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Introduction

Effective Field Theories

Advantages:
- Simplifying heavy dofs

- Model independent observables

Good tool for hunting new physics!

Construction of an EFT:
- Energy scale
- Relevant degrees of freedom

¢ Symmetries

[Image: H. Murayama]
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But... Why Lepton Number Violation?

Lepton number is an accidental global symmetry of Standard Model
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Smoking gun for New Physics!
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Neutrino mass mechanisms: Majorana vs Dirac
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LNV operators in SMEFT

AL = 2 LNV operators are odd dimensional in SMEFT [Kobach “16]
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[Babu, Leung "79]
[Weinberg 79] [de Gouvea, Jenkins ‘O8]
[Lehman "14]

‘Graesser "16]
Liao, Ma ‘08
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We can generate models without tree level Weinberg
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But... Why dimension 7?
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But... Why dimension 7?

We can generate models without tree level Weinberg
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Dimension 7 LNV operators in SMEFT

[Friedell et al. 23]
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Effective Approach to Neutrinoless Double Beta decay

Different mechanisms beyond the standard scenario may contribute to Ovff

d u

Atomic phase space

v
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Wilson Coefficient*

[Deppish et al. 18]
[Cirigliano et al. 18]
[Hirsch et al. ‘97]

*Nuclear matrix element
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One loop effects in Neutrinoless Double Beta Decay

UV Theory

* One loop effects in the previous constraints of Anp o
Ovpp.

I ¥ Matching to SMEFT
* One loop effects in UV competitions. j

Ovpp

n o [arXiv:2504.00081 - Graf, Hati, AMG, Scholer '25]


https://arxiv.org/abs/2504.00081

One loop contributions

Zhang 23
Zhang 24

Matching Renormalization Group Equations

GO = (55 06) 4 565 06 06) 06) 4 456 0(6) 0©)
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* Mixing between dim 5, dim 6 and dim 7
operators.

* Potential generation of dim 5 or dim 7
LNV operators via mixing

12 [arXiv:2504.00081 - Graf, Hati, AMG, Scholer "25]
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Scholer et al. '23]

WOrkfIOW Fuentes et al. 23

[Carmona et al. '22]

New bounds
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Huge changes!

1-Loop (1st gen)

Bottom up new bounds
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Bottom up new bounds

1-Loop (1st gen)

W Tree Level (1st gen)

Huge changes!
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Top down model example 67

No tree level contribution to Ovff

SU3B). SUQR2); U(l)y Vanishing matching contribution

F 1 2 3/2 S
_ _ _ — gl T nEXO
Ly C fiLPRit, LCOT + f,e“PpFH' + FPpit,L¢® 5 107 A
Q. KamLAND-Zen
. _ QN 4
* Generation of @(ZL)éH = el-jemn(eLi)(LjTCLm)Hn at tree CL—! [ 026 1
level.
. . G e \ Dim 7 mixing
* One loop dim 5 matching contribution cancelled due to |+
symmetric Yukawa-like term. 1034 - Dim 5 mixing
New and strongest bound from Ov/3 at one loop.

10° A [TeV] 10



Conclusions and next steps

EFTs are powerful tools for probing new physics.
LNV signals new physics. Higher dimensional operators provide insights.

Dimension 7 operators can compete with Weinberg operator.

Ovpf decay sets the strongest bounds with complementarity of other experiments.
Loop effects tighten constraints and alter the previous prediction for Ovfp.

Operator mixing can induce Ovff even if absent at tree level.

WIP: expanding this analysis to other observables.

Loop effects can be important and must not be ignored in general.

Thank you!






Matching from SMEFT to LEFT

'Matching to SMEFT

_Matching to LEFT

O Operator Matching
S,prst S— — AGpr S,pprst /2 prst psrt
OclLL (€Rperr) (v5v1) /2 Cev;LL = T 78 (22 1in + Corrin +5 € 1)
S,prst — — AGr S,prst /v ST tp tr Sp
Oel/;RL (6LP6R7“)(VSV75) V2 CeV;RL -2 ( LeHD5 CLeHD5 )
T,prst — —C U AGgp T,prst | \/2v (psrt ptrs
Oeu;LL (erRpowerLr) (Vo vy) /2 Cev;LL — + (CéLLLH — éLLLH)
S,prst o — AGgr S,prst /2w ptxs psxt
Ou,LL (drpdrr) (V5vt) o Caner = % Ver Carorm + Carorm)
T,prst - —C v AGp Tprst /20 ptxs psxt
Odu;LL (dRPUWdLT)(VsU Vt) /2 Cdv;LL — ~ 732 Var (CJLQLIﬂ o CJLQLH1)
S,prst — v AGgr S,prst | /2uv (prst prts
Ouu;RL (uLpurr)(vsrt) /2 Cuv;RL — 7 (CQULLH T CQULLH)
AGp Sprst
S,prst % — V2 “duve;LL
OdUVe;LL (dRp ULT)(VS eLt) 4 V2v (chtrs + Cptrs . Cpsrt )
8 dLQLH1 dLQLH?2 dLQLH?2
S,prst —C AGr Sprst | \2uysx Hxrts
Oduue;RL (dLPuRT)(V SeLt) NG cduue;RL =+ 2 ViBPCQuLLH
AG CT,p'rst .
T,prst 5 —C LV V2 “duve;LL
Oduz/e;LL (dRpO'/u/uL’r')(VsO' eLt) +\/§v (2Cptrs + Cpt'rs + Cpsrt )
32 dLQLH1 " YdLoLH2 " Y dLQLH?2
V,prst - A AGgr Vpprst | /Ui«
Oduve;LR (dLP’YNuL"')(VS’Y eRt) V2 Cduve;LR = T 2 V"“PCLEHD
V.,prst > — AGg Vprst | /2v ~psrt
Oduve;RR (dRp'YuURr)(VS'Y eRt) V2 Cdw/e;RR =+ 4 ~dLueH
S,prst - —
O4.RL (ALpdrr)(Viry)
S,prst — — .
Ouril (WrpuLr)(Vi1y) Not induced by d =7 AL = 2 SMEFT operators
T,prst — —
0P (Wrpo Ly ) (VSoH 1)

uv; L L

[Friedell et al. '23]

UV Theory

Constraints on SMEFT

Constraints on LEFT

Experimental observables
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Tree Level
1-loop

i 10

=== 1-loop dim-5 Matching
1-loop dim-7 Matching

[Babu 09’]

1-loop dim-5 Matching + Mixing
1-loop dim-7 Matching + Mixing
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Model example: non-trivial matching

+ U(1)" with charge ¢

[Aoki et al. 20]
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