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Neutrinos and lepton number violation

 Mass origin and Majorana nature -- the unknown of neutrinos

e How do neutrinos get their masses?
* Are they Dirac or Majorana fermions?

Dirac mass: Majorana mass:
v X(H) e 4 “Weinberg operator”
(H)\ rY H "
vr Cs rerrs\( 7t
very small coupling / (very) large scale
AL = 2 LNV a la eg. type-l, Il, lll seesaw

clear evidence for BSM, connected to BAU 2



Neutrinoless double beta decay

e Schechter-Valle theorem:

An observation of 0v33 decay undoubtedly implies the
Majorana nature of neutrinos

OvB6 decay: Majorana mass:

Schechter, Valle, Phys.Rev.
D25 (1982) 774

(A, Z) = (A, Z+2)+e +e

Black box: AL =2 LNV interactions



Effective field theory approach

e A systematic description of all AL =2 LNV sources
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Non-standard mechanisms

Standard mechanism: Non-standard mechanisms:

dy == ey = uy d -

:YV:LLVA = e

e
p ~ 200 MeV xXmy

iVjﬂ‘rV_A 5 e‘; e

q e > L d u
2 2 5
GEmy/p ~c/A
| ¢/ A’ 3.3 TeV 0.1 eV C: new coupling
An estimate: ——— = ) A: new particle mass
GLmee [p? A mee



Non-standard mechanisms

In the EFTs below the weak scale
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Non-standard mechanisms

Dim-9 LNV operators in SM-EFT’ (LEFT)

e lepton bilinear

— c —~ c =__cCc = c
el'se” = ere}, ,erer , ey, 75¢€

* quark biliners Prezeau, Ramsey-Musolf, Vogel, PRD 68 (2003) 034016
O1 = Byt ad @ovrrtel, Of = @&vrTdd dor D

MOTT L R R S S RN,
03 = Tirtal Bl Oy =qimvqp @rras, | l/gi< ¢
Os = qFvutaf ap" 7 dp » 1/p2 5 ¢
| Os = aivra v ok ) - ’p ;

Of = (amtv"qr) (@rar) | Of" = (grmt7"qr) (@r7"ar) .

Of = (qut"t"v"qr) (qrt"v"qr) | 04" = (qrt“r"qr) (qrt"v"qr) |

Of = (qz7"v"ar) (Grnm"ar) . OL" = (grm™v"qr) (qL7"aqr) .

Oy = (qut*v™y*qr) (grt*trqr) o4 = (qrt*tt*qr) (qLt*m " qr) |



From EFTs to BSM models

The interpretation for Ov35 decay in the EFT approach

—1
(T{)/VQ) — gﬁl{GUI (lAv|2 + |./4R|2) — 2(G01 — GU4)R6A::AR - 4G02 |AE|2

+2Goa [|Am, | + Re (A5, (As + AR))]
—2Gosz Re[(Ay + Ar) AR + 2Am. ARl  “master formula”

+Gog |Aﬂ,f|2 + Gos Re [(A, — AR)A}y] } .
V. Cirigliano et al, 1708.09390 (JHEP), 1806.02780 (JHEP)

* Different constraints on (mgg) or Wilson coefficients are obtained

(mgg) ~ LECs x Wilson Coeffs

e The EFTs sheld light on possible BSM models at work

well-motivated scenarios? observed neutrino masses?



From EFTs to BSM models

A detection of Ovj33 decay raises further questions. Foremost is the “inverse problem”:

re Majorana neutrino masses the correct physical explanation_far such a detection? If so,
Are M t th t physical lanation_far such a detection? If
what are the 1mphcat10ns of such a detectlon for theoretldal models of neutrino masses? If

~
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of current and future Ov 33 experlments, the Large Hadron Colhde1 (LHC), and astrophysms and
cosmology; b) compute Ov3[ rates with minimal model dependence and quantifiable theoretical

