TeV

integrated 
luminosity

2 x nominal Lumi2 x nominal Luminominal Lumi
75% nominal Lumi

cryolimit
interaction
regions

inner triplet 
radiation limit

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13.6 TeV 13.6 - 14 TeV

7 TeV 8 TeV

LS1 EYETS EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 450 fb-1 3000 fb-1

4000 fb-1

BUILDINGS

20402027 20292028

pilot beam

We are here

Marginal increase in energy, but ∼ 20× more int. luminosity!

Rather than looking for resonances, we can look for traces of new physics
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Probing high-scales through precision

low pT high pT

Physics Briefing Book [1910.11775]
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https://arxiv.org/abs/1910.11775


Effective field theory

High-energy BSM physics manifests as contact interactions in the SMEFT

LSMEFT = LSM +
∑
d=5

∑
k

Cd,k
Λd−4

Od,k

UV Physics

Bottom–up:

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

Top–down:

– Precision calculations necessitates the use of EFTs to separate
the large BSM energy scales

– Many BSM models results in the same EFT, ensuring that
computation are reusable : you only need to compute once in
the EFT

Anders Eller Thomsen (U. Bern) Functional Methods and Matchete JSI 2025 4
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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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SMEFT

LEFT

?

? New light states?

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

1-loop matching is often the leading contribution 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
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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)

Off-shell matching

LEFT(φ) = Ld=4(φ) +

∞∑
d=5

∞∑
`=0

∑
k

C
(`)
d,k

(16π2)` Λd−4
Od,k

double expansion

the goal!

Hard-region matching formula

SEFT[φ] = ΓUV[Φ̂, φ]
∣∣
hard

,
δΓUV|hard

δΦ
[Φ̂, φ] = 0

“hard” denotes the part without any soft loop momenta (it includes all tree-level contributions)

Fuentes-Martin et al. [1607.02142]; Zhang [1610.00710]; Fuentes-Martin, Palavrić, AET [2311.13630];
Fuentes-Mart́ın, Moreno, Palavrić, AET [2412.12270]
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Separation of scales: hard-region matching

Mixed (heavy–light) loop example:

Γ(1)UV ⊃
k

soft: k2 � Λ2

⊂
∫

[Dφ]e iS
(0)
EFT

hard: k2 & Λ2

⊂S(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

Γ(1)

UV
|hard = S(1)

EFT
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Functional Methods
For matching and RG calculations



What are functional methods anyway?

L(η,Dη)

Amplitudes Functionals

W[J ]

Γ[η̂]

Quantum information
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Functional methods for counterterm calculations

EFT matching—extraction of EFT couplings

∼
∫
k

1

(k2 −M2)

1

(k + p)2 −m2
∼ −1

M2

∫
k

1

(k + p)2 −m2
+

Changed high-k int

EFT vertex

UV theory

Renormalization/RG functions—extraction of counterterms

∼
∫

d4k

(2π)4

1

(k2 −M2)2
−→

∫
ddk

(2π)d
1

(k2 −M2)2
+ δλ

Gives RG functions

Computation of the effective potential: derivative expansion

Amplitudes? Why not?!
But there might be little point... and some trouble  non-local

Functional methods @ one-loop order:
Aitchison, Fraser ’84; Cheyette ’85, Gaillard ’86; Dittmaier, Gorsse-Knetter [hep-ph/9501285]; Henning, Lu, Murayamma [1412.1837], Drozd, Ellis,
Quevillon, You [1512.03003]; Aguila, Kunzst, Santiago [1602.00126]; Cohen, Lu, Zhang [2011.02484]. . . (and many more)
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Semi-classical approximation

The quantum effective action is the generating functional of 1PI functions

e iΓUV[η̂] =

∫
Dη exp

(
iSUV[η + η̂] + iJIη

I
)
,

∫
xJa(x)ηa(x)

δΓ[η̂]

δη̂I
= −JI

The action is expanded by legs and loop order (including counterterms)

S[η+ η̂ ] = Ŝ+

∞∑
`=0

~`
(
ηI V̂(`)

I + 1
2
ηI V̂(`)

IJ ηJ + 1
6
ηIηJηK V̂(`)

IJK + 1
24
ηIηJηKηL V̂(`)

IJKL + . . .
)

With a saddlepoint approximation

e iΓUV [η̂] = e i Ŝ
∫
Dη exp

( i
2
ηIQ̂IJ

V(0)
IJ

ηJ
) [

1 +
i

24
ηIηJηKηLV̂(0)

IJKL −
1

72

(
ηIηJηKV̂(0)

IJK

)2
+ . . .

