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Abstract A large number of B. meson events have been
recorded at the LHCb detector, especially some two-body
hadronic decay modes. We analyzed the weak decays of the
B, meson into two hadron states under the flavor SU(3) sym-
metry. The relations among amplitudes of B, into D+ P(V),
B+ P(V), P(V)+ P(V), Ty + Tg and Ty + T1o were inves-
tigated systematically, where P ( V) denotes a light pseu-
doscalar (vector) meson and 73 19 denotes a light baryon.
The n — i’ mixing and @ — ¢ mixing effects are also consid-
ered for the phenomenological discussions. We obtained the
relations among decay widths of different B, decay channels.
These results are helpful to study the two-body decay prop-
erties of the B, meson and test the flavor SU(3) symmetry.

1 Introduction

The B, meson family is unique because it is composed of
two different heavy flavor quarks, the charm and bottom.
The lifetime of the B, meson is greatly longer than that of
heavy quarkonia since it has weak decays only. Of course, the
B, meson’s decays become vivid and complicated. The B,
decays have three kinds of decay modes: (i) the bottom quark
decays through b — ¢, u, which accounts for around 20%
to the total decay width; (ii) the charm quark decays through
¢ — 5, d, which accounts for around 70% to the total decay
width; (iii) the weak annihilation, which accounts for around
10% to the total decay width [1].

Due to the running of the Large Hadron Collider (LHC),
new experimental data on the decays of B, meson are col-
lected, and several new rare decay channels have been discov-
ered in recent years [2—4]. Therein, the B} — BYrn* decay
channel by the charm weak transition was first observed
by the LHCb Collaboration [2] and the measured prod-
uct of the ratio of cross sections and branching fraction
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is [o(B})/o(B)] x Br(BY — Bnt) = [237 &
0.31(szat) £ 0.11(syst) T 13 (p.)] x 1073, Except B —
BYm*, other decay channels with the charm weak transition
have not been observed currently. It is worth while to note
that a baryonic decay of the B, meson, Bf — J/yppn™,
is observed for the first time, with a significance of 7.30 [3].
These measurements will certainly help us to understand the
production and decay properties of the B, meson.

Very recently, the LHCb Collaboration have firstly mea-
sured the Bf — DK™ decay mode with a statistical sig-
nificance of 5.1¢ using proton—proton collision data corre-
sponding to an integrated luminosity of 3.0/b~! at 7 and
8 TeV. The ratio between the branching fraction and that
of BY — J/yw" decay mode is given to be B(B} —
DYK*)/B(BY — J/ymt) = 0.13 £ 0.04(stat) +
0.01(syst) & 0.01(Ry/yx) [4]. For BY — Dz chan-
nel, however, there is no clear event excess in the distribu-
tion of the invariant-mass m o, +. The LHCb Collaboration
only gave the upper limit as Rpo+ = (fe/fu)B(BF —
Dont) < 3.9 x 1077 [4].

Theoretically, the decays of the B, meson have been inves-
tigated in different approaches. People employed the theo-
retical frames such as perturbative QCD (PQCD) approach
[5-20], QCD sum rules (QCD SR) [21-23], Light-cone sum
rules (LCSR) [24], the relativistic quark model (RQM) [25—
28], the nonrelativistic constituent quark model (NCQM)
[29], the light-front quark model (LFQM) [30-33], the Bethe-
Salpeter equation method [34,35], the nonrelativistic QCD
(NRQCD) approach [36-45], Principle of maximum con-
formality (PMC) [46], and Internal and external emission
formulae [47]. From some of references, one can see that
different theoretical frames may provide rather different pre-
dictions for the decay width of the same decay channel [43].
The testing of these theoretical predictions has to refer to
future LHCD experiments.

On the other hand, in order to determine the dynamics-
independent nature among different decay channels, the fla-
vor SU(3) symmetry approach is a powerful tool to deal with
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the decays into light hadrons. Under the flavor SU(3) sym-
metry, the decay amplitudes are parameterized in terms of
SU(3)-irreducible and model-independent amplitudes. Even
though the size of the amplitudes can not be determined by
itself in the flavor SU(3) symmetry approach, the constraints
on certain decay modes are clear. Thus the flavor SU(3) sym-
metry approach has been wildly employed in many works on
the weak decays of heavy flavor mesons and baryons into
two or three hadrons [48—67]. The flavor SU(3) symmetry
approach plays an important role to bridge dynamic theory
and experimental data in the understanding of the decay prop-
erties of the heavy flavor mesons and baryons.

