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Why EFTs?

Generality
Model independence with few assumptions

Scale separation
long distance vs. short distance

Precision
Resummation of large logs



Matching

Matching condition

Afulll(Mi , gi)
!
= AEFT(Ci)

Expansion
in large masses/scales

Wilson coefficients
function of heavy scales/couplings



Matching example: Fermi theory
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Full theory EFT



Running

Scale dependence
from matching

Renormalization
Couplings and Wilson coefficients

Renormalization group equations
scale dependence of Wilson coefficients
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SM Effective Theory (SMEFT)

Symmetry
SU(3)C × SU(2)L × U(1)Y

Fields
u, d, c, s, b, t, ℓ, νℓ, g,W , Z ,H

Poincaré invariance
Dim 6 operators

LSMEFT = L(4) + 1
ΛC(5)O(5) + 1

Λ2

∑
i C(6)

i O(6)
i + ...



Weak Effective Theory (WET)

Symmetry
SU(3)C × U(1)em

Fields
u, d, c, s, b, ℓ, νℓ, g, γ

Poincaré invariance
Dim 6 operators

LWET = L(4) + 1
Λ

∑
i L(5)i O(5)

i + 1
Λ2

∑
i L(6)i O(6)

i + ...



SMEFT/WET

µew

µlow

LSMEFT

SMEFT running

LSMEFT
Matching

LWET

WET running

LWET

Energy scale
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One-loop SMEFT RGEs

λ dependence
λ, λ2, λy2 terms Jenkins/Manohar/Trott: 1308.2627

Yukawa dependence
y2, y4 terms Jenkins/Manohar/Trott: 1310.4838

Gauge dependence
g2, g4 Alonso/Jenkins/Manohar/Trott: 1312.2014

��B
Qduql ,Qqque,Qqqql ,Qduue Alonso/Chang/Jenkins/Manohar/Shotwell: 1405.0486

https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1405.0486


Two-loop SMEFT RGEs

Scalar
H6, H4D2 Jenkins/Manohar/Naterop/Pagès: 2310.19883

Complete bosonic sector
Functional methods Born/Fuentes-Martín/Kvedaraitė/Thomsen: 2410.07320

��B
diagrammatic Banik/Crivellin/Naterop/Stoffer: 2510.08682

Complete fermionic sector
R∗ method Born/Fuentes-Martín/Thomsen: 2601.19974

https://arxiv.org/abs/2310.19883
https://arxiv.org/abs/2410.07320
https://arxiv.org/abs/2510.08682
https://arxiv.org/abs/2601.19974
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SMEFT-WET matching

Tree-level
JMS basis Jenkins/Manohar/Stoffer: 1709.04486

One-loop
NDR scheme Dekens/Stoffer: 1908.05295

Two-loop
3rd gen. 4-quark operators Haisch/Schnell: 2410.13304

https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/2410.13304
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One-loop WET RGEs

Four-fermion operators
relevant for B-physics JA/Fael/Greub/Virto: 1704.06639

Complete basis
JMS basis Jenkins/Manohar/Stoffer: 1709.04486

https://arxiv.org/abs/1704.06639
https://arxiv.org/abs/1709.04486


Two-loop WET RGEs

dim-5 operators
dipoles Naterop/Stoffer: 2412.13251

Four-fermion operators
NDR JA/Morell/Pesut/Virto: 2501.08384

��B
HV Naterop/Stoffer: 2505.03871

dim-6 operators
HV Naterop/Stoffer: 2507.08926

https://arxiv.org/abs/2412.13251
https://arxiv.org/abs/2501.08384
https://arxiv.org/abs/2505.03871
https://arxiv.org/abs/2507.08926


Automated tools

Matching
Codex Das Bakshi/Chakrabortty/Patra: 1808.04403

MatchmakerEFT Carmona/Lazopoulos/Olgoso/Santiago: 2112.10787

Matchete Fuentes-Martín/König/Pagès/Thomsen: 2212.04510

Running
Dsixtools Celis/Fuentes-Martin/Ruiz-Femenia/Vicente/Virto: 2010.16341

wilson JA/Kumar/Straub: 1804.05033

RGESolver Di Noi/Silvestrini: 2210.06838

https://arxiv.org/abs/1808.04403
https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/2010.16341
https://arxiv.org/abs/1804.05033
https://arxiv.org/abs/2210.06838


wilsonww
JA/Kumar/Straub: 1804.05033

~CWarsaw
SMEFT(Λ)~CWarsaw up

SMEFT (Λ)

