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Introduction of Neutrinoless double beta decay




Dirac vs Majorana neutrino

What is the Majorana nature? 1937

The antiparticle of a free fermion is itself.
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Tiny Yukawa coupling Yukawa coupling not small, but mR heavy

How to forbid the Majorana term?

_ The Majorana term is allowed
Lepton number conservation

Lepton number violation

credit:Jiang-Hao Yu
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Introduction of Neutrinoless double beta decay

» What is OvBB? d+d-u+u+e +e e

n+rn->p+pt+e +e -
* Two neutrons decay into two protons, only two electrons emit éf =

* Lepton number violation (LNV = 2) weak-interaction process -

> Why is 0vB?

* |f the OvBP decay process is observed, neutrinos must have

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

Majorana masses.
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Nonstandard mechanisms in EFT framework




Framework of Effective field theory
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Low-energy effective field theory

Long-range V. Cirigliano et al.,1806.02780(JHEP)
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Chiral effective field theory

V. Cirigliano et al.,1806.02780(JHEP)
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Effective field theory approach
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UV completion
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dim-7, 9 SMEFT UV models
\
operator leptoquark(s) vector-like fermions singlet scalar
. Tree-level
o0 | Ry e (3,2,1/6) | Uy € (3,1,2/3) U re(1,2,-1/2) /
5
© |a -3 _ 53y / _ > ©) v
Oy’ |S1€(3,1,-2/3)[Va € (3,2—-1/6) EpL g€ (1,1,-1) / Contprr ~ 5
0 | Ry € (3,2,1/6) / Urre(l,2-1/2) S € (1,1,0)
0 | Ry e (3,2,1/6) | S1 € (3,1,1/3) U re(l,2-1/2) / )
00 o|72e@2-1/6) / Vire(L2-1/) din€ (1 -13)| seo | One-looplevel

3
cn v o1
SMEFT A3 167'[2

(&~}

L D Mg (CZR’YMGR) U{L + )\u\pR;ﬂ%\DR
+ A\praUM Rye (iD H) + fy VU Heg + h.c.

U,

dp

Insertion of Du'

Gang Li, Jiang-Hao Yu, XZ, 2311.10079

N XtE (PR E)




UV completion
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UV completion
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Indirect searches in Ov(3 5 decay experiments

KamLAND-Zen experiment Half-life of OvBp

Ty}, > 2.3 X 10%6 year Y 2 2
The future tonne-scale experiments ( ) [601(|AL| + [ARl%) =
T1/2~ 1028 year 2(Go1 — Goa)ReA] AR]
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A [TeV]

OvBB-decay experiments are sensitive
to A ~2-3TeVfor gyp = 0.2, which Phase-space factor 136Xe GO01=1.5x 10%5yr~1

is in the reach of LHC searches.
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Direct searches at the LHC

Signal proceess: SSDL and at least two jets Cut used by ATLAS:
W pr® > 40 (25) GeV | 7 |< 247 ,
3 ph > 100 GeV |n; |< 2.5,
R, e
Uy Impose Hy > 3TeV to reject most of the SM backgrounds.
o The number of signal events: n, = 0.6, L €5~ 0.3
R, exclusion limits ng = 3 with no SM background.
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| sinB=0.05, Aeq=0.2 (@) sinf = fyev/ (\/§m\11)
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* 0vpp decay and the LHC are complementary to each

01l other.

086 o1 oz 03 o4 os * HE-LHCare muchimproved compared to the HL-LHC.

* For a larger my or smaller fy,, the HE-LHC and tonne-
scale OvBB experiments are crucial to probe the
couplings of the LQs.
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Summary

* The EFT framework is used to study Ovf3[ decay, while promising UV
completions are classified -- left-right symmetric model, leptoquark
models.

* Chirally enhanced LNV operators at low energy--stronger constraint from
OvBf decay experiments.

e SMEFT operators: dim-7 at one-loop, dim-9 at tree-level —comparable.

e LHC search-- LHC and OvB decay experiments are complementary.

Thank you for your attention!
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Appendix
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