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Neutrino masses (Evidence of Physics
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<+ Neutrino masses descrlbed by the Wemberg operator (d = 5)
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Lepton Number Violation (LNV)

% Neutrinoless double-beta decay (Ovgp)

Induced by d = 5 operator - Experimental searches |
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Lepton Number Violation (LNV)

% Neutrinoless double-beta decay (Ovgp)

Induced by d = 5 operator - Experimental searches |
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Lepton Number Violation (LNV)

% Concrete BSM models for neutrino masses can induce additional

contributions to Ovfp :
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<+ We are going to explore these effects in a minimal Leptoquark (LQ) model

| V. Cirigliano et al, JHEP 12 |



SUQB)- X SU2); X U(l)y
Leptoquarks and Ovpp o A

<+ Leptoquarks: colored particles that couple to quarks and leptons \\‘ar
@ Models: Sy~ @33,1/3) and R, ~(3,2,1/6) or S, ~@G,1,1/3)and R, ~ (3,2,1/6)

| C. K Chua et al. Phys. Lett. B, 479 |
| U. Mahanta Phys. Rev D, 62 |



SUQB)- X SU2); X U(l)y

Leptoquarks and Ovfp o

< Leptoquarks Colored partlcles that Couple to quarks and leptons \\‘ar
% Models: | S (33 1/3) and R2 (32 1/6) or ~(3,1,1/3) and R, ~ (3,2,1/6)
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Neutrino masses

N

“* Q = -1/3 components of LQs can mix to generate neutrino masses
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Double Beta Decay Neutrinoless Double Beta Decay

Neutrinoless double-beta decay

% Contributions from d = 5 and d = 7 eflective operators —

t d = 5 contribution }
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Double Beta Decay Neutrinoless Double Beta Decay

Neutrinoless double-beta decay

% Contributions from d = 5 and d = 7 eflective operators —

i d = 5 contribution |} { d = 7 contributions |} | S: — R,

' (loop - level) : ‘ (Tree - level)
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<+ Effective Field theory approach | V. Cirigliano et al, JHEP 12

| KamLLAND-Zen Collaboration |


https://inspirehep.net/literature?q=collaboration:KamLAND-Zen

Phenomenology

% Electroweak Precision Tests

- T parameter: corrections to the gauge-boson two point functions
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Scalar Leptoquarks

> Mass spliting between leptoquarks induces additional contributions to T
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Flavor Physics
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Flavor Physics
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Recap

<+ Scalar Leptoquarks with mixing
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Numerical Results

% Neutrino masses

3, P2
m, = — (yZL Va- Y3L+Y3L Vi Y2L)

16\/_7r2 M2

% A3 = M/2 and M = 100 TeV




Numerical Results

% Neutrino masses
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<+ Requirement that we need to reproduce results from oscillation experiments:

Amz, = (74 £02)x 107 eV?, |Ami,| =(2.51 £0.03) x 107 eV?, with £ = 1(2) for NO (IO)

< PMNS matrix within the allowed 3¢ range
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% Random Majorana phases in the range O < a;, <«

< Cosmology: Z m, S 0.12eV

| N. Aghanim et al. [Planck|, Astron. Astrophys. 641 |
| NuFIT 5.3 (2024), www.nu-fit.org. |



NMEs from ref. [ J. Menéndez, J. of Phys. G 45 ]

Neutrinoless double-beta decay
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NMEs from ref. [ J. Menéndez, J. of Phys. G 45 ]

Neutrinoless double-beta decay
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Neutrinoless double-beta decay
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Conclusions

<+ Neutrino masses and oscillation are clear evidence of physics BSM
<+ Majorana neutrino masses can be generated at one loop in scalar Leptoquark
models:

—> New chirality-enhanced ( « E/m)) d = 7 contributions to Ovff at tree-level!
< Ambiguity between NO and 10 (more info is needed, e.g. oscillation)!
<+ Flavor constraints can probe a substantial part of the parameter space

—> Large exp. improvements in 4 — e conversion in nuclei in the near future

—> Complementarity to future searches of Ovff
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Neutrinoless double-beta decay and m,
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Neutrinoless double-beta decay
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d = 7 operators at tree-level
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Neutrinoless double-beta decay
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Neutrinoless double-beta decay
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Correlation Ovff) vs. uN — eN

< Huge improvement in uN — eN experimental sentitivity

- Present: B(uAu — eAu) <7 x 1071° (90% C.L.)
> Future: B(uAl — eAl) ~ 6(10~17)
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Correlation Ovff) vs. uN — eN

< Huge improvement in uN — eN experimental sentitivity |

Can we have suppressed

puN — eN while myg; is large?
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Correlation Ovff) vs. uN — eN

<+ Huge improvement in uN — eN experimental sentitivity . :
Ay = gy = mj, |
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Correlation Ovff) vs. uN — eN

< Huge improvement in uN — eN experimental sentitivity

Can we have suppressed

puN — eN while myg; is large?

SAIAR

Condition 1: Cancellation between

S, and R, contributions

> Additional spin-dependent
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Correlation Ovff) vs. uN — eN
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