]
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Semi-classical approximation
The loop-expansion is a polynomium of tensor contractions

Γ[η̂] = Ŝ +
i~
2
ζII
(

log Q̂
)
II

STr logQ

+
i~2

2
ζII Q̂−1

IJ V̂
(1)
JI −

~2

8
Q̂−1
IJ Q̂−1

KL V̂
(0)
IJKL

+
~2

12
ζIMζJNζIN

Spin statistics: ±1

Q̂−1
LI Q̂−1

MJQ̂−1
NK V̂

(0)
IJKV̂

(0)
LMN +O(~3)

or as supergraphs

Γ = S +
i

2
log +

i

2

(1) − 1

8
+

1

12
+O(~3)

All vertices and propagators are fully dressed with background fields

QIJ [η̂] =
δ2S

δηIδηJ
[η̂] =

( )−1

V(0)
IJK [η̂] =
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What does this look like at one-loop order

Locality of the action ensures the form of the 2-point function

QIJ = Qac(x, Px)

iDµ

δc b(x, y)

manifestly covariant

Q = ∆−X , ∆(Px) =



±(P 2

x −m2) for scalars (ghosts)

/P x −m for fermions

−gµν(P 2
x −m2) for gauge fields

The tricky one-loop effective action

Γ(1) ⊃ i~
2

Tr logQ

=
i~
2

Tr log∆
p(Fµν)

− i~
2

∞∑
n=1

1

n
Tr
(
∆−1X

)n ≡ Γ
(1)
log + Γ(1)

power

log = log −
∑
n

1

n
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A master formula for the one-loop effective action

Γ(1)
power = − i~

2

∞∑
n=1

1

n

∫
x,y

δba(y , x)

func. Tr

(
∆−1(x, Px)X(x, Px)

)n
ac
δc b(x, y)

(∆−1X )n

And in momentum space

Γ(1)
power = − i~

2

∞∑
n=1

1

n

∫
x,y

∫
k

e−ik·(x−y) δba(y, x)
(
∆−1(x, Px +k )X(x, Px +k )

)n
ac
Uc b(x, y)

Wilson line

= − i~
2

∞∑
n=1

1

n

∫
x

∫
k

(
∆−1(x, k + Px) X(x, k + Px)

)n
ab
Uba(x, y)

∣∣∣∣
y=x

The master formula for the one-loop quantum effective action

is manifestly gauge invariant , simplifying calculations

is unwieldy and non-local in the general case

matching (and RG) calculations care only about a local piece:
SEFT = RhardΓUV (and δS = R̄∗Γ)
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Evaluating the one-loop effective action

Γ(1)
power = − i~

2

∞∑
n=1

1

n

∫
x,y

δba(y , x)
(

∆−1(x, Px)X(x, Px)
)n
ac
δc b(x, y)

And in momentum space

Γ(1)
power = − i~

2

∞∑
n=1

1

n

∫
x,y

∫
k

e−ik·(x−y)δba(y, x)
(
∆−1(x, Px+k)X(x, Px+k)

)n
ac
Uc b(x, y)

= − i~
2

∞∑
n=1

1

n

∫
x

∫
k

(
∆−1(x, k + Px) X(x, k + Px)

)n
ab
Uba(x, y)

∣∣∣∣
y=x

RG calculations (with Rhard or R̄∗) call for expansion of the propagators:

Typical propagator:
1

(k + Px)2 −m2
=

1

k2
− 2k · Px

(k2 −m2)2
+ . . .

