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SMEFT : AN AGNOSTIC PARAMETRIZATION OF NP AT HIGH ENERGY

New Physics hidden at high energy ?

Parametrize your ignorance with the effective theory
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Lsmerr = Lsm + A Z C,'1O,'1 = A2 Z C,'2O,'2 + ...
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ELECTROWEAK CORRECTIONS IN SMEFT : STATE OF THE ART

eetoZh

Asteriadis et al.
2406.03557, 240911466

Decays

Higgs, Bellafronte, Del Pio et al.
Biekotter, Pecjak et al. 2608.28464, 2601.09599, 1801.01136
2503.07724, Z,W
Bellafronte, Dawson, Giardino Dawson et al. 2605.18679, 1909.02000,
2304.00029, 2201.09887 1808.05948

Drell-Yan
Dawson, Giardino 2105.05852



WHAT IS AUTOMATED ?

SMEFT
MadGraph5.aMC@NLO can per-

form NLO QED computations Frix-
ione et al. 1804.10017, 2108.10261

and a large set of UFO mod-
els exist Pagani et al. 2106.02059,
Durieux, Mimasu et al. 2008.11743

but ... NLO QCD NLO QED
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WHAT IS AUTOMATED ?

MadGraph5.aMC@NLO can per-
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SMEFT

SMEFT@NLO 0

NLO QCD NLO QED
loop_qcd_ged_sm(.Gmu)



AUTOMATED COMPUTATIONS AT NLO : THE PIPELINE

FeynRule NLOCT
Feynman Rules . Counter-terms (CTs)

FeynRules %
UFO model
MG5aMC@NLO
Matrix elements

vy
Events




1001 SCHEMES, AKA WORKING WITH NLOEW

Dim. 6 op. basis — Warsaw
Regularization — Dim. reg.




1001 SCHEMES, AKA WORKING WITH NLOEW

Warsaw
Dim. reg.

Dim. 6 op. basis
Regularization

Renormalization — MS, 0S, CMS ?
Input scheme — o, LEP, o), ? BieRotter et. al. 2305.03763, 2312.06448
Flavor scheme — 5F, 4F ?
~vs—scheme — BMHYV, KKS, NDR ?
Gauge fixing — Unitary, Feynman, R¢ ?
Tadpoles — PRTS, FJTS, GIVS ?



TADPOLE SCHEMES 101

For a deeper dive, see Passarino 0612122, Denner & Lang 1607.07352, Dittmaier
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For a deeper dive, see Passarino 0612122, Denner & Lang 1607.07352, Dittmaier
2203.07236

Lesson 1: Vev induced parameters renormalized with Non Momentum based

conditions (e.g. MS) develop a Gauge-Dependence under a naive
tadpole renormalization.

Lesson 2: Gauge-Invariance for these MS renormalized parameters can be

restored with well-defined tadpole CTs.

What tadpole scheme should you use ?
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) few contributions of tadpole CTs = most CTs are small
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Parameter Renormalized Tadpole Scheme (PRTS) :

) few contributions of tadpole CTs = most CTs are small
@) Vev induced MS parameters are Gauge dependent.

Fleischer-Jegerlehner Tadpole Scheme (FJTS): shifth — h + v + Av and
ty — AL=Llawo)
h=o
¢ tadpole CTs for all vev induced parameters (equivalent to not
renormalizing tadpoles).
@ produces large CTs (perturbative stability is threatened).

Gauge Invariant Vev Scheme (GIVS) : Non linear Higgs representation + PRTS

¢y small CTs,
tadpole amplitudes are Gauge-Invariant !
) too young (2022), not yet used in the SMEFT EW community.



PIPELINE OF AUTOMATED COMPUTATIONS

FeynRule NLOCT
Feynman Rules ! Counter-terms

FeynRules
UFO model
MG5aMC@NLO
Matrix elements

ey
Events




NLOCT

UFO models need both UV and R2 CTs (automatically generated by NLOCT).

Most of the 1-loop EW machinery is already implemented (vs, dim. reg., 2 and 3-pts
renormalization) except :

m FJTS (hybrid tadpole scheme, see OnShellRenormalization[])

m G,-renormalization




PIPELINE OF AUTOMATED COMPUTATIONS

Lagrangian

FeynRule NLOCT
Feynman Rules ! Counter-terms

FeynRules
UFO model
MG5aMC@NLO
Matrix elements

ey
Events




FIRST MODELS : UNLOCKING THE HIGGS SECTOR

Build the broken SM lagrangian in interaction basis (g4, g,, v, \)*Warsaw basis

Ly =(D,H")(D"H) — A(HTH — v?/2)?
+ Cyo(HTH)O(HH) + Cup(HTD,H)*(HTD*H) + Cy(HTH)?
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FIRST MODELS : UNLOCKING THE HIGGS SECTOR

Build the broken SM lagrangian in interaction basis (g4, g,, v, \)*Warsaw basis

Ly =(D,H")(D"H) — A(HTH — v?/2)?
+ Cyo(HTH)O(HH) + Cup(HTD,H)*(HTD*H) + Cy(HTH)?

BV =V (1 + %)

m kinetic term shift {h, Go} — {(1+ Cy xin)h, (1 — v?Chp/4)GO}

. MI2-I = 2)“/% ( 3CHV +2Cy k|n) where CH kin = V?(Cho — Chp/4).
4

" 2= (g% +3) (1+ B¥)

Including M2, = ga"% and e = —222_ gijves the usual mass basis (e, My, Mz, My).