~CWarsaw
SMEFT(µW ) ~CJMS

WET(µW )

~CJMS
WET(µlow)~Cflavio

WET(µlow)

wilson.translate.smeft

wilson.run.smeft

wilson.match.smeft

wilson.run.wet

wilson.translate.wet

match_run

E

Λ

µW

µlow

https://arxiv.org/abs/1804.05033
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Idea: General one-loop RGEs

Fields
scalars, fermions, vectors

Symmetries
Gauge, Poincaré

Computation
once and for all



Renormalizable Lagrangian

Gauge
2-loop Schienbein/Staub/Steudtner/Svirina: 1809.06797

3-loop Poole/Thomsen: 1906.04625

4-loop Bednyakov/Pikelner: 2105.09918

Yukawa
3-loop Poole/Thomsen: 1901.02749

Davies/Herren/Thomsen: 2110.05496

Scalar theory
6-loop Bednyakov/Pikelner: 2102.12832

Bednyakov: 2501.14087

https://arxiv.org/abs/1809.06797
https://arxiv.org/abs/1906.04625
https://arxiv.org/abs/2105.09918
https://arxiv.org/abs/1901.02749
https://arxiv.org/abs/2110.05496
https://arxiv.org/abs/2102.12832
https://arxiv.org/abs/2501.14087


General bosonic RGEs

Renormalization of general Effective Field Theories
Diagrammatic, also fermion couplings Fonseca/Olgoso/Santiago: 2501.13185

One-loop Renormalization Group Equations in Generic Effective
Field Theories
Diagrammatic, even-dimensional Misiak/Nalecz: 2501.17134

Anomalous Dimension of a General Effective Gauge Theory
OS-methods/geometric, up to dim-6 JA/Bresciani/Selimovic: 2502.14030

https://arxiv.org/abs/2501.13185
https://arxiv.org/abs/2501.17134
https://arxiv.org/abs/2502.14030


General fermionic RGEs

Renormalization of general Effective Field Theories:
Renormalization of fermionic operators
Diagrammatic, off-shell Fonseca/Olgoso/Santiago: 2512.15866

Anomalous Dimension of a General Effective Gauge Theory II:
Fermionic Sector
OS-methods/diagrammatic, up to dim-6 JA/Bresciani/Selimovic: 2512.16890

https://arxiv.org/abs/2512.15866
https://arxiv.org/abs/2512.16890


Two-loop level

Bosonic sector
known! Guedes/Nepveu: 2512.08827

Scheme dependence
OS, HV, NDR

Evanescent operators
Fierz, basis dependence

https://arxiv.org/abs/2512.08827
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MC generators at NLO

SMEFTsim Brivio: 2012.11343

Full SMEFT, also U(3)5 symmetric

{αe,MZ ,GF} vs. {MW ,MZ ,GF}

SMEFTfr Dedes/Rosiek/Ryczkowski/Suxho/Trifyllis: 2302.01353

SMEFT up to dim-8

SMEFT@NLO Degrande/Durieux/Maltoni/Mimasu/Vryonidou/Zhang: 2008.11743

SMEFT with U(2)q × U(2)u × U(2)d symmetry

Greek evanescent scheme

https://arxiv.org/abs/2012.11343
https://arxiv.org/abs/2302.01353
https://arxiv.org/abs/2008.11743


