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Abstract We study the semileptonic B — BB/LL’ decays
with BB’ (LL') representing a baryon (lepton) pair. Using
the new determination of the B — BB/ transition form fac-
tors, we obtain B(B™ — ppu~v,) = (5.4 +2.0) x 1076
agreeing with the current data. Besides, B(B~™ — Apvv) =
(3.5£1.0) x 1078 is calculated to be 20 times smaller than
the previous prediction. In particular, we predict B(B? —
pAe Ve, pAp TV, pAT D) = (2.1£0.6,2.1£0.6, 1.7+
1.0) x 1076 and B(B? — AAvv) = (0.8 +0.2) x 1078,
which can be accessible to the LHCb experiment.

1 introduction

In the non-leptonic baryonic B decays, the observation of
B — pp(m, K¥, DWWy and B~ — Ap(J /v, y) suggests
the unique existence of the B — BB’ transition [1-3], with
which the C P asymmetries of B~ — pp(r~, K®7) [4,
5] and the branching fractions of B~ — ApD®°, B0 —
29A DO [6] have been predicted, and verified by the later
measurements [7].

The semileptonic B decays of B~ — ppf v, and
B~ — Apvev, with £ denoting e, u or T can provide
another evidence for the B — BB’ transition [8,9]. Like
the studies of the semileptonic B~ — w7 £~y decays
[10,11], the full dibaryon invariant mass spectrum can be
used to test the possible co-existence of the resonant and
non-resonant contributions. Therefore, we have predicted
B(B~ — ppe v,) = (1.04 +0.26 +0.12) x 10~ [8] and
B(B~ — Apvd) = (7.941.9) x 1077 [9]. We have also pre-
dicted R,/ = B(B™ — ppe ™ v.)/B(B™ — ppu~v,) =~
1 [8]. By contrast, the pole model argument leads to the eval-
uation of B(B — BB/¢v;) = 107> — 1070 [12].

Experimentally, it has been measured that [13-16]

Bex(B~ — ppe b)) = (5.8 +£3.7+£3.6)
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x107* (< 1.2 x 1073) [Cleo]
Bex (B~ — ppe~ i) = (8.2137 £0.6)
x107° [Belle]
Bex (B~ — ppu ) = (3.1731 +0.7)
x107° [Belle]
Bex (B~ — ppui,) = (527792 £0.21 £ 0.15)
x107® [LHCb]
Bex (B~ — Apvv) = (0.4 + 1.1 +0.6)
x107> (< 3.0 x 107°) [Babar]. (1)

The threshold effect commonly observed in B — BB/M is
also observed in B~ — ppu~ v, [15], which is drawn as
a peak around the threshold area of mgg, ~ mp + my, in
the BB’ invariant mass spectrum. There is no sign that the B
to BB’ transition receives a resonant contribution. Nonethe-
less, it is clearly seen that B,y (B~ — ppu~1,) is 20 times
smaller than the prediction [8]. This has been pointed out as
the theoretical challenge to alleviate the discrepancy [17].
On the other hand, the ratio R./,, =~ 1 as a test of the
lepton universality is not conclusive, and the prediction of
B(B~ — Apvv) is within the experimental upper bound.

InRef. [6], the B — BB transition form factors (Fyp) are
extracted with the data from B — BB'M , which cause the
overestimation of B(B — p p£v). With the same theoretical
inputs, 5(B~ — A pvv) might be overestimated as well [9].
A question is hence raised: whether there exist the universal
B — BB/ transition form factors to explain the nonleptonic
and semileptonic baryonic B decays.

In this paper, we propose to perform a new global fit, in
order to accommodate the current data of B — BB/LL’
with LL’ denoting a lepton pair and B — BB’'M. With Few
determined from the new global fit, we will re-investigate
B~ — Apvv. Since LHCb has been able to accumulate
more events for the BY decays, we will study B? — pAe~v
and BY — A Av? decays for future measurements.
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Fig. 1 Feynman diagrams for the B — BB'LL decays, where (a) depicts B~ — ppl~ v, and B? — pl_\Z*ﬁg, while (b, ¢) B~ — Apvgvy and

B? — A/_\v[\_iz

2 Formalism

The semileptonic baryonic B decays come from the quark-
level b — ufvy and b — svgvg processes. In Fig. la, b —
ulv, appear as the tree-level b — uW, W — {v, decays.
Due to the loop contributions from the penguin-level b —
sZ,Z — vyvp and box diagrams in Fig. 1b,c, respectively
[18], b — svpv, can be rarer than b — ulv,. The effective
Hamiltonians for the above semileptonic b decays are given
by [18,19]

