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Abstract: Lepton number violation processes can be induced by the Majorana neutrino exchange, which provide
evidence for the Majorana nature of neutrinos. In addition to the natural explanation of the small neutrino masses,
Type-I seesaw mechanism predicts the existence of Majorana neutrinos. The aim of this work is to study the B meson
rare decays B — K®*u*u~ in the Standard Model and its extensions, and then to investigate the same-sign decay
process Bt — K™~u*u*. The corresponding dilepton invariant mass distributions are calculated. It is found that the
dilepton angular distributions could shed light on the properties of new interactions induced by Majorana neutrinos.
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1 Introduction

The discovery of neutrino oscillations [1-5], confirm-
ing the existence of the massive neutrinos, additionally
motivates the search for new physics beyond the SM.
Along with the neutrino mass puzzle, it is crucial to ex-
plore the nature of the neutrino. If neutrinos are Dirac
particles, lepton number is conserved. Otherwise, lepton
number violating (LNV) processes, which are forbidden
inthe SM, can be induced via Majorana neutrino ex-
change. Therefore, the LNV process is a promising sig-
nal for new physics beyond the SM. The aim of this pa-
per is to study the B meson rare decays Bt — K™*u*u~ in
the SM and its extensions, and then to investigate the
LNV process B* — K™~ utut.

Many experimental studies have been made in search
of Majorana neutrinos by AL =2 processes, such as the
most promising neutrinoless nuclear double beta decays
(0vBB) [6, 7], LNV 7 decays [8, 9], and AL =2 B,D,D,,K
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meson decays [10-12]. With the upper limits given by the
experiments, the bounds on the mass of neutrinos and the
mixing matrix elements between neutrino and charged
leptons have been investigated, which can serve to con-
strain the parameter space of new physics models. For the
purpose of proving the Majorana nature of neutrinos,
0vBB as well as v~ — "M M5 [13, 14], 7~ > n*u v,
[14, 15], and especially many same-sign charged dilepton
B,B.,B;,D,D,, K meson decays have been widely invest-
igated theoretically, including three-body LNV meson de-
cays  B*(BY) — a (K™, p~, DW=, DSyer e+ (00 = e p),
D*(D}) — o= (KW=, p) ¢ Kt - n= ¢t [13, 16-23],
and four-body LNV meson decays B® — n*(K®*, p*.D)
DYt ¢, B — 7r+(K(*)+,p+,DZ’S))D0y_,u_, D - 7t (K*)
rtu B = Jyntu T, B — Bnte'~, B — K~(D;)
a~utut [23-29]. Using the precision measurements of
meson decays, the properties of Majorana neutrinos have
been studied focusing on the masses and mixing matrix
elements.
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Among various new physics models, Type-I seesaw
mechanism is one of the most natural ways to generate
tiny neutrino masses. In this model, the right-handed
SU2)L x U(1)y singlet neutrinos N are introduced to ex-
tend the SM. Apart from Dirac mass Mp, the right-
handed neutrino singlets with Majorana mass matrix Mg
are allowed with the gauge invariance. As a result, the ef-
fective mass matrix for the light neutrinos can be ex-
pressed with the canonical seesaw formula M, ~
—MpMz'MT. In terms of the neutrino mass eigenstate, the
gauge interaction for the charged current is

T 3
— :i + *y-yHp
L \/QW“ (;,; U;, vmy"Prl
7 34n
+ Z Z v;m,N_;,;,y#PLf] +he., (1)
l=e m'=4

where P, =(1-v5)/2, vo(m=1,2,3) and N,,(m’ =4,---,
3 +n) are the mass eigenstates, and Uy, (V) is the mix-
ing matrix element between the lepton flavor and light
(heavy) neutrinos. Moreover, a number of proposals have
been made to search for heavier Majorana neutrinos in
e"e” (ete™), ey, pp (pp) collider experiments [30-34],
and also in top quark and W boson rare decays [24, 35, 36].
Majorana neutrino mass terms are well motivated by
the so-called “see-saw ” mechanism, in which the SM
neutrino masses are tiny with a large mass scale suppres-
sion. Examples include Left-Right symmetric models,
SO(10) supersymmetric models, grand unified models
and extra dimension models. With a large mass scale in
these models, the mass of the Majorana neutrino is gener-
ally heavy (up to TeV or larger). This kind of heavy neut-
rino could show rich phenomena at the hadron colliders
[18, 37-40]. From the viewpoint of cosmology and astro-
physics, a neutrino in the keV-GeV mass region could be
a good candidate for dark matter, as well as for baryogen-
esis [41, 42]. Thus, Majorana neutrinos could have a wide
mass range, from eV-TeV, which can be studied with
hadron collisions, astronomical observations, neutrino ex-
periments, nuclear decays, rare meson decays, etc. The B-
meson rare decays could be sensitive to Majorana neut-
rino if its mass is a few GeV and the decay channels are
kinematically allowed, especially in the B — Ksemi-

