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We study the invisible Majorana fermions of y in bottomed baryon decays with flavor-changing neutral
currents based on the model-independent effective Lagrangian between the quarks and invisible particles.
From the bounds of the coupling constants extracted from the experiments, we examine the decay

branching ratios of A, — Ayy, Eg(_) - 2% )yy, Ay = nyy, g =X, Eg — X%y, and Eg — Ayy,
which can be as large as 6.3,9.2,5.7,5.8,2.7, and 1.0 x 107 for m, = 2 GeV, respectively. Some of these
decays are accessible to the future experimental searches, such as Belle II.
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I. INTRODUCTION

It is known that flavor-changing neutral current (FCNC)
processes of long-lived particles would provide a window
to observe new physics (NP) beyond the standard model
(SM). These particles, such as ground-state mesons of K,
B, D, and B, and baryons of A_, and E. ,, decay through
weak interactions, resulting in longer lifetimes and nar-
rower decay widths. These FCNC decays may benefit the
detections of NP. Hadronic FCNC decays include ¢ — u,
s - d, b —d, and b — s processes at quark level. In the
SM, dilepton FCNC modes have been widely studied
theoretically [1-5] and experimentally [6—10]. However,
the neutrino (v) and antineutrino () in the final states of the
decays cannot be directly detected but are treated as
missing energy (£) in experiments. So far, most experi-
ments can only obtain the upper limits on the decay
branching ratios associated with vv [11-21].

The experimental searches have given the strictest
constraints on kaon FCNC decays. Recently, the upper
bound on K, — 7°%w from the KOTO experiment at
J-PARC [11] has been given to be B(K; — 7°v)goro <
3.0 x 10~ at 90% confidence level (C.L.), which is slightly
greater than the SM prediction of B(K; — n%w)gy =
(3.4 +£0.6) x 1071 [22]. On the other hand, the decay
of K™ —» z'v has been measured, namely, B(Kt —

T wage = (11.0752(stat) 4 0.3(syst)) x 107! at
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68% C.L. from the NA62 experiment at CERN [12] and
B(K* = 7t w)pose = (17.37132) x 107" from the E949
experiment at BNL [13]. These results are consistent with
the SM prediction of B(K' — 7t iv)gy = (8.4 + 1.0) x
10~!" [22] within one standard deviation. It is clear that the
room for NP in K — zf has become quite small.
However, the searches for NP in the FCNC decay
processes of charmed and bottomed hadrons would still
be possible. For example, the charmed meson and hyperon
decays associated with £ have been analyzed in Ref. [23].
The invisible decays of bottomed mesons have attracted
more attention experimentally. For example, the upper
bounds of branching ratios of B — K, z, p modes have
been given by the CLEO [14], BABAR [15-18], Belle
[19-21], and Belle II [24] collaborations. Particularly, the
Belle IT [25] Collaboration has estimated that the sensitivity
for the measurement of the branching ratios of B%*) —
K®9H) oy processes can be increased by 25-30% in the
near future, when assuming that 5 ab~' of data will be
taken on the Y(5S) resonance. In additional, the future
e"e™ colliders, such as the FCC-ee [26-28] experiment,
have shown the ability of precise measurements of FCNC
processes. The current measurements of the experimental
bounds which are listed as the first column in Table I are
cited from Refs. [18,20,21]. The SM predictions cited from
[29,30] contains both short-distance and long-distance
contributions. In Table I, the difference between the first
and second columns indicate that there are some rooms for
new invisible particles of y (shown as the third column)
emitted in such processes. In Refs. [31-40], the effects of
the invisible particles with various spins in the FCNC and
neutral meson annihilation processes have been explored,
while most of these previous studies in the literature are
focused on mesons. There has been no related research on
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TABLE L

The branching ratios (B) (in units of 107°) of B decays involving missing energy.

Experimental bound [18,20,21]"

SM prediction [29,30]

Invisible particles bound

B(B* - K*E) < 16
B(B* - ntF) < 14
B(B* - K**E) < 40
B(B* — p*E) < 30

B(B* — K*vp) = 4.73 £ 0.56
B(B* - a*wy) = 8.12 £0.01
B(B* —» K**up) = 8.93 £ 1.07
B(B* - p*uv) = 0.48 £0.18

B(B* — K*yy) < 11.8
B(B* — n¥yy) < 5.89
B(B* — K**yy) < 32.1
B(B* = pryy) <29.7

*These experimental bounds are adopted by PDG-live, which are not certainly the latest or strictest constraints.

bottomed baryons up to now. In this paper, we generalize
the experimental upper bounds from B mesons to the
corresponding decay modes of bottomed baryons, namely,
A, and E;,. These modes are accessible for the Belle II
Collaboration [25], which will be able to obtain more
sensitive results in future projects. Clearly, in the near
future, the experiments on bottomed baryons would
provide an interesting window to probe with invisible
particles.