Up to now, the flavor SU(3) symmetry approach has
employed to analyze the B. meson decays into charmed
tetraquarks [58] and charmed or bottomed mesons [67]. In
this paper, we will systematically explore B, decay into
D+ P(V),B4+P(V), P(V)+ P(V), Ty + Tg and Tyo + Tho
under the flavor SU (3) symmetry respectively, where P (V)
denotes the light pseudoscalar(vector) meson while T3 1o
denotes a light baryon. In particular we derive relations for
decay widths and CP violations among different decay chan-
nels, which shall be tested by future precise experimental
measurements.

The work is divided into four parts. In Sect. 2, we will give
an overview of flavor SU (3) classification of the hadronic
states with different light quarks and their associated mem-
bers. In Sect. 3 we will study the SU(3) decay amplitudes
for the weak B, decays into two mesons or two baryons. We
will discuss the relations for decay widths and CP violations
in B, decays in Sect. 4. We summarize and conclude in the
end.

2 Particle multiplets

Using the standard flavor SU(3) group representation, the
B, meson is a singlet, while the heavy mesons transform
as 3 representation [68-70], and can be written as B; =
(Bu(ub), Ba(db), By(sb)) and D; = (Dy(uc), Da(dc), Dy
(sc)). The light pseudoscalar mesons P with spin-parity
JP =07 has an octet

70 7 + +
—-=+ = b4 K
2
pi— [,T—f g m g0 | (1
! - V2o VO N8
K 2%

Considering that the SU(3) singlet pseudoscalar state 1 can
be written as (Pm) =4 ", thus the physical elgenstates n

and n’ can be described by the mixing between 7, and ng!

! Here we only treated the 1 and 1’ as quark-antiquark configuration,
thus the gluonium contribution in the 7’ is not considered.
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In) = cosBng) —sinb|n),
') = sin@lng) + cos O ). ©))

Similarly, for the light vector meson with spin-parity

JP =17, we have the multiplet as
p_o w8 er K*t
' f NG R
Vil o -+ k0| 3)
*— *0 _nws
K K 2\@

Considering that the SU(3) singlet vector state ¢; can be
written as (Vd,l)lj = (Sj.d)l, thus the physical eigenstates w
and ¢ can be described by the mixing between ¢ and wg

|w) = cos By |wg) — sin Oy |¢1),
|¢) = sinBy |wg) + cos by |¢1), 4

+

The light baryons with spin-parity J* = 1" form a SU(3)

octet Tg, which can be described as

20, A0 + +
(ErE E
ij — - x4 A
(T3)" = % ﬁ—i- g n . ®)
ok =0 _21\_0
e —d \/6
+

P _3
The light baryons with spin-parity J© = 5
decuplet 779, the components of which are

forma SU(3)

AJr
(T = AT, (Tio)""2 = (Th)'?! = (T1)?' = ==,
1 10 10 \/5
(T10)*2 =A™, (Ti0)"*? = (T10)*"" = (T19)*!
AO
=5 (T10)** =,
113 131 311 _ 2_,+
(Tho) ° = (Tw) 7 =(Tw) = A
Y-
(T10)** = (T10)* = (T10)** = N
(T10)'% = (T10)"*? = (T10)*" = (T10)?" = (T10)*"?
0
= (T10)**' = ==,
NG
(Ti)'™ = (710" = (1™ = =,
V3
(T10)* = (T10)* = (T10)**2 = :‘/3 (6)

From them, one can see the decuplet T is symmetrical when
changing the order of the superscript i, j, k.
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Fig. 1 Typical Feynman b
diagrams for the weak B,

decays into two hadrons

3 SU(3) decay amplitudes for weak B, decays into two
hadrons

b d, s b
< _od,
c c 3 D
b b
§ ¢
C
A(Bc — DiP) = (Dj + P|Hefr|Bc)
= Vb Vi, A + Vo Ve AG ®)

In this section, we study the B, — D; + P(V), B, —
Bi+P(V),B. — P(V)+P(V),and B, — Tjo+T1odecays
in the flavor SU(3) symmetry, respectively. The typical Feyn-
man diagrams for the weak B, decays into two hadrons are
plotted in Fig. 1. Their decay amplitudes will be parame-
terized in terms of SU(3)-irreducible amplitudes. They are
helpful to get the decay widths relations.