Neutrinoless Double-Beta Decay:
A Roadmap for Matching Theory to Experiment

V. Cirigliano et al., 2203.12169, Snowmass 2021
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From EFTs to BSM models

Going beyond the EFTs enables comlementary tests of LNV

P
Ovp3B decay : m,
1
other probes
model 1: compete model A2
« chirally enhanced contributions to 0v33 decay (f) ~ 25

e correlated with m,,
e interplay with cosmology, collider searches, precision meas.
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Model 1

The left-right symmetric model

Gauge group: SUB3)e x SU(2) x SUR2)r x U(1)p-1L

u U
qr = ( ) qr = ( )
Doublets: dj d /g Mohapatra and Senjanovic,
1 N Phys.Rev.Lett. 44 (1980) 912,
Ly = ( ) Ly = ( ) Phys.Rev.D 23 (1981) 165
1/, L)k

B ¢} by (U 0 t :@
Bidoublet: ®= (qﬁl_ ¢g) ‘ @) = (0 vze"“) an J U1

Triplets:
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Model 1

Well-motivated scenarios:

e complete model that provides natural origin of neutrino masses
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Model 1

Generalized parity or charge conjugation as the left-right symmetry
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Model 1

Left-right symmetry is not assumed
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From EFTs to BSM models

Going beyond the EFTs enables comlementary tests of LNV

OvfB6 decay ! m,
1
other probes
model 2: simplified model A2
« chirally enhanced contributions to 033 decay ( ) ) ~ 25

e uncorrelated with m,,
 interplay with LHC searches (long-lived particle)

16



Model 2

Simplified model inspired by RPV SUSY
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Model 2

Ovp3B decay and long-lived particle searches at the LHC for LNV

me=30 GeV, go=1072
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From EFTs to BSM models

Going beyond the EFTs enables comlementary tests of LNV

Ovp3B decay f m,

1

other probes

model 3: simplified model
* chirally suppressed contributions to 033 decay
e uncorrelated with m,,
e interplay with LHC searches

19



Model 3

Simplified model that induces chirally suppressed 0v53 decay
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chiral power counting

~ 1/25 M. L. Graesser, GL, M. J. Ramsey-Musolf, T. Shen, S. Urrutia-Quiroga,

2202.01237 (JHEP)
M. Agostini, G. Benato, J. A. Detwiler, J. Menéndez, F. Vissani, 2202.01787 (JHEP)
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Model 3

Simplified model that induces chirally suppressed 0v53 decay
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Ovp3B decay and LHC searches

0.5

0.41}

0.3

Yew

0.2

0.1

0.0"

Model 3

1-0 i i
}o?\eéd)\u\lf
0.8
0.6/ | 1
3 [ii
SRR
0.4 '\ S
\\:\\\ SSDL
02, Tl
0002 04

BP1:mg =1.0 TeV,mg = 2.0 TeV,mgr = 2.0 TeV;
BP3:mg = 1.0 TeV,mg = 4.5 TeV, mr = 2.0 TeV.
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In

UV completion

the EFTs above the EW scale
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From BSM model to dim-9 LNV LEFT operators:

model 2, 3: one-step integrationt

model 1: one-step, and two-step integration

T operators in the SMEFT and LEFT are the same




UV completion

Build up the BSM models of LNV

BSM models

Bonnet et al, 1212.3045 . .
Chen, Ding, Yao, 2110.15347 dim-7 SMEFT dim-9 SMEFT

dim-9 LEFT e QOperator bases: Lenman 2014; Liao & Ma
2016, 2020; Li et al, 2020

e UV completion: GL, J.-H. Yu, X. Zhao,
work in progress



Summary

EFTs provide a systematic description of Ov(35 decay of BSM
models of LNV, and sheld light on possible UV completion

Going beyond the EFTs enables to test LNV with 0v33 decay
and other probes

We study three representative models with enhanced /suppressed
contributions to O3/ decay being obtained, which interplay with
cosmology, collider searches, precision meas.

From the bottom-up approach, other BSM models of LNV are
expected