In this work, we consider the bottomed baryonic FCNC
decays of B, — B, yx, where B, ;) are (bottomed) baryons
and y represent light invisible particles, which are assumed to
be Majorana fermions. Phenomenologically, these new invis-
ible fermions of y can weakly interact with the SM fermions
via a mediator, which can be a scalar [41], pseudoscalar [42],
vector, or axial-vector [43] particle. In our study, we will
concentrate on a general model-independent approach to
introduce the effective Lagrangian, which contains all pos-
sible currents involving the invisible fermions with the
coupling constants extracted from the experiments.

The paper is organized as follows. In Sec. II, we obtain
the SM expectations of B, — B,ov. In Sec. III, we first
construct the effective Lagrangian, which describes the
coupling between the quarks and light invisible fermions.
We then present the numerical results of the upper limits for
the decay branching ratios of B, — B, yy. The hadronic
transition matrix elements are evaluated based on the QCD
light-cone sum rules (LCSRs) and modified bag model
(MBM). Finally, we give the conclusion in Sec. IV.

(a) Within the Standard Model

FIG. 1.

Bn Bb \ >
/ q3

II. SM EXPECTATIONS

The FCNC decay processes of bottomed baryons with
missing energy are described in Fig. 1, where B, and B,
represent the initial and final baryons, respectively; g = b
and g, = s(d) are initial and final quarks, respectively; and
ga(3) are the spectator quarks.

In the SM, there is no tree-level contribution to the
FCNC decays of B, — B, ov. The first-order contributions
to these processes come from the penguin and box
diagrams as shown in Fig. 1(a), which can be described
by the effective Lagrangian, given by [44]

4GF (04
Lo = S rsinon VigVisgX”
” ﬁZﬂsinzewf;w;“ bV sgX" (xg)

X (5.7"bp)Weryuver)s (1)

with

X, [xq—l—2+3(xq—2)1 q]’ o)

X(x,) =24
(x,) X =1 (=12

8
where G represents the Fermi coupling constant, a corre-
sponds to the fine structure constant, 6y, stands for the
Weinberg angle, V;; are the Cabibbo—Kobayashi-Maskawa
(CKM) matrix elements, and x, = mj /M3, with m, (My)
being the mass of the quark (W boson). Consequently, the
transition amplitude is given by

[yl
V)
=Y

0.
\

(b) Beyond the Standard Model

Feynman diagrams of bottomed baryon FCNC decays with missing energy.
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\/EGF(Z

B,iv|C;,|B,) =
< nyl/| w| b> 47rsin29W

VtiSle(xt)<Bn|§yﬂ(1 - ]/S)b|Bb> X avﬂ/y(l - ys)vuf' (3)

The baryonic transition matrix elements can be parametrized by the form factors (FFs) of f }/'A (i=1,2,3), fSand f",

defined by

(B,(P,. )| (@700)Bo (P 5)) = it (P s,) | 7l (@) + i &£ () + Lo 1Y (q2) g, (P.5).
M M
(B,(Py.s)|(@,0)|Bo(P.s)) = g, (P 5,)f (¢ g, (P.5).
(B (Pr5) (@57, ) By (Po5)) = g, (Prr5,) | ruf M@ + i L £3(?) + L £2(g2) | rum, (P 5).
M M

(B,(Py.sp)(@7°)[By(P.5)) = it (Py.sp)f" (q°)r up, (P. 5). (4)

where ¢ corresponds to the momentum transfer and M is
the mass of the initial baryon. We will evaluate these
elements in terms of the MBM, which works well for the
heavy baryonic decays [45-49]. In the MBM, the baryon
wave functions at rest are read as

lP(X(Il’xlh’xfh) :N/d3)? H ¢qi()?qi _)?)e_iEqitqi’ (5)
i=123

where g; are the quark components of the baryons, N is the
overall normalization constant, x, (E,,) are the spacetime
coordinates (energies) of ¢;, and ¢, (x) are the quark wave
functions inside a static bag, located at the center, given by

0g1Jo(Pg)Xq ) | ©)

ia)q—jl(pqr)? : 5)(11

3. = (

Here, j; represent the spherical Bessel functions, w ;. =
/T, £ M, with T, the kinematic energies, and y,, are the
two component spinors. By demanding that quark currents
shall not penetrate the boundary of bags, we have the
boundary condition

DPgR

an(PoR) = 0 R E R
q

(7)
where R is the bag radius, resulting in the magnitudes of
3-momenta being quantized, which can be analogous to the
well-known infinite square well.