leptonic decays with resonances if mg < my < mp.
Semileptonic B meson decays B — K™ ¢*¢~induced
by flavor changing neutral current are promising pro-
cesses to test the SM and search for its extension. Preci-
sion measurements of the B meson decays have been per-
formed by the CDF, BaBar and LHCDb collaborations. Re-
cently, the differential branching ratios of B* —» K*u*u~
and B* —» K**u*u~ decays have been reported by the LH-
Cb collaboration with the integrated luminosity of 3 ',
and the integrated branching fractions were found to be
(4.29+0.07(stat) + 0.21(syst)) x 1077 and (9.24 + 0.93(stat)+
0.67(syst)) x 1077 [43], respectively. This is the most pre-

cise measurement so far. Along with the development of
the experiments, theoretical studies of B — K®¢*¢~ have
been reported both in the SM [44-50] and new physics
models [51-54]. The SM predictions for the branching ra-
tios are comparable with the LHCb data, but new physics
contributions can not be excluded. In this paper, we first
study the opposite-sign B meson dileptonic rare decays
B* — K™*u*uboth in the SM and Type-I seesaw model.
The contributions from Majorana neutrino are then in-
vestigated in the same-sign LNV process B* — K™~ u*ut.
The paper is organized as follows. In Section 2, the
theoretical framework is introduced with the formulas for
B meson rare decays B* — K®*¢*¢~ in the SM and medi-
ated by a Majorana neutrino, as well as the same-sign
LNV decays Bt — K®~¢*¢*. In Section 3, we give nu-
merical results for the branching ratios, the dilepton in-
variant mass distributions and angular distributions of
Bt — KW*u*u*. The excluded regions of Majorana neut-
rino mass and mixing matrix element are given by the fit
results. Furthermore, the dilepton invariant mass distribu-
tions and the dilepton angular distributions of LNV pro-
cesses are studied. Finally, we give a brief summary.

2 Theoretical framework

We first study the B meson rare decays B*(pg) — K®*
(pxe)*(p)E~(p2). Fig. 1(a) is the Feynman diagram for
Bt — K®W*¢t¢~ in the SM. These processes are induced
by the flavor changing neutral current b — 5¢*¢~, which
can be described through the effective Hamiltonian [5].
The decay amplitude of b — 5¢* ¢~ can be written as [45, 55]

Fig. 1. Feynman diagrams for the opposite-sign dilepton B
meson rare decays B* — K®*¢+¢~. The solid circle stands
for the effective vertex of the leading-order b — s¢*¢~trans-

ition and N denotes the Majorana neutrino.
Mo see)=S, v & [praus] o]
+Cro [EYﬂPLS] [ZV”)’Sf]

— 2C$ffmb [EiO'qu?PRS} [Z’y”f]} . @
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Here, Pr=(1-y5)/2, Pr=(1+75)/2, s=¢" = (p1+p2)’*.
We take m,/my = 0. Gpis the Fermi coupling constant, ais
the fine-structure constant, and V, ,is the CKM matrix
element. All Wilson coefficients C;, except Ceff have the
same analytic expressions as those used in the b— s
transition processes [56], while CS‘Jf can be found in [57]
for the next-to-leading order approximation. The values
of the Wilson coefficients used in this work are listed in
Table 1. Generally, exclusive decays B — K® ¢+~ are de-
scribed by matrix elements of the quark operators over
meson states, and the matrix elements are subsequently
parametrized in terms of B — K™ form factors [45]. For
the pseudoscalar Kk meson, B— K form factors are
defined as follows,

Table 1  The values of Wilson coefficients C;(u)in the SM with the
scale u=my at the leading logarithmic approximation, with my
=80.4 GeV, m=173.5 GeV, m;=4.8 GeV [22].

