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Advantages:
Simplifying heavy dofs
Model independent observables

Easy to relate to experimental
observables

Construction of an EFT:

> Energy scale

> Relevant degrees of freedom
> Symmetries

Good tool for hunting new physics!
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Matching

Diagrammatic approach: Path integral approach:
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Functional method

n — Quantum fluctuation

1 = Background field configuration
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Functional method [Fuentes et al. 21

Tree level [Ltree level [77L: i (nL)] — Lg;:e’lg level]
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Functional method

i
One-loop fddeé]i;)T = ESTr[lnA_l]

[Fuentes et al. 21]

STr{(AX)"]

hard
]

l Covariant Derivative Expansion (CDE)

r
STr[InA, 1

H

TR Ty =% [atx |

da 00
éﬁ’; dtr{[A Y (QA)’”X]”}

T ay (fAdy e )
hard i/d x/ (ZN)dtr{/oo dg ¢ Aty Z(gﬂHAFm)

n=1

J

m=>0




Toy model

> Two scalars:
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> Possible interactions:
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Tree level

» Diagrammatic approach > Path integral approach
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One loop diagrammatic approach

> Diagrammatic approach
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One loop functional approach

> Functional approach
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And actually useful!

ﬁ f :
U { NeXep Ao X,




M asis m
. Matching
basis

Sym2int Matchete DsixTools
[Fonseca 17] [Fuentes et al. ‘23] [Fuentes et al. ‘20]

> - \ FIATCAETE |\ Ds

T8 MatchMakerEFT+SOLD #*;,} 'E@@Es

AutoEFT [Carmona et al. ‘22]
[Harlander et al. ‘23]

Alult|o AMONG OTHERS!

[2307.08745]

EFT




Why LNV 0 p e rato rS? [See lectures of Michal Malinsky!]

Lepton number is an accidental global symmetry of SM

\

Smoking gun for New Physics!

H H
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> Neutrino mass mechanisms: Majorana vs Dirac




LNV operators in SMEFT
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» LNV in odd dimensional operators
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Dim 7 LNV operators

» 12 independent operators
with AL = 2

[Fridell et al. '23]
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Matching from SMEFT to LEFT

O

Operator

Matching
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Not induced by d =7 AL = 2 SMEFT operators

UV theory

[Fridell et al. '23]

Constraints on SMEFT

Matching to SMEFT

Constraints on LEFT
Matching to LEFT

I

Experimental observables




Effective Approach to Ovf3f3

> Different mechanism beyond the standard scenario may contribute to Ov3f3:

Atomic phase space [Deppish et al. "18]
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Wilson Coefficient 1 1 Nuclear matrix element




vDoBe: A Python Tool for Ovf3f3

= b  [Scholer et al.’23]

> U ser in p uts: ~ model User-provided Matching

= Scale energy. ! ] | !

= Operators.

= Isotope. dim =5 1
= Type of nuclear matrix My ~ 80 GeV ‘ I 7 ) l
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Calculations automated by vDoBe




[Graf, Hati, AM, Scholer in preparation]

UV theories WORK IN
PROGRESS

Matching to SMEFT S
I > Could we distinguish between LNV due

to Weinberg operator or dimension 7

— — — — . operator?
Matching to LEFT -

AObS *

> But also can be tested by a variety of other observables!
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Conclusions

EFTs are very versatile and useful for the hunting of new physics.
The functional method is another valid way of efficiently computing EFTs.

Computational tools are being developed to ease the burden of
calculations.

EFT approach to study LNV processes could help us to distinguish
between new physics scenarios.

Oovpp together with other observables could potentially distinguish
between the different dimension 7 LNV operators of SMEFT.
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Method of regions

I = Ipgra + Isoft

Hard expansion (p~M) Soft expansion (p~m < M)

remains the same
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Toy model result
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Two-Higgs-Doublet Model

> SM + heavy doublet SU(2), [Cornet '21, Celis ‘14]

> It couples to fermions as

Ly ) _(l_Lp[yfrH + ygTCD]eRT + h. C.)

> Goal: see effectson (g — 2),

—

[Pilato ‘21]
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Matching magnetic dipole
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Evanescent contributions
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Effects on (g — 2),
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