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Series of papers

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



Renormalization Group Equations (RGEs)

RGEs
Scale-dependence of parameters

Log resummation
2
> n(eLog(Rz))"

Renormalization scale dependence

cancelled in matching + running



Idea: General one-loop RGEs

Fields

scalars, vectors

Symmetries
Gauge, Poincaré

Computation
once and for all



Renormalizable Lagrangian

Gauge
2-loop

3-loop
4-loop

Yukawa
3-loop

Scalar theory
6-loop

Luo/Wang/Xiao: hep-ph/0211440
Schienbein/Staub/Steudtner/Svirina: 1809.06797

Pickering/Gracey/Jones: hep-ph/0104247
Poole/Thomsen: 1906.04625

Bednyakov/Pikelner: 2105.09918

Davies/Herren/Thomsen: 2110.05496
Poole/Thomsen: 1901.02749

Bednyakov/Pikelner: 2102.12832
Bednyakov: 2501.14087



On-shell methods

Helicity spinors

_ 0 Pu(0")aq
p= GH)aa 0
pu(c*)
Poc = )\OLS\d7 pda — S\d)\a
Lorentz-invariant products

A% Nja = (i f)
Aia N = [i]]

Mandelstam invariants
sj = 2p; - pj = (ij)[j ]
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Helicity formalism: RGEs

Form factor
Fi(7i; q) = (A|Oi(q)|0)

Fundamental relations Miré/Ingoldby/Riembau: 2005.06983
Analyticity: F;"({sj — ie}) = Fi({sj + i€e})

Unitarity: Y~ [ dLIPS,|A) (A] = 1

CPT Theorem: (7; out|Q;(x)|0) = (0|(9;f(—x)|ﬁ; in)

RGEs Caron-Huot/Wilhelm: 1607.06448

B o) _
(&‘jﬂ% a4 ngj —0ivi R + 5/‘]59@) Fi=20



Advantages

On-shell

No need for green’s basis

Gauge invariance

automatic

Zeros in ADM

helicity, length, angular momentum
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Lagrangian

Field content
o, Ay

Symmetry
gauge, Poincaré

Mass dimension
<6



Renormalizable Lagrangian
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Operator classification

Amplitude
M~ K,
Ki = Ki({{0), li]})

Three-point function Benincasa/Cachazo: 0705.4305

(12)%(23)(31)* ifhy +ha+ hs <0
[12]7%[23]7*[31] ® ifhy +ho+h3 >0

M1 2" 3 ~ {

ay = hy —h — hs, a = hy — h3 — hy, a3 =hs — hy — hy,

Mass dimension Durieux/Machado: 1912.08827
Li/Ren/Xiao/Yu/Zheng: 2201.04639

[Ki] =[0]] = £(O;) >0



Example: Dim-5

[Ki] =5—¢0))
h=5 = K={ — 0= {1 620504 05
h=4 = K={12 — 0= {vr e ds 64

(12)2 Fii FoL ¢3
6 =3 = K;= = 0=
{ FiLbarbsr



Dim-5 Lagrangian

AaB,
AaB, A B B ~
[:(5) — [C Fz]a 8 (Z)a,: SF 3 1V |:C ~2:|a ¢aFAVO =Bs pv

+ [C¢5] abcde GabpPcPaPe



Dim-6 Lagrangian

AaBg -
L) = [Cere] 3™ GatoF s F# 1 + |Crs| | datroFlis B 1

+ [Cs] ppoger PaPpPcPadeds + [Cr2gt] gy (Dub)a( D" @)pdcda

aBaCa e o Ca AaBaCa Ao Bo p FCa
+ [Cro]tBeCo FavEBaPECa k4 [Cp, ] FeV e PECe b



Dim-6: Wilson coefficients

Name Operator Symmetry

Oye DaOpPcPaPeds [Coelaboder = [Cge](aveder)

OD2¢4 (Du¢)a(D'u¢))b¢c¢d [CD2¢2]abcd = [CD2¢2](ab)cd = [CD2¢2]ab(cd)

o o AaB
Ogere | GapFlig FO2 1 [C¢2F2]2b %= [C¢2F2]$ %) = [C¢2F2](ab)/3
Ao B AaBg _1(AaBg) _ _ 1AaBgs
Ogpere | GatFlpFP 1 | [Cpr] ™ = [Corel,,™ " = [Core]
AaBaCa AaBa Ca
Op | FfaVFBarFSan [Cr] = [cx]! !

On | Finvrg v [CR 11+ = [op] 502
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RGEs

Order
O(72)

Renormalizable part
dim-5 & dim-6

Dim-5, Dim-6

All contributions



Mixing pattern

h
h o
:
P A g

A2 A2 gt

22 AR, g

AP, d



Example: F3 — F3

[ CFG}ABC = 4g? ( FBCOF [ G| ADF 4 FOADF [C]B0F 4 FABDF [CFs]CDF>

+ ’Yée [CFa]DBC + ’yf,ﬁ’ [CF3]ADC + ’ch,e [Cra]*”

FABCD — fABEfCDE
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SMEFT: Og — Og

Bp ~AC
OG — fABC Gﬁu GVP Gp H

With
[Cre]*®¢ = CgtBC
[Ve,c]*® = —d5 bo,36"°

One finds
Co 8 = 4 gz ( [FBODF (ADF o | FCADF (BDF o | FABDF (CDF CG)

]ADC + ’Yc v [CF3]ABD

+ e, vCGfDBC + ’Yc v [CF

= Cg = (12N, — 3by 3) 92 Cg



SMEFT: Higgs sector

Higgs
H— 1 <¢>1 + /¢3>
V2 \ o + ida

Generators

a_ - Im(T?)  Re(T")
9 ’<—Re(TA) Irre7(TA)>

Higgs Lagrangian
Lsm D %(DM¢)a(DM¢)a =+ jzmlz-/(sab GaPb — %Aé(abécd) GaPpPcPd



Reproduced results

SMEFT

Complete bosonic sector Alonso/Jenkins/Manohar/Trott: 1308.2627, 1312.2014
ALP-SMEFT

aX,aX — H® H*D?, X2H?, X3 Galda/Neubert/Renner: 2105.01078

Brescian/Brunello/Levati/Mastrolia/Paradisi: 2412.04160

O(n) scalar EFT

A-dependence Cao/Herzog/Melia/Nepveu: 2105.12742
Jenkins/Manohar/Naterop/Pages: 2310.19883



New results: ALP-SMEFT

Lagrangian

E/(-\EI)_)P - CaGaGZ‘VGAMV = CaéaGZ‘l,éA“” + Caw a W/“/W//U’
+ Cy aW,, W'" + C.p aB,, B + C,zaB,, B"

mass
i = 8 m' (C§B+ C§B+3C§W+3c§W+sc§G+sc§é)

dim-6: X2H?
CHE; = 4912 Cas Cpp 5 CHI7V = 493 Caw Cup 5
Cuivg =491 92 (CaéCaW + CaBCaW)
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Summary

General bosonic EFT
Operators up to dim-6

Complete RGEs
A h g

New results
RGEs for ALP-SMEFT
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