G G GG GG TG Gy

—0.246 1.106 0.011 —0.025 0.007 —0.031 —0.312 4.211 —4.501

(K(pr)I5y,b1B(pB)) = (pB + pr)ufE 7% ()
2 _ 2

fI K (KA -5 P). )
q
(K(px)|350,,q bIB(pp)) = il(pp + PK)ud”
s HK(qz)
—(mB K) y]m- 4)

Here, f57K(g%), f87%(¢%) and fF~%(4?) are vector, scal-
ar and tensor form factors of B — K transition, respect-
ively. For the vector meson k* with four-momenta pg-
and polarization vector ¢,, the semileptonic form factors

of the V— A current and the penguin form factors can be
defined as

K*(pg-)I5yu(1 = y5)bIB(pp)) =
—ie;(mp +mx)A (¢°)

Az (flz)

mp+mg-

 (a3?) - o)
2V(q2)

+ guvpa'e*vp%p(l? W, (5)
(K*(pr)I30vq” (1 +y5)bIB(pp)) =
isﬂvpae*vp’;p‘;‘ZT] ( 2)

+T2(q2){e#(m23 mK) (¢ PB)(PB+PK)}

+i(pp+pg-)u(€ - pp)

+ lCI/J(E pB)

2
% q
+T3 (qQ) (€"-pB) {qﬂ - W(PB + pK‘)#}’ (6)

with

(K*10,A"|B) = 2mi-(€" - p)Ao (),

mpg+m mp—mg-
) = T () )
Ap(0) =A3(0),  T1(0) =T2(0). (7
Using the above definition of the form factors, the

decay amplitudes for B* — K™*¢*{~ corresponding to
Fig. 1(a) can be obtained,

M (Bt — KW o) = fv* Vi li(p2)yu(Age

+ Bgoys)v(p1) + meit(p2) Dgoysv(pr)], 3

with
Ak =pB[C8ff 24 (7)

my,
+2Ceff B—K ([ 2 ,
7 mp+mg r (C] )
By = pgCrof2™¥ (6]2),
m2 m2
Dx =Cho Bq K ( 6?—>K (qz) _ f—ﬂ( (qz))
-CifK () ©)
for the pseudoscalar meson K, and
Ag- :[Aswpge*vp’;p; - iBAAZ +iC(€" - p)(pB
+ px-)u +iD(€" - pp)(pB— pr-)ul/2,
By =[Egupr€” Pyp%. — iFAA;, +iG(€" - pp)(ps

+px )y +iH(E - pp)(PB— PK-)ul/2,
Dk =0 (10)

for the vector meson K*. Here,

A= —Ceﬁ”v( ?)+

2 Gv()- e (e).

B =(mp +mx.) [C5TA| (4°)
+%(m3 —mg)CT, (612)] ,

1
€= [omn=me) ()

2 2

my ;zmk* T, (qz))}’

D =% | €5 ((mp +mi )AL (¢7)

+2m, CST [T3(q2) +

—~(mp - mi)Az (%) - 2m-Ao (¢%))
~2m,CT T3 (7))
2
E = mclov(‘lz),
F = (mp+mg-)C1oA, (612),

1
G= p— CioAz (612),

023101-3



Chinese Physics C  Vol. 43, No. 2 (2019) 023101

H =qL2C10 [(mB +mg-)A (42)

—(mp—mg-)Az (612) —2mg-Ag (612)] : (11)

The contributions from the light and heavy neutrinos
are shown by the Feynman diagrams in Fig. 1(b) and Fig.
1(c), respectively. For simplification, we assume that
only one heavy Majorana neutrino N exists in Type-I
seesaw model, with a mass mg. <my <mp. The decay
amplitudes for B* — K™*¢*¢~ corresponding to Fig. 1(b)
and Fig. 1(c) can be expressed as

My(B* — KM 07) = ~GEVE Vi f3.fxco
« i(p2) QX" p/yp/ (1 —ys)v(p1)

(12)
P}
M(B* — KW 07) = iGEVE Vi Vi fo fro
- K(*) 1 _
o u(p2)0" p/np/s( VS)V(pl)’ (13)

plzv — m12v +ilymy

where QX = p/x and QX = —img-g/*. f5 (fx, fx-) is the
decay constant of B (K, K*) meson. p, and py stand for
the four-momenta of the light v and heavy neutrino N, re-
spectively. Ty ~23,|Ven[*(my/m;)’ x> represents the
total decay width of a Majorana neutrino with V,y denot-
ing the mixing matrix element between ¢ and N [19]. The
decay rates can be written as

B(B* - KWt

_ TB f | MF@ |P_Z|

2mp(2n)° 4mp 4 +[s20
with the total decay amplitude M = M, + M| + M|, where
PP (By) and dQF (dQ;) denote the 3-momentum and sol-
id angle of charged lepton ¢* (£7) in the rest frame of the
B meson (£-K™ system), respectively.We find that the
contributions from Fig. 1(b) and from the interference
terms are about five orders smaller than from the SM, and
can be neglected.