Typical X-term: XφAµ ⊃ 2gφ(P µx + kµ)

Closed(-ish) formula P µ1
x · · ·P µmx U(x, y)

∣∣∣
y=x

= pm
(
Px , Gµν

)polynomial

Summary: to evaluate simply tensor-contract, expand, loop-integrate
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Two-loop formulas
2-loop contributions introduce 3- and 4-point functional tensors, e.g.,

V(0)
IJK ≡ Vade(x, Py , Pz)δd b(x, y)δe c(x, z) Locality of the action

Vabc(x, Py , Pz) =
∑
m,n=0

Looks more scary than it is

V
(m,n)
abc (x)Pmy P

n
z ≡

∑
m,n=0

V
(µ1...µm ,ν1...νn)
abc (x)P µ1

y · · ·P µmy P ν1
z · · ·P νnz

The remaining basic ingredients repeat beyond 1-loop order

=
∑

m,n,m′,n′

(−1)m+n

∫
x

∫
k`

2-loop integral

V
(m,n)
abc (x)Q−1

aa′(y , Py − k − `)V
(m′,n′)
a′b′c ′ (y)

×
[
(Px + k)

m←−Q−1
be (x, Px + k)(Px + k)m

′
Ueb′(x, y)

]

×
[
(Px + `)

n←−Q−1
cf (x, Px + `)(Px + `)n

′
Uf c ′(x, y)

]∣∣∣∣
y=x

Q−1 = ∆−1 + ∆−1X∆−1 + ∆−1X∆−1X∆−1 + . . .

The figure-8 and the counterterm topologies are (even) simpler

And generalization to higher loop order: Fuentes-Mart́ın, Moreno, Palavrić, AET [2412.12270]
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RGs in the bosonic SMEFT
Private version

of Matchete

Mathematica, single core

Born, Fuentes-Mart́ın, Kvedaraitė, AET [2410.07320]

Result agrees with de Vries et al. [1907.04923]
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Two-loop SMEFT RG
New challenges in full SMEFT Born, Fuentes-Mart́ın, AET [2601.xxxxx]

Evanescent operators (leveraging Matchete features)

Non-trivial interplay with evanescent operators and R∗-method

Treatment of γ5: non-cyclicity of the anti-commuting γ5

Preliminary
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To make your way through the BSM jungle



Automated EFT matching with
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,

hard-region cov. STr

Full, unsimplified:

L′EFT
Full, simplified:

LEFTSimplifications (d 6= 4)

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 hard-
region cov. STr

v0.4 (current)

v0.5 (soon)

v? (future)

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

Matchete v0.4 is a
Mathematica package

Matching of any model with
heavy scalars/fermions

Simple and intuitive
input/output

Handles arbitrary* group
theory

Simplifies to EFT basis

Handles of evanescent
contributions

Future plans:

Interface with EFT tool chain

1-loop RG computations

SSB and heavy vectors

Many more...
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Example: SM + Vector-like lepton
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Example: SM + Vector-like lepton

QprHe = (H†i
←→
DµH)(ēpγ

µer )
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Example: SM + Vector-like lepton
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Matching to a particular EFT basis
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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 algebra, 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
2
φ∂2φ− 1

2
m2 φ2 −

(
λ

24
+

(3C2 − C3) m2

3Λ2

)
φ4 +

18C1 − λ (3C2 − C3)

18 Λ2
φ6

Removal of evanescent operators: complicated but fully automated
Buras, Weisz ‘90; Dugan, Grinstein ‘91; Herrlich, Nierste [hep-ph/9412375]; Aebischer et al. [2211.01379]; AET et al. [2211.09144];. . .
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Linear simplifications the Matchete way

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:

Green’s basis

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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Summary and outlook

(Automatic) EFT matching and running is crucial to BSM phenomenology

Functional methods provides a direct approach to automated matching and
RG calculations

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

Keep an eye out for the 2-loop SMEFT RG-functions! Born, Fuentes-Mart́ın [2601.—–]

https://gitlab.com/matchete/matchete

Anders Eller Thomsen (U. Bern) Functional Methods and Matchete JSI 2025 26

https://arxiv.org/abs/2601.-----
https://gitlab.com/matchete/matchete
https://gitlab.com/matchete/matchete


Backup



Matchete SM implementation
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Matchete SM implementation
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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 disagree!

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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