3.1 SU(3) decay amplitudes for B, — D; + P(V)

First, we will study the bottom quark decays, i.e. B, —
D; + P (V) channels. As already mentioned before the B, is
a singlet in the flavor SU(3) group, while the D; transforms
as 3 representation, and the light pseudo-scalar meson P and
vector meson V belong to octets.

The B, — Dy+ P (V) decays are controlled by the bottom
to light quark transition, thus the weak Hamiltonian H,zs is

Gr -
Herr = E {Vubvu*q [C]Oluu

10
+C20§u] — ViV |:ZC,- 0,-“ +Hec., (7)

i=3

where the V;; is the CKM matrix element and the O; are
the four-fermion effective operators. According to the group
multiplication and decomposition, we have 3®3®3 =3 @
3@ 6d15. The tree operators is described as a vector H 1(3),
an asymmetrical tensor Hk[” ](6), and a symmetrical tensor

H k{i'/ } (15). From the above formulae, the penguin operators
belong to the 3 representation.

From the weak Hamiltonian, the B, decay amplitudes into
a charmed meson D; and a light pseudo-scalar meson P can
be expressed with the tree amplitude Agr and the penguin

amplitude Agc

where ¢ denotes the light down or strange quark. Ag(- and
AII;C can be described as the flavor SU(3) amplitudes. After
removing the CKM matrix elements, the weak Hamiltonian
can be rewritten as the sum of the flavor irreducible repre-
sentations.

For the strangeless decays, i.e. AS = 0(b — d), the fla-
vor irreducible representations have the nonzero components
[48,51,56]:

H*(3) =1, H/*6) = —H{'(6)
= HP(6) = —H(6) = 1,
2H[*(15) = 2H?'(15) = —3H;*(15) = —6H*(15)
= —6H;*(15) = 6. ©)

Similarly, one can get the nonzero components of the related
irreducible representations for the AS = 1(b — s) decays.
The explicit expressions can be obtained by Eq. (12) with the
exchange 2 < 3.

Thus it is easily to rewrite the penguin amplitude A gc and

the tree amplitude AEC as
AL =aH'3)D, P/,
AL =a3sH'3)D; P/
+agH"(6)D; P! + a1sH" (15)D; P}, (10)

where the o represents the hadronic parameter from the
strong and electro-weak interactions for the penguin topol-
ogy, while a; with i = 3,6, 15 represent the hadronic
parameters from the strong and electro-weak interactions
for the tree topology. Under the flavor SU(3) symmetry,
the B, decay amplitudes into a charmed meson and a light
meson can be obtained. We gave the results in Tables 1 and
2.In Table 1, &/ = & + VipVia3/(VipV/5) and o =
a+ Vi Vias/(Vip V). In Ref. [67], the B, decay ampli-
tudes into a charmed meson and a light meson are also studied
in the flavor SU(3) symmetry. Compared with their results,

@ Springer
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Table 1 Decay amplitudes of

B, — D; + P decays. Here and Channel AS =0

Amplitude

in the following tables, the «

B — D™ x°
and a; represent the hadronic ¢ B i
parameters Besides, B — Dz~
o =a+ VY, da3/(vlh t[) B — DY—KO
ar/l/d ~ -
o =a+ VapVias/ (Vi Vi) B = D
B - D77/

o5 (< Vi Ve + Van Vg (—a3 + ag + Sars))
Vip Vi + Vi V¥ (a3 — ag + 3ars)

Vip Ve + Vi Vi (a3 + ag — a1s)
fcose(V,deoH—VubV L (as +3a6+3a15)) 13 sin6 Vi, V5o

/3
Tz sin® (Vip Vige + Vi Vi (a3 + 3ag + 3a1s)) + 5 cos 8 Vip Vyjer

Channel AS =1

Amplitude

B — D™ K" Vip Vi@ + Vup Vi (a3 + a6 — a15)
B — DK~ Vip Ve + Vi Vi (a3 — ag + 3ais)
B — D7 V2V Vi (a6 + 2a15)
B — D;n \/gcose (=Vip Vi + Vip Vi (—a3 + 3ais)) — % sinf Vi Via/
B — Dy \/gsinQ (—V,bV,fa + Vi V) (—a3 + 3a15)) + % cosO Vi Via

Table 2 Decay amplitudes of — .