_ GrVup _ =
H(b — uliy) = iy, (1 — p5)b £y™(1 — ys)vy
/2 Y V: 14 V:
H(b —> Sl)g\_}g)
Gr Cem _ -
= ———N;D(x;)s 1— bV H 1 — Vv
73 2rsinn (x)5yu (1 —y5)bvey™ (1 — ys)ve

2

where G is the Fermi constant, V,, and A, = V5V, are
the Cabibbo—Kobayashi—-Maskawa (CKM) matrix elements,
and D (x;) with x, = m?/m3, is the top-quark loop function
[18-21]. According to H(b — ulvg, svevy), the amplitudes
of B — BB/'LL’ with LL' = (£¥y, v;y) can be derived as
[8,9]

M(B — BB/L™ )
= G:‘_;”b (BB'|ity, (1 — y5)b|B) £y*(1 — ys)ve,

M(B — BB'viy)
_ ﬁ Aem
V2 27sin®0w

x vgyH (1 — ys)ve, (3)

2D (x;)(BB'|5y,(1 — y5)b| B)

@ Springer

with (BB/| (gb)|B) representing the matrix elements of the B
meson to BB’ transition. In Fig. la—c, B — BB/LL’ occur
as B~ — pplvy, Apveve and l_?? — pz_\ﬁﬁg, AAvy for
our study.

The amplitudes of the non-leptonic B — BB’M decays
have two forms [1,22,23]: M¢ (B]§’|((jq’)|0) x(M|(gb)
|B) and Mr o (M|(3q")|0)(BB'|(gb)|B), where Mc
denotes the current amplitude with BB’ produced from the
quark current [22-26], and M the transition amplitude with
BB’ from the B meson transition [1-3]. Clearly, M1 (B —
BB'M) and B — BB/LL’ can be related by (BB'|(7b)|B)
[8,9]. As seen in Fig. 2, B — ppM with M = (m, K),
B — ppV with V = (p, K*), and B® — ppD°™ involve
the transition amplitudes, given by [1,27-29]

GFr
V2
M, = af? (M1q'yu (1 — ys)ul0)(pplgy" (1 — ys5)b| B)

Mg = ag”’ (M1’ (1 + ys)ul0)(pplg(1 — y5)b| B)

_ G ’ _
M(B — ppV) = —=a (V|g'y, (1 — y5)ul0)

V2

x(pplgy" (1 — ys5)b|B)
- _ Gr _
M(B® — ppD'™®) = 7 Vo Viaa (D™ |Gy,

M(B — ppM) = —=(M; + Me)

x (1 — ys)ul0)(ppldy* (1 — ys)b| B®) )

with (¢, q") = (u,d) for B~ — ppr~ and B~ — ppp_,
(q.q") = (u,s) for B~ — ppK~ and B~ — ppK*~, and
(q,9") = (d,s) for B - ppK®and B® — ppK*°. The
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Fig. 2 Feynman diagrams for the three-body baryonic B decays, where (a, b) and (c) depict B — ppM (V) and B® — pp D™, respectively

parameters in Eq. (4) result from the factorization approach
[30], written as

uq’ * *
at = Vuhqu/al — Vtthq,a4

(X?S = —thV;_‘;(M
a’gq, = agq/ = th V;;/Q,aﬁ (5)
witha; = cff s —i—cfﬁ N, for i =odd (even), where ¢/ are

1
the effective Wilson coefficients, and N, the color number

[30].
The matrix elements of the B — BB/ transition in Egs. (3)
and (4) can be presented as [1,3,6,17,27-29]

(BB'|V)|B) = ii[g1yu+82i0uvp"+83Pu
+g4(pg+pB)t+85(pg—rB)ulysv
(BB'|AL|B) = iiil fiyu+ friou p"+ f30u
+f4(pg+pB)p+ f5s(pg—pB) ]V
(BB'|S?|B) = iulg) p+g(Eg+Ep)+g3(Eg—Ep)lysv
(BB'|P?|B) = iul fip+ fo(Eg+E)+ f3(Eg—Ep)lv
(6)

with V2(A%) = Gy, (vs)b, SP(P?) = b, and p, = (pp —
PB— P Fap = (&, f,~,_g,~, fiywithi =1,2,...,5and
j =1,2,3 are the B — BB’ transition form factors.

