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Interplay between Seesaw &

Vector-like Lepton
. 4




The SEESAW": SEESAW+VECTOR-LIKE LEPTON

Why the SM neutrinos have a tiny
mass far below the weak scale?

Seesaw services
as an attractive
platform for BSM




The SEESAW": SEESAW+VECTOR-LIKE LEPTON

Seesaw meets the vector-

like leptons (VLL)

, a
possible TeV BSM object




The SEESAW™: SEESAW+VECTOR-LIKE LEPTON

A concrete but not elegant example:

flavorful gauged (B — L)4;

Z. Kang and Y. Shigekami,
JHEP, 2019
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Related to (B — L) 3,
the selected LFV

Occam’s

razor
principle

M% = 25v¢/V2 is related to flavor

oh e ‘ symmetry breaking, to account
pattern for flavon is /ﬁyn 0 WA for the full neutrino mixing
F(=stia)aPgre/t 0 Y5 0 M
0 0 %Yﬁ M5 — 0

vy yre v yre , At the same time, this mixing
It generates LFV voit AV A AU OB c|cment will be adjustable to

coupling flavon-e — u suppress the charged lepton
via (Up) g = YEv,/m; Alternatively, turn on this element flavor violating decay
leads to LFV flavon coupling to tu




The SEESAW": SEESAW+VECTOR-LIKE LEPTON

he new elements Iin various seesaw are
testable, except for N; which decouples with

EW as 6~,/m, /My

This talk: to explore

Implications on
Zhaofeng Kang, P. Ko and

Jinmian Li, PRD 2016 seesaw from the
VLL seesaw™
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Mixed RHN-VLL: EW precise test e e 2 o

VLL doublet couples to SM leptons 1., 1. ~0(1) leads to mass
are dangerous, but couples to RHNs pisplittingin‘doubletthusisizable

custodial symmetry breakin
are hopeful . . :

captured in the gauge bosons’ vacuum polarization amplitude

RN A T =00, = (JiJV,), fully described by the Peskin-Takeuchi oblique

PRL 1990, PRD, 1992 parameters S, T = (2211(0) — ¥33(0)) and U
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a=1,2,3
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T'= { > ( 2 Em(m?MaHRe(vmvga)zvA(ija)) = 5 8(mz,my)
m=my,

a,b=1,

Y (Modal 2 oml EV+A<Mme)+Re((gL>ab(gR):b>EvA(Mme))], 3.16)



Mixed RHN-VLL: EW precise test e e oo

Watchout: To correctly deal with

the Majorana loops to get
consistent (finite) result
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L. Lavoura and L.-F. Li, PRD, 1993, E.
Gates and J. Terning PRL 1993

negative S& T




Mixed RHN-VLL: EWPOs Shuyang Han, ZK and

JiangZhu, JHEP 2024

Unlike muon g — 2, My, IS

an attractive EWPO to
orobe new physics

Colliders experiments results SM Prediction

[ EP LEP | 80440 + 43(stat.) MeV [33]|/80373 £ 23 MeV [34]
LEP combination (3 80376 + 33 MeV 80385 £+ 15 MeV

Tavotron DO (Run 2) [37] 80375 + 23 MeV 80399 + 23 MeV [38]
CDF (Run 2) [22] 80433.5 + 9.4 MeV 80357 £ 6 MeV

LHCb 2022 [39] 80354 + 23(stat.) MeV {80379 + 12 MeV [40]

LIC ATLAS 2017 [41] 80370 4+ 19 MeV 80385 £ 15 MeV [42]

ATLAS 2023 [23] 80360 4+ 16 MeV 80377 £ 12 MeV [43]

ATLAS 2024 [24] 80366.5 £+ 15.9 MeV 80355 + 6 MeV [44]

&

PDG —2021: —-0.010819 <7 <0.116374, CDF —11:0.122222 <7 < 0.192 398.

C.T. Lu, L. Wu, Y. Wu and B. Zhu, PRD, 2022
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Mixed RHN-VLL: EWPOs Shuyang Han, ZK and

JiangZhu, JHEP 2024

T, My =10 GeV T, My =100 GeV T, My =1000 GeV
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The SEESAW™: new source for 0vBf decay

OvBS: a signature of lepton number
violating +2 in nuclear process

- 2vBp (1987, M.Moe) as a leading order transition in
- " Sl some special nuclear such as Ge-76 with 102%year!

d U
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5 > G cos f/
;\\\ F { FL’}#UFL)‘_’}--'_ -+ h.c.
Majorana mass M MR\ /(p?) (MeV)  G™ (y)
as source of * | o
N e~ carries most
energy~50MeV -
136Xe | 1.643 108.0 178.0 14.58 x 10715

6Ge | 3.886 204.0 159.0 2.363 x 1015
/W’—/
. Fﬂv 5 o2
- e Tﬂ,g — =G"(Q.2) |(rn->ee|2§f1| 17 Axial former
d u

In 2

factor g, = 1.27



The SEESAW™: new source for 0vBf decay
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The SEESAW™: new source for 0vBf decay

Why not turn on VLL-electron mixing? The
cross between 0vgp & lepton flavor physics

Unlike the sterile RHNs in seesaw, here the
heavy Majorana RHNs gain quasi-EW charge,

and may fire the first shot in 0vBp
d

VLL mixing with different
generations of SM leptons
leads to LFV like u — ey (but
> \\\ = o it can be avoided if only
> mixes with the 15t generation )

L}, 72
Nr o EZ; Nr Large right-handed lepton
70 = 70 mixing Is constraine_d by

) ' -— > university test Z - £;¢;

d u d u 12



The SEESAW™: new source for 0vBf decay

Y8/Y8,=20,M/m, =10-8,A,=1

Prospect of quasi-EW \
heavy Majorana RHN in N
OvB decay (preliminary )
g 2000 \}Sge)
('I'{tﬁ"g = G"g} Zﬂzm m, M (m;, g5 ') ks \\\\\\ |
( e |2 1500
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(T77,)("°Ge) > (17}5)P("°Ge) = 1.8 x 10* yr (90% C.L.),
My < (M /M) (m,m,./m,) ~ 25 x (0.01eV/m,,)GeV. o e e
v < (MG /M) (myme [y ) ( 1) (TY) (F°Xe) > (T75) P (***Xe) = 1.07 x 10*° yr (90% C.L.)



1. Type-l hani 2. Its meeting with another
ype-l seesaw mechanism Sopular BSM VLL. may

is a very promising BSM, but _ .
its detection is a bit awkward > change the situation
T

N
\ )

Conclusions & Outlook & Thanks

3. We find the sizable RHN-VLL 4. The quasi-EW Majorana RHN,

mixing is testable in EWPOs such | due to RHN-VLL plus VLL-electron
as My, (effect of mass split VLL) mixing, is hopeful in 0OvBB decay
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