B. — D; + V decays. Here and Channel AS =0 Amplitude

in the following, the o¥ and aiV _ ~ 0 1

? B’ D —= (- \%
represent the hadronic ¢ i P V2 (=VeVige +VupViy(=ai +ag +Sas)
parameters Besides, B, — Dop_ V,dea + ViV d(ag —a6 —|—3a]5)
v _ % -

an o +Vuhv wd 43 /(Vth d) B — D;K*O VcthdOZ T VLV *d(ag/ +aé/ _ aIVS)

V' = OlV"rVubV;,% J(Vip Vi) B - D w %COSQV (thVdOl + Vubvjd((h —|—3a6 +3a15)) Sln9v V,bV
B — D¢ f sin Oy (thVdOl + ViV d(a3 + 3ag + 3a15)) [ cos Oy V[bV

Channel AS =1

Amplitude

B — DK™
B — DYKk*~
B — Dy p°
B — D;w

B > D¢

V,meot A (a3 +a6 “1V5)

Vi ViV + Vip Vi (ad — al +3als)

V2V Vi (ag +2al5)

JEeosby (~Vip VY + Vi Vi (—al + 3aly)) - fsmﬁthbV oV

\/gsinev (—VthV,’gav + Vi Vi (— a3 + 3a15)) ﬁ cos@vV,bV“oz

we considered the n — 1’ mixing effects and expanding the
amplitude relations into the decay channels involving the
vector mesons.

3.2 SU(3) decay amplitudes for B. — B; + P(V)

The second largest decay mode is from the charm decay.
According to the estimation of the decay widths, there are
three kinds of decay strength: Cabibbo-allowed by ¢ — sdu,
singly Cabibbo-suppressed by ¢ — udd/5s, and doubly
Cabibbo-suppressed by ¢ — dsu.

We write the nonzero components of the Hamiltonian for
the Cabibbo-allowed decay channels

H3'(6) = —H6) =1, H;'(15) = Hy°(15) = 1. (11)

Combing the ¢ — udd and ¢ — uss decays, we write
the nonzero components of the Hamiltonian for the singly

@ Springer

Cabibbo suppressed channels as follows

H3?(6) = —H3'(6) = H3'(6) = —H3>(6) = sinfc,
H3'(15) = HP?(15) = —H)*(15) = —H3'(15) = sin 6,
(12)

where the relation V.4 V¥, ~ —V,; V% =~ sin fc is employed.
The nonzero components of the Hamiltonian for the dou-

bly Cabibbo suppressed ¢ — dsu decays are

H}'(6) = —H}%(6) = sin’ Oc,
H}'(15) = Hi?(15) = sin® 6, (13)
where the relation Vi V¥ =~ [V, VH[> =~ sin6 is
employed.

The decay amplitudes A(B — B; + P) = (B; +
P{Hcrr|Be) can be written as AIT%(BC — B; + P), where
the representation H' (3) will vanish in the flavor SU(3) sym-



Eur. Phys. J. C (2018) 78:740

Page 5 0f 10 740

Table 3 Decay amplitudes of B, — B; + P decays

Cabibbo allowed channel Amplitude

B, — L_?EJT_
B — B7K°

Ves'V, d( ag + ais)
Ves ud(aﬁ +ais)

Cabibbo suppressed channel Amplitude

B — BK~ Ves Vi (—ag + ais)
By — By /3 cos 0V Vi (a + ars)
\/7s1n6V”V* (ag + ais)

VeaVyy(ag — ais)

B — By
B — Bz~

B — B~ =" fvcdv ¥ (ag + ais)