The same-sign AL =2 LNV processes B*(pp)—
K™~ (pge)t*(p1)C*(p2) are more sensitive to new physics
models. These decay channels may occur via Majorana
neutrino exchange, and provide an especially clear signal
if the mediator Majorana neutrino is on-shell. The domin-
ant contribution is from the Feynman diagram in Fig. 2(a),
while the contribution from Fig. 2(b) is small enough to
be neglected, as concluded in [21, 22]. The correspond-
ing decay amplitudes of B* — K®)~¢*¢* are

dQPdQsdsike,  (14)

(b)

Fig. 2.
neutrino exchange.

Feynman diagrams for B* — K®~¢*{* via Majorana

M(B* — K970 0%) = —iGrV Vi Viy fafxmn

[ EP2 0% p/5(1 = y5)v(p1)
p%, - m12V + il ympy

. u(p2)p/sOK" (1 —ys)v(p1)
p;\? - mzzv +il ymy '

(15)

The branching ratios of the same-sign charged
dilepton decays can be readily obtained in the same way
as in Eq. (14), except that a factor 1/2 should be included
since there are two identical particles in the final state.

3 Numerical analysis

The B — K form factors are parameterized by the fol-
lowing formulae [58],

— r rn
525 (d?) = + , (16)
+(T) ( ) 1_q2/mf2‘n 1_q2/m%t(li)
BoK (2 &
=— 17
0 (q ) l—qz/mfh ( )

where mp.(1-) =5.413 GeV is the mass of the Bj(17). The
values of other parameters ry(;) and m? are given in Table
2. The parameters for B — K* form factors are obtained
from the calculation of AdS/QCD at low-to-intermediate
¢*, and from the lattice data at high ¢* [49]. The seven in-
dependent form factors can be expressed as

F(q*)= FO (18)

] —aqz/m§+bq4/m37

where F stands for Ag, Ay, As, T1, T», T3, V. The corres-
ponding values of F(0), a, b are listed in Table 3.

Table 2. The inputs of ry, r, and mét for B — K form factors [58].

f—ﬂ( f;?—ﬂ( 6B—>I(
7 0.8182 0.893 -
r —0.4862 —0.5073 0.332
mz, 41.61 33.13 61.64

Table 3. The inputs of F(0) (form factor at qZZO), a and b for k-
form factors 4, 41, A5, Ty, T»,T5 and V' [49].

4y 4, 4y T T, T3 4

F(0) 0.243 0.244 0244 0.258  0.239 0.157  0.297
a 1.618  0.586 1.910 1910  0.525 1.147 1.934
b 0.561 —-0.356 1.498 1.082

—0.459 —-0.114 1.089

In our numerical calculations, we only focus on
dimuon decay channels, having in mind the relatively
high muon reconstruction ability of the LHCb experi-
ment. The CKM matrix elements are obtained by the
Wolfenstein parametrization. The values of the Wolfen-
stein parameters ( A, A’, , 77) , and of the other paramet-

023101-4



Chinese Physics C  Vol. 43, No. 2 (2019) 023101

ers used, are listed in Table 4. We assume an optimistic
case with [V,n[? > |Vonl?, [Venl?, so that the interactions
are completely determined by the mixing matrix element
Vvl [18].

Table 4. Input parameters used in our numerical calculation [59].

