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Why the SM neutrinos have a tiny 

mass far below the weak scale?

Hints from 𝑑 = 5 Weinberg 

operator 
1

Λ
𝐿𝑖𝐻

2 ⇐type-I/III 

(singlet/triplet Majorana 𝑁𝑖), 
inverse seesaw 

Change the vacuum: type-II 

with 𝐿𝑇𝐶−1𝐿Δ (hypercharge-1 

triplet scalar with Δ0 ≪ 𝑚𝑊)

Suppress via dark 

matter loops for the 

radiative neutrino 

masses 

Seesaw services 

as an attractive 

platform for BSM 

As a portal to dark 

matter, leading to 

UV-FIMP for very 

heavy RHN

This talk is to study 

its interplay with 

vector-like lepton
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Seesaw meets the vector-

like leptons (VLL)  doublet 

with hypercharge −𝟏, a 

possible TeV BSM object

introduced to cancel anomalies 

of new gauged symmetries

to realize full neutrino mixings in 

some models with a family symmetry

A prediction 

from 𝐸6 GUT? The fourth family, 

to provide a 

large CP phase?

The Higgsinos in 

supersymmetry 

with a term 𝐿𝐻𝜇

To portal 

dark matter 
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A concrete but not elegant example: 

flavorful gauged 𝐵 − 𝐿 13

It generates LFV 

coupling flavon-𝑒 − 𝜇 

via (𝑈𝑅)41≃ 𝑌1
𝑒𝑣ℎ/𝑚𝐿 

Occam’s 

razor 

principle

At the same time, this mixing 

element will be adjustable to 

suppress the charged lepton 

flavor violating decayAlternatively, turn on this element 

leads to LFV flavon coupling to 𝜏𝜇

𝑀2
ℓ = 𝜆2

ℓ𝑣𝑓/ 2 is related to flavor 

symmetry breaking, to account 

for the full neutrino mixing

Related to 𝐵 − 𝐿 13, 
the selected LFV 

pattern for flavon is 
ℱ = 𝑠 ± 𝑖𝑎 ҧ𝜇𝑷𝑹𝑒/𝜏 

Z. Kang and Y. Shigekami, 

JHEP, 2019
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This talk: to explore 

implications on 

seesaw from the 

VLL seesaw+

Light RHN below 𝑚ℎ/2: 

look for Higgs boson 

exotic decay via ത𝐿𝐿 ෩𝐻𝑁𝑅

The new elements in various seesaw are 

testable, except for 𝑁𝑖 which decouples with 

EW as 𝜃~ 𝑚𝜈/𝑀𝑁

Using the possible 

gauge interactions 

of 𝑁𝑖 like 𝑈 1 𝐵−𝐿

Zhaofeng Kang, P. Ko and 

Jinmian Li, PRD 2016

VLL-RHN strong mixing: 

find hints of split VLL in 

EWPOs (one main goal)

VLL-RHN & VLL-lepton mixings:  

investigate prospect of quasi-EW RHN

in 0𝜈𝛽𝛽 signal (another main goal)

Direct search quasi-EW 

RHN at various colliders
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VLL doublet couples to SM leptons 

are dangerous, but couples to RHNs 

are hopeful 𝝀𝒏ത𝑳𝑳 ෩𝑯𝑵𝑹 + 𝝀𝒏
′ 𝑳𝑹

𝑪𝑯𝑵𝑹

𝜆𝑛, 𝜆𝑛
′ ~𝑂(1) leads to mass 

splitting in doublet thus sizable 

custodial symmetry breaking

captured in the gauge bosons’ vacuum polarization amplitude 

Σ𝑉𝑉′
𝜇𝜈

≡ ⟨𝐽𝑉
𝜇
𝐽𝑉′
𝜈 ⟩, fully described by the Peskin-Takeuchi oblique 

parameters S、𝑇 =
4𝜋

𝑀𝑍
2𝑠2𝑐2

(2Σ11 0 − Σ33 0 ) and 𝑈

M. E. Peskin and T. Takeuchi, 

PRL 1990, PRD, 1992

Shuyang Han, ZK and 

JiangZhu, JHEP 2024
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The correct neutral  current coupling to reflect the 

Majorana property 𝑁𝑎
𝐶 = 𝑁𝑎; such a system was 

interested in 1993 when favored negative 𝐒 & 𝑻

Shuyang Han, ZK and 

JiangZhu, JHEP 2024

L. Lavoura and L.-F. Li, PRD, 1993, E. 

Gates and J. Terning PRL 1993

Watchout: To correctly deal with 

the Majorana loops to get 

consistent (finite) result
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Unlike muon 𝑔 − 2, 𝑀𝑊 is 

an attractive EWPO to 

probe new physics

Shuyang Han, ZK and 

JiangZhu, JHEP 2024

insensitive to the strong 

interaction, thus with a quite 

small theoretical uncertainty



Mixed RHN-VLL: EWPOs

Yellow: the allowed-region of T by PDG-2021；orange: CDF-II

Shuyang Han, ZK and 

JiangZhu, JHEP 2024
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0𝜈𝛽𝛽: a signature of lepton number 

violating +2 in nuclear process

2𝜈𝛽𝛽 (1987, M.Moe) as a leading order transition in 

some special nuclear such as  Ge-76 with 1020𝑦𝑒𝑎𝑟! 

Axial former 

factor 𝑔𝐴 = 1.27

Majorana mass 

as source of 

Δ𝐿 = 2 𝑒− carries most 

energy~50MeV

𝛽 decay
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Why not turn on VLL-electron mixing? The 

cross between 𝟎𝝂𝜷𝜷 & lepton flavor physics

Large right-handed lepton 

mixing is constrained by 

university test 𝑍 → തℓ𝑖ℓ𝑖

VLL mixing with different 

generations of SM leptons 

leads to LFV like 𝜇 → 𝑒𝛾 (but 

it can be avoided if only 

mixes with the 1st generation )

Unlike the sterile RHNs in seesaw, here the 

heavy Majorana RHNs gain quasi-EW charge, 

and may fire the first shot in 0𝜈𝛽𝛽
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Prospect of quasi-EW 

heavy Majorana RHN in 

0𝜈𝛽𝛽  decay (preliminary)



1. Type-I seesaw mechanism 
is a very promising BSM, but 
its detection is a bit awkward  

2. Its meeting with another 
popular BSM, VLL, may 
change the situation

3. We find the sizable RHN-VLL 
mixing is testable in EWPOs such 
as 𝑴𝑾 (effect of mass split VLL)

Conclusions & Outlook & Thanks

4. The quasi-EW Majorana RHN, 
due to RHN-VLL plus VLL-electron 
mixing, is hopeful in 𝟎𝝂𝜷𝜷 decay 
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