Fyy are momentum dependent. In terms of perturbative
QCD (pQCD) counting rules [1,3,6,28,31-33], one param-

eterizes that

fi 8i
D: D;.
a fi - g
fj = t3j 8j = t3j @)

with t = (pg + pg,)z. For Fyp o 1/t", n = 3 corre-
sponds to the three gluon propagators, which are drawn in
Figs. la—c and 2a—c. Since Vl[j and AZ can be combined as
the right-handed chiral current R, = ( V;i’ + AZ) /2, and the
baryon decomposed of the right and left-handed states, that
is, [Br+r) = |IBgr) + |BL), it leads to [6,17]

GL:|U
L—ys &
TGL}”

(Br+1B reL|Ru|B)
I+ ys
2

1+ ys
2

L—ys

G
R+2

= imbﬁyu[

+iity, 4;,,[ Gk + ®)

where |B,) ~ bysq|0) has been used. As the chiral charge,
(0] R, —o annihilates the b quark, and creates a valence

quark in B, while the spectator quark in the B meson is trans-
formed as a valence quark (g;) in B’. We hence obtain G%OL

asthe B — BB/ transition form factors in the chiral represen-
tation. When the chirality states of a spinor (R, L) are taken
as the helicity states (1, ), one can see g; with the helicity
to be (anti-)parallel [||(])] to the helicity of B/, such that the
chiral charge acting on g; can be more explicitly defined as
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QH(ﬂ) (i) i =1,2,3). We thus derive that
GR(L) X e )GH + eR(L)GH
Gy e PGl + "R(L)Gk )

where eﬁ(L R(L)

and eH

sum over the weight factors of

BR(L)];’R(L), and e e ) and eﬁ( ) those of BL(R)B/R(L) By
defining G| 7, = ﬁ?n/ £k =
two sorts of the form factors as [1,3,28]

., 5), we relate the

5 1 5 1
Dy = 3D = 307D = 3D+ 3 DDy
4 k
= §D =Dy,
1 2 1 2
Dgy = 3Dy = 3 D7D s = 3Dy + 3 DD,
—1 k
=3 Di="Dx

3 3 4

Dy = Djp = — §DI|ng =-Dp =~ 2D||
3 3 4
Dy =D =/ 5D1Dg = =Dy =/ 5D

k
Dgy =Dy = D) Dy = —Dp = —Dj (10)

for (ppl(ab)|B~), (ppl(db)|B°), (Ap|(5b)|B~),
(pA|@b)|BY), and (AA|(5b)|BY), respectively. Likewise,
we perform a derivation for g; ( f, ) through the (pseudo-
)scalar current, which leads to [28,29]

5. 1- 5 1
Dy = 3Dy — 3D D, = 3DH + 3% Dg, 5
4 n2.3
=307 ="Dp;
1- 2. 1. 2.
Dg = 3D — 3Dy Djy = 3Dy + 3D Do
—1 .23
=3 D" ="Dp, (1)

for (p p|(ith)|B~) and (p p|(db)| B®), respectively. Note that
R(L) ~1 (]) is based on the approximation with the large
energy transfer, which is conveniently presented as t — oo.
It is also derived that the correction term is of order m,/~/t
[31-33]. In fact, 4/ of a few GeV has been large enough to
suppress the correction term [33]. Consequently, the relations
with the chirality (helicity) symmetry are shown to be able
to describe the scattering processes [33]. For the baryonic B
decays, /t > 2 GeV is also sufficient for the holding of the
relations in Egs. (10) and (11).

The four-body B(pg) — B(pe)B'(pg)L(pL)L (pi/)
decay involves five kinematic variables in the phase space,
thatis, s = (pr + pj)? = mLL,, ¢, and (6B, 6L, 20 [34-36].
As deplcted in Fig. 3, the angle g, is between pg (pr) in
the BB’ (LL ) rest frame and the line of flight of the BB’

@ Springer

Fig. 3 The angular variables 0, ;. and ¢ depicted for the four-body
B — BB’LL’ decays

(LL’) system in the B meson rest frame. The angle ¢ is from
the BB’ plane to the LL’ plane defined by the momenta of
the BB’ pair and L L’ pair in the B meson rest frame, respec-
tively. The partial decay width then reads [8,9]

|M|?