Doubly Cabibbo suppressed channel Amplitude

B — B°K~
B — B™K°

Vea Vi (—as + ais)
Vea Vi (as + ais)

Table 4 Decay amplitudes of B, — B; + V decays

Cabibbo allowed channel Amplitude

_ 50— \4
B — Bjp Ves Vi (= a6 +ajs)
B — B~K* Ves Vi (ad +als)

Cabibbo suppressed channel Amplitude

BT — ByK*~ Ves Vi (—al + ays)
[cosBVVCgV (a +a15)

B — B¢ [sm@vVCYVm(aﬁ +aly

B — B~

B, — B w

VedV, d(“s “15)

B, — Bf,oo [Vcdv (a6 +f115)

Doubly Cabibbo suppressed channel Amplitude

BT — BYK*~ chM( a6 +a15)
B — B~K* aVi(al +als)

metry [64]. The effective Hamiltonian can be written as
AL g op =acH N 6)B; P! +aisHT A5)B; PF. (14)

The B, decay amplitudes into a bottom meson and a light
meson can be obtained, which are listed in Tables 3 and 4.

3.3 SU(3) decay amplitudes for B, — P(V) + P(V)

In this subsection and the following subsection, we will study
the weak annihilation accounting for around 10% of the B,
total decay width. Let us begin with the decays into two light
mesons, i.e. B — P(V)+ P(V) decay channels. As already
mentioned before the light pseudo-scalar mesons P and light
vector mesons V belong to flavor octets.

The B, — P(V) + P(V) decays are induced by the bot-
tom transition into charm quark. The effective weak Hamil-
tonian is written as

G _ -
Hepf = 7;{Vcbvjq [Ciof" + czogu] + Hc} (15)

Since the light quarks in this transition form an octet, we have
the nonzero component for the bottom transition into cud

HP(8) = Vap Vg (16)

For the bottom transition into b — cus, the non-zero com-
ponent becomes

H; (8) = Ve Vi (17)

The decay amplitudes A(B, — P+ P) =
can be expressed as

(P+P[HeprlBe)

A(B. — P+ P) = agH] 8) P¥ P (18)

The results of the decay amplitudes of B, — P (V) + P(V)
can be found in Table 5.

3.4 SU(3) decay a_mplitudes for B, — Tg + Ts and
B — Tio + Tio

In this subsection, we will study the two-body baryonic
decays of the B, meson. The light baryons with spin-parity
JP = %Jr form a SU(3) octet T3, while the light baryons with

spin-parity J¥ = 3% form a SU(3) decuplet T1g.

) The decay amplitudes A(B, — T3 + Ts) = (Tg +
T3|'Herf| Be) can be expressed as
A(B, — Ty + Ty) = ayH/ 8)T* 8)T;1(8). (19)

The corresponding amplitudes results are listed in Table 6.
The decay amplitudes A(B. — Tio + Ti0) = (Ti0 +
T10/Heyrr| Be) can be expressed as

A(B; — Tio + Tio) = ayH @) T 10)Tj1(10).  (20)

The corresponding amplitudes results are listed in Table 7.

4 Decay widths relations for weak B, decays into two
hadrons

Doing a square of the decay amplitudes and integrating the
phase space, their decay widths can be obtained. Under flavor
SU(3) symmetry, there is no difference in the phase space.
Thus the relation between decay widths shall be obtained
accordingly. Let us define a ratio between two different chan-
nels as

R=T;/T;. 21

@ Springer
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Table 5 Decay amplitudes of

B. — P(V) + P(V) decays Channel AS =0 Amplitude Channel AS =0 Amplitude
B — KK~ Vep Vs B — K*K*~ Ven Viagag
B - w7 \/gVC;,Vu*d cosfag B — p w \/gVChVu*d Coseva;{
B - nn \/gVCqu*d sin fag B — p ¢ \/chb Vi sin Qvag/
Channel AS =1 Amplitude Channel AS =1 Amplitude

Table 6 Decay amplitudes of
B, — Tg + Tg decays

Table 7 Decay amplitudes of
B. — Tio + T1o decays

B — K™n —\/IVC;,VM cos Oag B - K" o —\/EVC;,VM*S cos@vag
B- > K~y —\fv » V.5 sinfag B — K* ¢ —\@V » Vi sinfyay
B — 7K~ TVC;,V as B- — pK*~ 55 VebViisag