Several remarks are in order to address some of the
issues in the bag model. One of the main theoretical
inconsistencies is that the chiral symmetry is broken by
the boundary even when the quarks are massless. It is due
to the fact that only the 3-momenta are flipped when the
quarks meet the boundary, whereas the spin directions are
unchanged. Thus, the boundary inevitably alters the hand-
edness of the quarks. The chiral symmetry plays an
important role in the light quark system. Nonetheless, as
we only consider the b — s transitions, of which the chiral

symmetry is already broken badly by the b quark mass, it
shall not cause severe problems. On the other hand, the bag
model originally describes a baryon state at rest. Therefore,
the form factors at the maxima recoil point (gz, = (M, —
M )?) would be more reliable. In particular, the axial form
factors of the n — p transition are found to be f{ = 1.31,
which is very close to 1.27 from the experiments.
By sandwiching the operators, we arrive at

/<A|§Fb(x)eiq"|Ab>d4x
_z / #FaTy(E) [[ Dy G (8)
qj=u,d
with
zZ= (277)454(17Ab —PA— Q)NA,,NAa

- I
Dy (X)) =V1-2° / Py, (x +§xA>

I —2iE, . U-X
xqﬁqj(x—ExA e T

- o (- 1.
Ly (Xa) = / X (x + EXA>}’OS—5FS—E¢1;
y <£ _ %ﬁ) (Mt My, <EEJPE ()

where I" are arbitrary Dirac matrices and S is the Lorentz
boost matrix of Dirac spinors. We have taken the initial
(final) state as A, (A) for a concrete example. To simplify
the algebra, the Breit frame is chosen, where A, and A have
the velocity —7 and 7, respectively. Notably, all the
parameters of the model are extracted from the mass
spectra, given as [50]

R =48 GeV~!, M, =0, M, =0.28 GeV,
M, = 5.093 GeV. (10)
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1.0

o
®

e
=3

In general, the bag radius of A, differs from the one of A.
Nevertheless, in calculating the transition matrix elements,
the different bag radii between the initial and final states
lead to several theoretical difficulties. In this work, we take
the bag radii of the initial and final baryons as the same and
allow them to vary 5%, which shall cover the reasonable
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FIG. 2. Form factors of A, — A as functions of g?.
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transitions at quark level, respectively. The FFs can be
extracted straightforwardly after the computations, which
are shown in Figs. 2-7 along with their ¢* dependencies,
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FIG. 4. Form factors of A, — n as functions of ¢.
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By integrating the three-body phase space, we obtain the (11)

decay branching ratio as
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where A(x,y,z) = x* 4+ y* + 22 = 2xy — 2xz — 2yz is the
Killen function; M, My, m;, and m, correspond to the
masses of the initial baryon, final baryon, neutrino, and
antineutrino, respectively; 6 is the phase space angle; I'y,
represents the total width of the initial baryon; and M
stands for the amplitude. As the three generations of
neutrinos are indistinguishable experimentally, the final
results need to be multiplied by 3. For the b — s transition,
the decay branching ratios associated with neutrino and
antineutrino pairs are as follows:

B(A, = Atv) = 5.527038 x 107,
BEY) - 2%C0m) = 780107 x 1076, (12)

Here, because of the SU(3) flavor symmetry, the branching
ratios of E) and Z; are considered approximately to be
equal. The uncertainties of B are about +5% to +10%.
Note that our results of (A, — Abv) in Eq. (12) are smaller
than the previous prediction in Ref. [51]. Similarly, for the

b — d transition, we have that

B(A, = nv) =2.767017 x 1077,
B(E; — X w) = 265702 x 1077,
B(E) - ) = 1.24713 x 1077,
B(E) - Abv) = 3.887037 x 1078, (13)

which are about 1 to 2 orders of magnitude smaller than the
modes in Eq. (12), due to the ratio of the CKM matrix
elements, |V,;/ V| ~ O(1). As aresult, the SM predictions
of bottomed baryonic FCNC processes with £ are
0O(1078) — O(107°). If the experimental detections of these
decays are larger than the values in Egs. (12) and (13), the
new invisible neutral particles from NP are expected.