= —— Xapayr, ds dt dcos 0 dcos 6y, do (12)
3
4(4n)6mB

where X = [(m%—s—1)%/4—st]'/%,ap = 112 (1, m§, m%/)/t,
and og, = A2 (s, m% mzi,)/s, with A(a, b, ¢) = a® + b* +
¢? — 2ab — 2bc — 2ca. For integration, the allowed ranges
of the five variables are (m + mi/)z <s < (mp — 12,
(mg +mg)? <t < (mp—my —mp)?0<6gp <m,
and 0 < ¢ < 2m. The partial decay width of B(pp) —
B(pB)ﬁ’ (pg)M (ppm) involves two variables in the phase
space, given by [3,28]

,61/2 1/2

dr = (B f)3|M| dt dcos (13)
where g = [1 — (mp + mg)>/1l[1 — (mp — mg)*/1],
Bi = [(mp + my)* — t]l(mp — my)® — 1], and @ is the
angle between the meson and baryon moving directions in
the BB’ rest frame. The allowed regions of the variables are
—1 < cosf < 1and (mp +ml;,)2 <t < (mp —mp)?. For
the global fit in the next section, we define the C P asymmetry
[4,37], and angular asymmetries of B — BB M [3,26,28]
and B — BB/LL’ [8,9], written as

o — I'(B— BB'M)—T'(B — BB'M)
"= T(B > BBM)+I'(B— BBM)
['(cos; > 0) — I'(cosb; < 0
Arpo = (cosb; > 0) (cosb; < 0) (14)

I'(cosH; > 0) + I'(cosh; < 0)

where B — BB’M represents the anti-particle decay.

3 Numerical results and discussions

In the numerical analysis, the CKM matrix elements in the
Wolfenstein parameterization read [7]

Vab = AN} (p — in), Vg = 1= 22/2, Vig = A,
Vep = AN2, Vip =1, Vg = AX3, Vg = —AN? (15)
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b—s(b—75)

238.0 4 12.7i (257.4 + 46.1i)
—497.0 — 38.0i (—555.2 — 138.3i)
145.5 4+ 12.7i (164.7 + 46.1i)

Table 1 The effective Wilson off - -
coefficients cff ! C; b—d(b—d)
fiieczayls, 2,...,6) for b and b Ciff 168 (1.168)
7 —0.365 (—0.365)
10%/
10% ciff
104 C;ff
10% cgff

—633.8 — 38.0i (—692.0 — 138.3i)

1.168 (1.168)

—0.365 (—0.365)

243.3 + 31.2i (240.9 + 32.3i)
—512.8 — 93.7i (—505.7 — 96.8i)
150.7 + 31.2i (148.4 + 32.3i)
—649.6 — 93.7i (—642.6 — 96.8i)

with (A, A, p, n) = (0.225,0.826,0.163 4+ 0.010, 0.357 +
0.010).
From Refs. [18-21], we adopt D(x) as

D(x) = Do(x) + j‘—le(xx
T

Do(x) X 2+x+3x—6l()
xX)=—| — n(x
0 8 x  (1—=x)? ’
23x +5x2 —4x3  x — 11x2 4+ x3 x4
D = - l
1(x) 30— 1) TEE n(x)
8x + 4x? + x3 —x4l 2(x)
2(1 —x)3
4x — x3 dDy(x)
—mLz(l —X)+8X ln(uz/m%v),

(16)

where Lr(1 — x) = flx In(t)/(1 — t)dt and u = my. For
B — ppM(V) and B® — ppD°™ we present ¢ e

Table 1, where b and b decays are both considered, together
with the decay constants (fr, fx, fo, fxk*) = (130.2 £
1.2,155.7+0.3,210.6 0.4, 204.7 £ 6.1) MeV [7,38] and
(fp, fpx) = (208.946.5,252.24+22.7) MeV [28,39]. In the
generalized edition of the factorization [30,37], N, is taken as
the effective color number with N, ef) = (2, 3, 00), in order
that the non-factorizable QCD corrections can be estimated.