B — 1~ K" Ve V,isas B — p K™

Channel AS =0 Amplitude Channel AS =0 Amplitude
B — A%~ \ﬁ Vep V¥l B — A%~ \/I Vep Vi ah
BZ — 0%~ — M Ve Ve BS — 0% [vch v aj
B — np~ VCbV d“s

Channel AS =1 Amplitude Channel AS =1 Amplitude

B — A2~ fvc,, Via B - £-&0 Vep Vi al

B — £0&- \/;vchvutaé B- — pA° fVLhV*

Channel AS =0 Amplitude Channel AS =0 Amplitude
B — AOA- 2V Vi d BZ — AA° Ve Via
B — ATAT— \/7\7(de5¢8 B — g-go V(bV g
B- — x5~ LV, Vi B- — x5 LV Vi
Channel AS =1 Amplitude Channel AS =1 Amplitude
B — T-A0 LV, Viag B- — ¥OA- L2V, Vi ag
By —» = tA—— vabv* BS — 8°% 2V Viag
By > Q&0 \/;vc,,v;aé B > &-% L2V, Vi ag

The results for the weak two-body decays of B, into hadrons
are given in Tables 8,9 and 10. These ratios could be tested
by the future LHCb experiments.

At last, let us study the CP asymmetry effects in the B,
meson decays, which may bring about the effect at O(1073).
From the above amplitudes in tables, the CP conjugated
amplitudes can be obtained accordingly. For example, the
CP conjugated amplitudes of the B. meson decays into a
charmed meson and a light meson are of the form of

Vi Vug A + Vi VigAg
Vo Vi, A + Vin Vi Ap

ABf — Di +P)
A(B: — Di+P)

(22)

@ Springer

The direct CP asymmetry can then be defined as

(B} — fifa) =T(BZ — fif2)
F(Bf - fif2) + (B — fif2)
AP - AP
AR+ AR

Adtr —

(23)

From this equation, the direct CP asymmetry can be obtained
when inputting the corresponding decay amplitudes. We do
not list these repeated results. The decay channels of the
B, meson into a bottom meson and a light meson, two
light mesons, or two baryons have no direct CP asymme-
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Table 8 The decay width ratios
B.— B;+ P B.— Bi+V

for B. — B; + P(V) ¢ i+ o i+
r;/T(B- — B~K") R r;/T(B- — B~K*") R
I8, —B"7" Vea | r;—8p" [Veal?
r(B; —B~K9) 2| Ves|? ['(B- —B~K*0) 2 Ves |2
(B —B™ 1) 3|V, % sin 6 (B — B~ ¢) 3|V | sin” 6
[(B; >B~K0) 2Vl T(B: —B~K") 20V,
T'(BZ =B ) 3|V cos? 6 I' (B, — B~ ) 3|VE | cos? 6
I'(B; —B~K9) 21V 2 ['(B; —B~K*0) 21V, 12
r'(B; —B K [Vea Vi 12 (B, —B~ K*) [Vea Vi 1
(B — B~ K9) Ves Vi 2 I'(BZ —>B~K*0) Ves Vi 2
r;/T(B- — BYK™) R r;/T(B- — B'K*) R
(B —B%%) v 12 r(B;—B%") Vil
(B —BYK~) [V 2 I'(B; —BOK*™) [V 2
T(B;—B,K") [Ves [ T(B;—B,K*") [Ves [
I'(B; —>BYK~) [Veal? ['(B- —>BOK*) [Veal?