\V 9i+03




PIPELINE OF AUTOMATED COMPUTATIONS

Lagrangian
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h — ff

Pecjak et al. (2016, 2019, 2020, 2023)

B do, 2 d¢s 2
Fh%ff—/m|Mh—>ff| +/2,,,H‘Mh—>ff(9n)’

o (4,0) (6,0) (4, 6,1
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h — ff

Pecjak et al. (2016, 2019, 2020, 2023)

[ do, 2 des 2
rh—>ff_/2,m_,|Mh—>ff| +/ - Miif(g )|

o (4,0) (6,0) (4,1 6,1
= By(mp)(r® + 1 4 (e 4 67

: - 1
iMjs = —it(ps)v(ps) [A}‘*’O) +AL) 4 o (A 4 A>T

r(‘ho) _A(A,O) A(4,0)7 r(‘h") 2A(4 0) A( 1)

f  —°F 7f f 1672 f f
(6,0) - A(4,0) A(6,0) 6,1 1 (6,0) A(4,1) (4,0) (6,1)
rf _2Af .Af , rf = 162 (A]r Af +Af Af )




Papers/Tools Input mp Renorm.
1904.06358 a, My, My OnShell/MS
2305.03763  Gg, My, Mz/ar, My, Mz /v, G, M MS

NLOCT a, My, Mz OnShell/MS
MG5 GF,Mw,Mz/a,MW7Mz/Oé,GF7MZ X
MGS@NLO GF,Mw,Mz/a,Mw,Mz OnShell

Table: Schemes

OnShell renormalization is mandatory for My, in MGS@NLO = excludes LEP input
scheme at NLO.
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A}O ‘ SM SM+O¢D SM+O¢D

(6.0) (67)  (6) 2023 | 1 1.117 1.073
AMO _ 4 Sl 2019 | 1 1.115 1.071
f r)(f"o) MG5 | 1 1.117 1.073

Table: LO, a-scheme

A}VLO ‘ SM SM+O¢D SM+O¢D
2019 | 0.602 0.684 0.644
MG5@NLO | 0.596 0.664 0.626

Table: Total NLO corrections, OnShell, a-scheme




h— 7Z & 7y

Ow | /KWW rwy | o, (6F¢)? Ou (oto)a(ete)

Dawson and Giardino 1801.01136 Oup| (AD6) (41Du0) | Ous | (Wopuid) | Oy (o) W1

Ou|  (610) BB |Ogwa| (¢Ir10) WL B™ | Ouw | (g ul)7 6 W]

w

Complete 1-loop SMEFT computation

. W I P =G, 3 P=ga .
5| Oun| (@ u)d B oL [ (otiD, o)) | 0% (o1iD] o)(T,r 441))

P pr pr

m Warsaw basis, Ou| (0B 0)@pre) | 0N |(6hiByo)@ra) | O (6iB o)gr' v al)
P por por

m Input scheme (My, My, Mz, Gy, Gi), Op| WiB )@t | Opa |(@iByo) @t Ou | Tty Tt
o P s

m OnShell for SM parameters, T
m MS for Wilson coefs.

Figure: Table | : 19 Wilson coef. contributing at
1-loop.



h— 7Z & 7y

G,, input scheme: One-loop computation of ;,~ decay in zero-momentum scheme.

. MRy v A

Making the above relation valid at any order defines Ar perturbatively as

v2c®) v2(2c®) — ¢ 2v2c)
Ar =22B+V (1 == ) +6Z (1 , - Wi HA"ZEO) 14+~ | +AD.
w

and is equivalent to the renormalization condition for v :

c®
V=202, 6 = Ar (1 Cu 32 Gl )

V26, V26,,\2 G\




TAKE HOME MESSAGE

Be kind with your tadpoles, check wether your vev induced MS parameters are
gauge invariant,

One completely automatised scheme for UFO generation : (a, My, M)
G, models are being tested for h — ff, h — ZV and ete~ — Zh

NLOCT might receive an upgrade ...



THANK YOU FOR YOUR ATTENTION !



BACKUP : FERMI MODEL

Effective theory of the SM below the EW scale :
Lefr = Laep + Laco — 2V2GF[7,7,,PLu][6v"Prve]

In this theory, the tree-level amplitude of the muon decay at vanishing external
momentum is :

A = —2/2G¢[T(0), P u(0)][E(0)7" PLv(0)]



Results for Arsy = 167r2\6/—3Ar c

6MiA0(M7)

Arsy =
SM M2 — MR,

6M3
W~ ANCAG(M) N + Ao (104 ) —

M2, — M3
3M3 6M?

o) (2 20— M) o,
w V4 H w




ONE-LOOP AUTOMATION : STATE OF THE ART

1/ NLOCT
What ? Package that computes R2-rational (see OPP) and UV CTs.

How ?
m Dimensional regularization,
m anticommuting 15 & no trace’s cyclicity, ‘reading point’ (Kreimer’s scheme),
m "Hybride” tadpole renormalization,
m On-Shell/Complex Mass / MS scheme for 2pt-functions,
m MS / Zero-Momentum scheme (+Ward Id) for 3pt-functions,
B Feynman Gauge.



ONE-LOOP AUTOMATION : STATE OF THE ART

2/ SMEFT@NLO

What ?
List of R2-rational and UV CTs for QCD & 4fermions loops in SMEFT (up to 5pt).

How ?
m On-Shell scheme for 2pt-functions,
m MS for 3pt-functions and Wilson coefficients,
m covariant anomaly scheme (preserves QCD Ward Id),
m evanescent operators (see Buras).