ITII. PROCESSES WITH INVISIBLE PARTICLES

A. Effective Lagrangian

In Fig. 1(b), two spin-1/2 invisible Majorana particles of
yxx are assumed to be emitted in the process, in which the
four-fermion vertex may be generated at tree or loop
level by introducing new physical mediators in specific
models [41-43]. Under the low-energy scale, the model-
independent effective Lagrangian is given by

6
Legr = ngiQn (14)
P

where g;; are the phenomenological coupling constants,
which are taken at the new physical energy scale A. There
are six independent dimension-6 effective operators, which
have the forms

LS
=)
[y

A

FIG. 8. Feynman diagram of bottomed meson FCNC decays
with invisible particles.

01=(4;9)xx). Q2= (@ a)xx). Os=(G,9)x7r’x)
0= @ a)ury).  Os=(ama)xr'ry).
Q6= (@1, a) X7 r’x)- (15)

where the invisible particles of y have been assumed to be
the Majorana type. Since yy*y = 0 and yo**y = 0, there is
no contribution from the vector or tensor current.

The upper limits of the coupling constants in the
effective Lagrangian can be extracted from the differences
between the theoretical predictions and experimental data
of the B-meson FCNC decays, such as B~ — K~ (K*7) +
F and B~ — 7~ (p~) + £, of which Feynman diagram is
illustrated as Fig. 8. For the 0~ — 0~ meson decays of
M~ — My, only operators Q35 give the contributions.

And for the 07 — 17 meson decays of M~ — M yx only

operators Q5 456 give the contributions. The amplitudes of
the 0~ — 0~ decays can be simplified as Eq. (16), and the
amplitudes of the 0 — 17 decays can be simplified as
Eq. (I7),

(M| Lot M™) = 29, (M71(3rq) M), v,
+ 2,3 (M71(G,q) M), v,
+ 20,5 (M7 (G 7,9) M7 )i, 'y v,
(16)

(M5 x| Lege|M™) = 20,0 (M5 (@77 @) 1M ™) 1y,
+20ma(M5 (g7 @) M7 )it 0,
+ 20ms (M (@ 7,9) 1M ), P,
+ 20m6 (M |(qrrur’ @) 1M )i,y P v,

(17)

The hadronic
expressed as

transition matrix elements can be
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M?* — M>
M7\(@ M) = ——Lfo(q),
. - ‘ 2 M? - M%’ 2 2
M7 @70 M) = (P + Pl (6) + (P = Py =L [fle?) = £2(a).
M31(850,0) M) = 1P(P = Py), = PP = Py F1(6) (19)

and

(M5~ |(aprq)|M™) = —ile - (P = Py)]

M| (@7,° ) M) = i{e,,uw L MOA(G) - (P4 P))

mq+mqf

2M .
! Ao(qz)v

v " Ja 2
M A M, 2(4”)

2M;

- (P =Pyl (P = P 2 () - Aol }

<M7‘_|(Z]f7/4('Z)‘M_> = g/wpyeypp(P - Pf>(y

where m, are the quark masses; f;(j = 0,+,T); Ax(k =
0—3) and V are the FFs, which are evaluated from the
method of the LCSR [52-54]; and € is the polarization
vector of the final meson with the convention of %123 = 1.

In our calculation, we assume that only one operator
contributes to the process at a time. By integrating the
three-body phase space given in Eq. (11), the upper limits
of the coupling constants g,,; can be obtained from Table I,
given by

B(M — M;"*)E)exp - BM — M(f*)DU)SM

_ |gnzi|2fii
i FM ’

B

> B(M - ME,*);(;()Q (20)

104

—_
(=
(=
(=

100}

|gmil® (1071° GeV ™)
s

—

e
—

0.0 05 10 I3 7025
m, (GeV)

(@) (bsxx) vertex

2

M+, V(g), (19)

|
where i = 1—6, the subscript Q; indicates that this operator
contributes at this time, I';; are independent of the coupling
constants, and I'y, is the total width of the initial B meson.
Notably, the partial decay width should be divided by 2
since the Majorana fermion is identical to its antiparticle.
The upper limits of |g,,;|* on (bsyy) and (bdyy) vertices are
shown as functions of m, in Fig. 9 with m,, being the mass
of y. One can see that when m, — O the upper limits of
|gmi|* are O(107'7) to O(1071¢). Note that the limits of
|gmoael* are larger than these of |g,,35|* because the
experimental upper bounds on the meson decay processes
of 0 — 1~ are larger than those of 0~ — 0~ given in
Table I. When m,, is larger, the bounds are getting looser as
the phase space decreases.