Gr 1.16637x10"° GeV ™ a 1/137

B 1.638 ps me 1.27 GeV
I, 2.267x10 ? GeV e 1.777 GeV
fx 155.6 MeV mg 04937 GeV
fx 225 MeV [60] mg. 0.892 GeV
fs 187.1 MeV mpg 5.28 GeV
2 0.225+0.0006 A 081120015
P 0.124+0.024 7 0.356+0.015

The SM dilepton invariant mass distributions
dB(B* — K™*u*u~)/dg? are shown in Fig. 3(a). The dis-
tributions for dB(B* — K*u*u~)/d¢* and dB(B* —
K**utu~)/dg? are distinct because the form factors and
the amplitudes are different for scalar and vector mesons.
The integrated branching ratios are

Bsm(BY — Kt ) =(5.21+£0.51)x 1077,

Bsw(B* — K" p7) = (1.637053)x 107, (19)
where the dominant uncertainty comes from the CKM
matrix elements and the renormalization scale variation.
Experimentally, the most precise measurements of the
differential branching fractions of B* — K®*u*u~ have
been performed using a data set with 3 o' of integrated

luminosity collected by the LHCb detector [43]. The cor-
responding integrated branching fractions are

B(B* - K 'u*u") =
(4.29 +0.07(stat) + 0.21(syst)) x 1077,

x107
80 —
E (@)
70
60 |-
> s0F i s
?405 B—>K*/,t,u§
3 .. F i
= E
20
o B —Kutu
10E Hu
o b R TR B B P P PR PR PR T =
0 2 4 6 8 10 12 14 16 18 20 22
g’ (GeV?)
Fig. 3.
SM.

B(B+ N K*+ﬂ+,u_) —
(9.24 +0.93(stat) + 0.67(syst)) x 107". (20)

Our SM predictions for Bt — K®*u*u~ are therefore
roughly consistent with the most recent LHCb data, with-
in the range of experimental and theoretical errors, and
comparable to the other SM calculation results [44, 45,
48, 55]. The angular distributions of the opposite-sign
leptons are plotted in Fig. 3(b) in the B meson rest frame.
If enough events are collected, this kind of distribution is
a significant element for studying the interactions.

Given the Majorana neutrino contributions, the only
difference between the same-sign decay and the opposite-
sign decay is that a diagram with lepton exchange should
be taken into account if they are identical particles.
However, this discrepancy disappears after integrating
over the phase space. Therefore, the contributions from
Fig. 1(c) to Bt — K®*u*u~ are the same as the contribu-
tions from Fig. 2(a) to B — K®~u*u*. For this reason,
we discuss the numerical results of Fig. 1(c) together with
the LNV processes B* — K™~ u*u* below.

The branching ratios for LNV processes depend on
two new parameters, the mixing matrix element V,» and
Majorana neutrino mass my. The simplified branching ra-
tios B(B* — K™ pu*) = B(B* —» K™~ u")/|Vn? are
plotted as function of Majorana neutrino mass my in Fig. 4.
The peaks are around 2 GeV, depending on the kinemat-
ical distributions related to the masses of B and K®
mesons. Once the Majorana neutrino mass and the mix-
ing matrix element are fixed, the branching ratios of
B* — K™ u*ut can be obtained. With the precise meas-
urement of B meson decays, the LHCb and BaBar collab-
orations have reported the upper limits for the LNV rare
decays B* — KW-utut [61, 62],

B(B* > K ptut)<4.1x1078 at90%CL., (1)
BB - K i ut)<59x1077 at90% CL.,  (22)

which can be used to constrain the parameter space for

107

(b)

10

dB/dcosd),,

107

103 e by by by by by by b g by gy by
-1.0 -0.8 0.6 04 -02 0 02 04 0.6 0.8 1.0
cosf,,

(a) The invariant mass distributions and (b) the angular distributions of the opposite-sign dilepton for B(B* — K®*u*u)in the
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the mixing matrix element V,y and Majorana neutrino
mass my. Given that the LHCb collaboration has determ-
ined the branching ratio B(B~ - ntu " u™) < 4.0 % 10”7 at
95% C.L. [10], we plot the excluded parameter regions in
the |V,v|* versus my plane in Fig. 5. The region above the
dashed (solid) line is excluded by LHCb with LNV pro-
cess Bt —» K~ (n)utu* at 90% (95%) C.L. As shown in
the figure, the LNV rare decay channel B* — n u*u*
provides a more rigorous constraint than the LNV B — K
channel because the B* — n~u*u* process is much less
suppressed by the CKM factors than B* — K®-p*u*.
However, the bounds for the new physics parameters are
less strict with the presently available data for
B* — K*~u*u* process.