Table 9 The decay width ratios
B.— P+ P B.—>V+YV

for B, — P(V)+ P(V) > P c +
r;/T(B- — K°K™) R [;/T(B — K*K*™) R
LB —>m"n) 2cos? 6 (B —»>p o) 2 cos? Oy
(B —~KOK~) 3 [(B; —K*0K*~) 3
LB —>n"n) 25in% 6 LB —>p~¢) 2sin? gy
(B - KK ) 3 (B —K*K*~) 3
r;/T(B- — n~ K% R I;/T(B — p~K*) R
(B —n’K") 1 (B —p"K*7) 1
I'(B: —»n—K9) 2 ['(B: —p~K*0) 2
LB =K 1) sin 9 [(B—>K*"¢) sin? Oy
(B »n—K0) 6 I'(B; —p~ K*0) 6
(B —K™n) cos2 6 (B, —K*" w) cos? Oy
I'(Bi -7~ K9) 6 ['(B; —p~K*0) 6
(B —>K°K™) V12 I'(BZ—B~K*) Ve 12
(B -7~ K%) Vi I? T(BZ—p~ K*0) V51

try, because only tree topology diagrams contribute. From
the interference of tree diagrams and penguin diagrams, these
decay channels of the B, meson decays into a charmed meson
and a light meson have the direct CP asymmetry.
Employing the unitarity of the CKM matrix with (V VT); i
= (VTV)Z'J' = 5,']', we get
Im [V ViaVipVig] = —Im [V Vis Vs Vi ] - (24)
The relations for the direct CP asymmetry of the B, meson
decays into a charmed meson and a light meson are

Adir(B- — D7) (B » D°K")

Adir (B — DOK ™) T TB = D7) @)
Adir (B — Dy K" I'(BT — D KY)

Adiv (B — D=KO) T T(B: > D RY (26)
A‘é‘f,(Bc_ — _Do,o_) _ _F(Bc_ — D_OK*_) o7
Adir (B — DOK*) I'(Bf — D%™)’

Adiv(BZ — Dy K*0) _ s~ D~ K*0) %)

Adr(B; — D-K*0)  T'(B — Dy K*0)’

These relations actually are very general and similar to the
relations in B meson decays [71,72], which shall be tested
by future LHCb experiments.

5 conclusions

In this paper, we investigated the decay width relations for the
B, weak decays into two hadrons under the flavor SU(3) sym-
metry. The corresponding decay amplitudes are described by
the summation of the flavor SU(3) irreducible amplitudes.
The decay channels of the B, meson into a charmed meson
and a light meson, a bottom meson and a light meson, two
light mesons, or two baryons were studied systematically.
The direct CP asymmetry effects only exist in the decay
channels of the B, meson into a charmed meson and a light
meson. And we obtained some direct CP asymmetry rela-
tions in the flavor SU(3) symmetry. Hadron-hadron colliders
provide a solid platform and the precision tests for the various
decay modes of the double heavy B, meson. The theoreti-
cal predictions for the decay width ratios R and the direct
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Table 10 The decay width

ratios for B, — Tg + Tg and Be > Ty + Ty Be > Tio+To
Be = Tho +Tho Ii/T(BS = np~) R ri/T(Br —» &-89) R
(B >AS™) 1 r'(B;—A"A") 4
[(BZ —np~) 6 (B -2 -20)
(B —A"S") 1 (B —A~AY% 3
(B —np~) 6 r(B-—z-g0)
rB;—»x%") 1 (B —>ATA™—) 3
T(BZ —np~) 2 (B -2 -20)
r(B-—>5%%7) 1 rB-—x"0%"-) )
(B —np~) 2 (B -2 -20)
3 B r;—->x -5 )
(B —&~20)
r;/T(B; — £ g% R I;/T(BS — £~ A% R
r(B;—>A%E") 1 rB;-—>xA") )
(B > £~ &0) 6 I'(B; —> =/~ A0)
(B —>5%8") 1 (B —>%PA——) 3
(B - ¥~ &%) 2 (B ==/~ A0)
(B —p~A%) 2 r;—-g8"-) 4
['(B; > 80) 3 [(B: —%'~A0)
;- 89
_ - LB o =) 3
r(B-—¥ A
_ _ r;—>g -5 5
I'(B —x/~A0)
I'(B; —>np) V512 I'(B; —B~K*0) V512
r(B: >3~ &) Vi 2 [(B: -3/~ A) Vi 2
CP asymmetries for the considered B, weak decays into two 5. Ds Du, Z. Wang, Phys. Rev. D 39, 1342 (1989). https://doi.org/10.

hadrons, as listed in the Tables of this paper, could be tested
in the future LHCb experiments.
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