10*

- |gml |2

—_
[
(=
S

100

—_
(=}
T

lgmil® (10716 GeV™)

—
T

00 05 TTo I 20 2
m, (GeV)

(b) (bdxx) vertex

FIG. 9. Upper limits of |g,,;|* as functions of m,,.
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B. Results with invisible particles

For the baryonic decays of B, — B, yy, all operators in Eq. (15) should be considered. The decay amplitude can be
expressed as

<Bn)()(|‘ceff|Bb> = 2gml <Bn|(éfLI)|Bb>ﬁ)(U)( + 2gm2<Bn|(ZIfySQ) ‘Bb>ﬁ)(v)(
+ 29m3<Bn|(éfLI>|Bb>ﬁ)(75U)( + 29m4<Bn|(éfySQ)|Bb>l_4)(ySU)(

+ 20,5 (Bl (@17,0) | Bo) 0,77 v, + 29,6 (Bl (@ 17,7° 0) By) i, 77 v, (21)
10— : : : 14
...... — O
12
- N — 2 10
% — 0s] %
© 04 o 8
% \ — O] % %t
2 [_'? S . Q6 2 L—]: 4t
0 . . 0 . .
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
my (GeV) nmy (GCV)
(@) Ay — Axx (b) =7 — =) xy
10E

[
T

Iy (1072 GeV?)
N

m,, (GeV) m, (GeV)
(©) Ap = nxx (d =, =Y xx
SEO — O LSl ~0,]
a4 N Qz_ T — O
% SO 2 10} — 05
NO 3 O4 O
o q O4
— - o .....
o O < — 05
L _ | = ]
- Q()- SN — Q6
0 . . n 0.0 . . n
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
m, (GeV) my (GeV)
(e) Ef — 2%xx (f) Ep — Axx

FIG. 10. T ; as functions of m,, where the shadows represent the errors estimated by varying the bag radius within £5%.
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Here, the baryonic transition matrix elements have been
given by Eq. (4), while the numerical values of the FFs have
been shown in Figs. 2-7. As above, we discuss the
contribution of each operator separately. By integrating
the three-body phase space in Eq. (11), ['; defined in
Eq. (20) are obtained with the numerical results in Fig. 10.
One can see that 1:11,22,33,44,66 decrease to zero as m,
increases due to the phase space reduction, while I'ss
increases first and then decreases to zero. The upper bound

3.0

2.5k

BR (1079)

OF —— ee ——-2\ SM 1
0.0 L . . .

0.0 0.5 1.0 1.5 2.0 2.5
my (GeV)

(a) Ay — Axx

BR (107)

0.0 , ) . .
0.0 0.5 1.0 15 2.0 25
my (GeV)
(¢) Ap = nxx

0.0 0.5 1.0 15 2.0 2.5

of m,, can be taken as (M — M)/2. When m,, = 0, we have
that T'y; = "33 and Ty, = Ty, since T'j;,, and T35 44 are
proportional to (P - P, — m2) and (P; - P, + m2), respec-
tively. The uncertainties of I';; are about +10%. It should be
noted that T";; are independent of the coupling constants.

By combining I';; with the bounds of the coupling
coefficients given in Fig. 9, we obtain the upper limits
of the decay branching ratios associated with the SM
predictions, as shown in Fig. 11. We see that in most

SM

0.0 05 1.0 15 2.0 2.5

BR (107)

0.0 0.5 1.0 15 2.0 25

0.0 0.5 1.0 1.5 2.0 2.5
m, (GeV)

(f) E) — Axx

FIG. 11. Upper limits of B(B, — B,yy) as functions of m,, where the shadows represent the errors estimated by varying the bag

radius within £5%.
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TABLE II.  Upper limits of B(B;, — B, xy) when m, — 0 GeV (in units of 107).