pp → X

process operators ref

pp → hj f 2H3, X 2H2, f 2XH 1806.08832

pp → htt f 2H3, X 2H2, f 2XH, f 4 1607.05330

pp → htt all except f 2H2D 2312.11327

pp → thj H4D2, f 2H3, f 4 2211.05450

pp → thj, tZj all except H6 1804.07773

pp → th, tγ, tZ f 2H3, f 2XH, f 2H2D 1412.5594

pp → W/Z + h, DY, VBF f 2H3, X 2H2, f 2XH, f 2H2D, f 4 1804.07407

pp → Zh, t t all except X 3, H6 2211.02058

pp → Zh → ℓ+ℓ−h H4D2, X 2H2, f 2H2D, f 4 2311.06107

pp → Zh → ℓ+ℓ−bb X 3, H4D2, X 2H2, f 2H4, f 2XH 2204.00663

pp → W+h, hjj f 2H2D, X 2H2 1609.04833

pp → Zh/Wh X 3, X 2H2 2409.00168

pp → Wh f 2XH, f 2H2D 2502.12846

pp → W±h, Zh,W+W−,W±Z X 3, H4D2, X 2H2, f 2H2D 2003.07862

pp → VV (′)V (′′) X 3, H4D2, X 2H2 2303.18215

pp → V(ℓℓ)h(bb) H4D2, f 2H2D, f 2H3, X 2H2 1912.07628

pp → t tW/Z/h + j f 2H2D, f 2H3, f 2XH 2012.06872

https://arxiv.org/abs/1806.08832
https://arxiv.org/abs/1607.05330
https://arxiv.org/abs/2312.11327
https://arxiv.org/abs/2211.05450
https://arxiv.org/abs/1804.07773
https://arxiv.org/abs/1412.5594
https://arxiv.org/abs/1804.07407
https://arxiv.org/abs/2211.02058
https://arxiv.org/abs/2311.06107
https://arxiv.org/abs/2204.00663
https://arxiv.org/abs/1609.04833
https://arxiv.org/abs/2409.00168
https://arxiv.org/abs/2502.12846
https://arxiv.org/abs/2003.07862
https://arxiv.org/abs/2303.18215
https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/2012.06872


Gluon fusion

process operators ref

gg → h f 2H3, X 2H2, f 2XH 1708.00460

gg → h all sectors 2212.03258

gg → h, h → gg, γγ, ff all except X 3 2107.07470

gg → h → γγ f 2H3, X 2H2, f 2XH, f 4 2507.20803

gg → h X 3, X 2H2, f 2XH 2503.06249

gg → hh H6, H4D2, f 2H3, X 2H2 2204.13045

gg → hh all except X 3, f 2H2D 2311.15004

gg → h f 2H3, X 2H2, f 2XH, f 2H2D, f 4 2310.18221

gg → Zh, pp → t t̄Z(γ)(µ+µ−) f 2XH, f 2H2D 1601.08193

gg → hh, Zh, ZZ ,WW all except X 3, f 4 2306.09963

gg → hh, ZZ ,WW , γZ , γγ f 2H3, X 2H2, f 2XH 2411.00959

https://arxiv.org/abs/1708.00460
https://arxiv.org/abs/2212.03258
https://arxiv.org/abs/2107.07470
https://arxiv.org/abs/2507.20803
https://arxiv.org/abs/2503.06249
https://arxiv.org/abs/2204.13045
https://arxiv.org/abs/2311.15004
https://arxiv.org/abs/2310.18221
https://arxiv.org/abs/1601.08193
https://arxiv.org/abs/2306.09963
https://arxiv.org/abs/2411.00959


Higgs production and decay

process operators ref

h prod./decay H4D2, f 2H3, X 2H2, f 2XH, f 2H2D 1804.09766

h prod./decay f 4 2202.02333

h → bb, ττ all sectors 1512.02508

h → cc, ττ , µµ all sectors 2007.15238

h → 4ℓ H4D2, f 2H3, X 2H2, f 2XH, f 2H2D 2012.11631

h → ℓℓZ , Z → ℓℓ H4D2, X 2H2, f 2H2D, f 4 2411.08952

h → ℓℓγ f 2H3, X 2H2, f 2H2D, dim-8 2110.03694

h → γγ all sectors 1805.00302

h → Zγ all except H6 1903.12046

h → ZZ∗ all sectors 1801.01136

h → WW∗ all except H6 1807.11504

Vh(→ bb) f 2H2D 2208.11134

h → (Z/W )f f̄ , (Z)gg, γγ, γZ all except X 3 2508.14966

https://arxiv.org/abs/1804.09766
https://arxiv.org/abs/2202.02333
https://arxiv.org/abs/1512.02508
https://arxiv.org/abs/2007.15238
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2411.08952
https://arxiv.org/abs/2110.03694
https://arxiv.org/abs/1805.00302
https://arxiv.org/abs/1903.12046
https://arxiv.org/abs/1801.01136
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/2208.11134
https://arxiv.org/abs/2508.14966


top-quark, Higgs, and EWPO Di Noi/El Faham/Gröber/Vitti/Vryonidou: 2507.01137
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https://arxiv.org/abs/2507.01137


Double insertions Di Noi/El Faham/Gröber/Vitti/Vryonidou: 2507.01137
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https://arxiv.org/abs/2507.01137


Two-loop mixing effect Stefanek: 2407.09593

C4q

q
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H

H

H

H

CHD

↪→ CHD strongly constrained by oblique T parameter

https://arxiv.org/abs/2407.09593


Composite Higgs Stefanek: 2407.09593
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https://arxiv.org/abs/2407.09593
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Summary

EFTs
important for precision

SMEFT and WET
NLO corrections known and automated

General EFTs
one-loop running
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