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CP violation in the charged meson
decays induced by sterile neutrinos
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Motivation

The leptonic content in the theory includes three generations of left-handed SM
SU(2) L doublets and n right-handed SM singlets:

Va
LaL—<l > ,  INpR,
*/J L

The leptonically universal gauge interaction involving neutrinos has the form

e (Gmy

The Yukawa term is

3 3 n
— Ly = (:ji: féij;;}ch{+-§£::£: jﬁ%—LaL f{Dﬁﬂ{) + h.c.

a,b=1 a=1 b=1
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Atre et al, JHEPOS5, 030 (2009)

2025/9/21 55 VY i = BE M PR EAR 5 S G Bl A R R 2@ K%



Motivation

After spontaneous symmetry breaking, the Yukawa term leads to the Dirac masses
for the leptons

—[,7%: Z laLmble+ZZ Ual My, Npr | + h.c.
a=1 b=1

Consider the heavy Majorana mass term

T o~ —
_ ‘Cm p— 5 e NbCL Bbb’ Nb’R —|— h.C.

The full neutrino mass terms have the form

1 N 03><3 mg V%
— L7 = — (v N¢ X + h.c.
2 ( L) ( n><3 Ban> (NR

Atre et al, JHEPOS5, 030 (2009)
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Motivation

After the unitary transition between gauge interaction eigenstates and mass

eigenstates v\ _qp [ e The mass matrix can be diagonalized
NT, NT
Inserting this into the charged current interaction term and considering the unitary

transformation of the charged leptons, we get the charged current interactions
expressed by the mass eigenstates

T 3 T 34n
g « — IN* e
Loc = —EWJ< E E Véfn Um P Prl + E E Uglm]\[, an,’y“PL€> + h.c.

l=e m=1 l=e m/'=4

Atre et al, JHEPOS5, 030 (2009)
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Motivation
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Meson decay: K, D, B, Bc 3-body or 4-body

Baryon decay: Lambda b/c 4-body or 5-body
: 3-body

Top decay ......
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Motivation Ty = [Uen 2 fe(my) + Uy 2Fu(my) + Uy [2f e (my)
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I'yis calculated by considering all
possible decays of the heavy neutrino,
suchas N, — ¢~P+ Ny — (05w,

Atre et al, JHEPO5, 030 (2009)
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Yuan et al, J. Phys. G45, 065002 (2017)

Decay channel Braching ratio Decay channel Braching ratio

K" —etetn <64x107" DT s efetnm <1.1x107°
Kt = ututn <86x 107" Dt = uytuts= <22x 1078
Kt =setutn <5.0x10710 Dt s efuta~ <20x107°

Particle Data Group
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Motivation

If the heavy neutrino is a Majorana type, both the lepton number violation
processes and lepton flavor violation processes can happen, such as

Kt —ate pu* ¢ (p " (p:

KT — 7T_€+,LLJr K*(P)% > T (ps)
N

If the heavy neutrino is a Dirac type, only the lepton flavor violation processes
can happen

A question is: if the LFV process is detected, how possible it is induced by a
Majorana neutrino? [Abada et al, JHEPQ9, 017 (2019)] If there is only one
generation, the LFV and LNV is expected to be of the same order. If there are more
than one generation, the CP phase may cause an enhancement of the LNV mode
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Motivation

et (p et (py

K+(P)% x 7 (p3)
N

UoyUoqmy

iM = 2G2 e f ViV,
Ffo d [S23 — m% + iF4m4

U,sU,sms ] _ o ' ‘ ‘ v

: u(p1)PrsPro(ps) 10 0.01 1 100 10
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Narrow width approximation

2
myI", Am?y,

<1
(Am3,)? + m3 T3

(02 —m2 ) +miT2 ~ 75 (py —my) Acp ~2myTy
N N N- N

Dib et al, JHEPOZ2, 108 (2015)
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Motivation

[1The partial decay width of the LNV process of the charged
meson needs a more careful calculation when there are two
quasi-degenerate sterile neutrinos

[1The CP asymmetry may depend on several parameters; a more
general result is needed
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Calculation of partial width

Uy =U, |e_i¢l4
2 2 2 .
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Calculation of partial width

: _ 2 2
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2025/9/21 5 0 R S Be TR ER 6 5 LR Bl & R R S ek % 12



Calculation of partial width
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Calculation of partial width
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Calculation of partial width
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Calculation of partial width
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Calculation of partial width
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CP Violation
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CP Violation

Case 1: k=k Kk, =k, =1
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CP Violation

Case 2. k,=k,

1 ; k,, k,and k_are free parameters
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CP Violation
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Summary

The LNV processes of charged mesons can be induced by two quasi-degenerate
heavy sterile Majorana neutrinos

[0 The partial decay width are expressed as a function of the mass difference,

the phase difference et al
[0 The phase difference can greatly affect the results of partial width and the
upper bound of the mixing parameters

(1 The analytical expression of CP violation is given, and the maximum of the

CPV is calculated
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