Operator Ay = Nyy Eg<_> — B0 )y Ay = nyy B, = X xx Eg — X0yy E(b) - Ayy
0, 0.38 0.52 0.19 0.20 0.092 0.029
[ 1.1 1.4 1.0 0.95 0.45 0.14
05 0.38 0.52 0.19 0.20 0.092 0.029
[on 1.1 1.4 1.0 0.95 0.45 0.14
0Os 0.28 0.27 0.19 0.13 0.060 0.019
0Os 2.0 2.7 1.8 1.9 0.91 0.27
SM A, = Abv E(b)(_) = =20 gy A, — nov g, - X E) - E) - Abw

0.55 0.78 0.028 0.027 0.012 0.0039
TABLE IIl.  Upper limits of B(B, — B,xy) when m, = 1 GeV (in units of 107°).

=00) _, =0(-) == - =0 0 =0
Operator Ay = Ny E, 8" Ay = nyy 74 By > X B, = Ny
0, 0.39 0.56 0.19 0.20 0.092 0.029
0, 1.4 1.8 1.3 1.2 0.58 0.19
03 0.39 0.54 0.19 0.20 0.093 0.029
[on 1.2 1.6 1.2 1.1 0.51 0.16
0Os 0.34 0.40 0.21 0.17 0.082 0.025
Os 2.3 32 2.1 2.3 1.1 0.32
TABLE 1V. Upper limits of B(B, — B,xy) when m, =2 GeV (in units of 107).
=00 _, =0(-) - - =0 0 =0

Operator Ny = Ny B, '~ B Ap = nyy R 74 By > X By = My
0, 0.22 0.33 0.096 0.091 0.042 0.017
[ 5.3 7.3 5.2 4.4 2.0 0.93
05 0.32 0.49 0.14 0.15 0.071 0.026
[on 3.6 54 3.6 33 1.6 0.61
0Os 0.38 0.57 0.19 0.20 0.091 0.032
Os 6.3 9.2 5.7 5.8 2.7 1.0

regions of m, the upper limits of the branching ratios are
0O(107%) to O(107?), which are about of the same orders or
an order of magnitude larger than the SM expectations of
1078 to 107°. In Figs. 11(c)-11(f), the solid pink lines
representing the SM are close to the X axis. In particular,
05 4.6 make the dominant contributions. This is because the
bounds on |g,,46|> are looser than these on [g,,; 35>
When m, — (M — M)/2, the upper limits for the branch-
ing ratios from Q,,¢ approach infinity because the mass
difference between the initial and final mesons is smaller
than that between the initial and final baryons. For a larger
value of m,, the baryon decays cannot be limited by the
meson decay channels.

In Tables II-1V, we list the central values of upper limits
of B(B, = B,yy) form, =0, 1, and 2 GeV, respectively.
In Table II, we also show the SM predictions of
B(B, — B,ov). We find that for the decays with b — s
transition the contributions from the new operators are

almost of the same orders as the SM ones. While for those
with b — d transition, the upper bounds of the decay
modes with the invisible particles are about 1 to 2 orders of
magnitude larger than B(B, — B,iv) due to the CKM
matrix element depressions. Clearly, it is more hopeful to
distinguish new neutral particles from the SM neutrinos
experimentally. When m,, is larger, the upper limits of the
contributions from Q,,¢ are getting looser. The upper
limits of the branching ratios of decay modes with invisible
particles are estimated to be O(1075) — O(107°). We
expect that in the near future experiments on the bottomed
baryon FCNC decays could give more relevant results for
comparisons.

IV. CONCLUSION

We have studied the light invisible Majorana fermions
in the FCNC processes of the long-lived bottomed
baryons. The model-independent effective Lagrangian
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which contains six operators has been introduced to
describe the couplings between the quarks and invisible
Majorana fermions. The bounds of the coupling constants
have been extracted from the differences between the
experimental upper limits and SM predictions of the
relevant B meson FCNC decays. Based on these bounds,
we have predicted the upper limits of B(B, — B,yy). In

particular, we have found that the decay branching ratios
=0(-) | =0(— _— -
of A, = Ayy, 51;( 5 By, Ay = nyy. Br = Sy,
2) > X%y, and E) > Ayy can be as large as
(2.0,2.7,1.8,1.9,0.91,0.27) x 1075,  (2.3,3.2,2.1,2.3,

1.1,0.32) x 1075, and (6.3,9.2,5.7,5.8,2.7,1.0) x 107>

with m, = 0, 1, and 2 GeV, respectively. We are looking
forward to the future experiments, such as those at Belle II,
to get more measurements on bottomed baryons to find
signs of new particles.
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