The best fit values of |Vp1v|2 and my, obtained in our
previous work [22] for B* — x~u*u™, agree with the LH-
Cb upper limit [10]. As a result, we list in Table 5 the
branching ratios for LNV processes Bt — K™yt u* with
the best fit values of |V,yI> and my. Three cases are
shown, corresponding to the form factors obtained with
heavy quark symmetry and lattice QCD method
(HQS+LQCD), perturbative QCD method (PQCD), and
light cone QCD sum rule method (LCSR) [22]. We
choose three typical values of my in each case to estim-
ate the branching ratios. The Table shows that the branch-

7
= 6F
[}
=)
EY
S
q2f
I

0

0 6
mN (GeV)

Fig. 4.  Simplified branching ratios B(B* — K"~ utu*) =
B(B* - K®~p* ) /|V,wPwith respect to Majorana neutrino
mass m y.

1
10!
2107
1073
) ,
10 1 2 3 4 5
mN (GeV)

Fig. 5. Contour plot obtained from the experimental upper
limits for LNV rare decays B* — K~ u*u* and BY — 7~ u*u*.

Table 5.
B* - K®~p*ut. The my and |V,y|*are the best fits corresponding
to heavy quark symmetry and lattice QCD method (HQS+LQCD),
perturbative QCD method (PQCD) and light cone QCD sum rule
method (LCSR), see [ 22].

Majorana neutrino contributions to the branching ratios of

my |V”N|2 B — K-utut Bt — K utut
1Gev 8.52x10°  1.78x10"° 1.50x10™"
HQS+LQCD 2Gev 1.03x10°  2.73x10 " 5.79x10 "
3Gev 1.63x10°  2.90x107" 6.27x10""
1Gev 7.10x10°"  1.48x107"° 1.25x10™"
PQCD  2Gev 8.58x10°  2.27x10 " 4.82x10™"
3Gev 136x10°  2.42x107"° 5.23%10 "
1Gev 133x10°%  2.77x10" 2.35x10 7
LCSR 2Gev 1.61x10°  426x107" 9.05%10 "'
3GeV 2.55x10°  4.54x107" 9.81x10 "

ing ratios of LNV processes B" — K®~u*u* induced by
Majorana neutrino exchange are in agreement with the
LHCb (BaBar) measurements. Furthermore, the values
are such that they are possibly accessible at the future B-
factory experiment with high integrated luminosity. The
branching ratios of opposite-sign B* — K™*u*yu~ pro-
cesses induced by a Majorana neutrino (contributions
from Fig. 1(c)) are the same as the same-sign processes
B* — K™~u*ut, which are a few orders smaller than the
SM contributions. The numerical results from the inter-
ference terms are several orders smaller than from Fig.
1(c), and we can safely neglect them. Once the LNV pro-
cesses are observed, the differential distributions should
be studied. In Fig. 6, the invariant mass distributions and
angular distributions of the same-sign dilepton process
B(B* — K~ utu*) with my=2 GeV are presented. The
same-sign process has a different distribution compared
to the opposite-sign process. These distributions could be
used to investigate the decay properties of hadrons, and
provide hints for new physics models.

4 Summary

LNV processes have been widely studied in the
search for new physics beyond the SM. The intermediate
Majorana neutrino exchange LNV processes provide
evidence for the Majorana nature of neutrinos. With the
precision measurements of the B meson decays, the
AL =2 semileptonic decay processes have been extens-
ively calculated for hints of new physics. We studied the
B* — K™W*utuprocess, both in the SM and Type-I
seesaw model. The decay branching ratios are roughly
consistent with the experimental measurements. We also
investigated the LNV decays B* — K™ ~u*ut. Parameter
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constraints on my and IVMle, obtained from the experi-
mental upper limits for B* — K®~u*u* processes, are
less strict than the constraints from the B — & process.
Thus, using the best fits for Majorana neutrino mass my
and mixing matrix elements IVl,Nl2 obtained in our previ-
ous work, we found the branching ratio of the same-sign
charged dilepton process Bt — K®~u*u* , which is lower

10°°

(b)

10

107
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dB/dcosd),,
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(a) The invariant mass distributions and (b) the angular distributions of the same-sign dilepton for 8(B* — K™~ p*u*) with

than the LHCb (BaBar) upper limits obtained in 2012
(2014). The Majorana neutrino contributions to the
branching ratios of B* — K®*u*u~ are found to be small
compared to the SM contributions. Once the LNV pro-
cesses are observed in future experiment with high lumin-
osity, the dilepton invariant mass distributions as well as
the dilepton angular distributions could shed light on the
properties of new physics interactions.
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