Using the minimum yx 2-fit of

O = OL N (WVabln = Vablex \
X2 — Z ( thai ex) + <| ublth | ub|ex) (17)
ex

O“ Vb ‘fx

we test if the observables of non-leptonic and semilep-
tonic baryonic B decays can both be interpreted, where Of n
stand for the theoretical calculations of B, Acp and App,
while OF the experimental inputs in Table 2, together with
ix the experimental errors. Since the V,; in Eq. (3) is
for the exclusive baryonic B decays, which can be dif-
ferent from that in the inclusive ones [40—-42], we choose
[Vublex = (3.4340.32) x 1073 determined from the B and
baryonic Ap decays [7] as our experimental input in Eq. (17).
With 16 experimental 1nputs from Table 2 and | V,;p|ex, We

fit (Dy, l%, Dy 3.45) and (DH, I D2 3) in Egs. (10) and
(11), respectively, and |V |:,, which amount to 11 parame-

Table 2 Experimental data for the B~ — ppl~ v, and B — ppM,
decays, where the notation { for App denotes the contribution from
mpp < 2.85 GeV, and B(B~ — ppu~v,) has combined the Belle

and LHCb data in Eq. (1)

Decay modes

Data

10°B(B~ — ppe~7,)
10°B(B~ — ppu=1,)
10B(B~ — ppr™)
10°8(B~ — ppK™)
10°8(B° — ppKO)

102 Acp (B~ — ppr™)
102Acp (B~ — ppK™)
10°App(B~ — ppr™)
102Apg(B~ — ppK™)
10°B(B~ — ppp~)
10°B(B~ — ppK*™)
10°B(B° — ppK*®)
102Acp(B™ — ppK*")
10*°B(BY — ppDY)
10*°B(B° — ppD*0)

8.2+ 3.8[14]
5.240.4[14,15]
1.62 4 0.20 [7]
5.940.5[7]

2.66 +0.32 [7]
0441[7]
04417

(—40.9 £ 3.4)T [43]
(49.5 + 1.4)7 [43]
4.6+1.3[7]

3.4 4 0.8 [45]
1.2+0.3 [45]

21 £ 16 (7]

1.04 £ 0.07 [7]
0.99 +0.11 [7]

ters, such that the number of degrees of freedom denoted by
d.n.fiscounted asd.n.f = 16 — 11 = 5. As a result, we
obtain x?/n.d.f = 1.86 as a measure of the global fit, and
extract that

(D||,D ) = (11.2+43.5,332.3 £ 17.2) GeV’

(Df, D}, D, D)) = (47.7 £ 10.1,442.2 £ 103.4, —38.7
+9.6,80.7 £ 27.2) GeV*

(Dy, Dy, Dy}, Djp
=(—59.94+12.9,23.84+6.8,90.9 + 11.1, 131.7
+330.7) GeV* (18)

with fof = 2 and oo for B - ppM(V) and B —
ppD® | respectively. Using the parameters in Eq. (18),
we calculate the branching fractions and angular asymme-
tries of B~ — pplv, Apvv and B — pALD, AAvD, of
which the results are compared with the experimental data

@ Springer
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Table 3 Our calculations for the semileptonic B — BB/LL’ decays.
For B(B — BB'lvy), the values in the parentheses correspond to
¢ = (e, u, T), where the first and second errors come from |V,;| and

the form factors in Eq. (18), respectively. For B(B — BBvi) =
Y¢B(B — BB'vgiy) and App(B — BB’/LL’), the errors take into
account the uncertainties of the form factors in Eq. (18)

Decay modes This work

Data

10°B(B~ — ppl~iy)
10° Arp gy (B~ — ppt= i)
10> App.a, (B~ — ppl~iy)
10°B(BY — pAL™ )
102 Arp.5 (BY — pAL=iy)
10> AFp 6, (B — pAL™1p)

B(B~ — Apvb) (3.5+1.0) x 1078

10> Arp oy (B~ — Apvi) 22.8+11.2
10> AFp .6, (B~ — Apvi) —40.9+8.3
B(BY — AAvD) (0.84+0.2) x 1078
102 AFp g5 (BY — AAVD) 2444+11.8
102 Arp g, (BY — AAvD) —40.1+8.0

(53+£1.14+1.7,54+£1.1+£1.7,7.6£1.5+£3.9)
(1.4 +12.6, 1.4+ 12.6, 1.4 £ 12.6) -
(—41.74£21.4, —41.2 £20.4, 2.1 £5.0) -
(21404+05,2.1+£04+0.5,1.7+£0.34£0.9) -
(25.74+11.4,25.04+11.3, 3.5+ 2.7) -
(—44.1 £ 10.8, —43.7 £ 10.3, 0.4 £ 5.5) -

(8.2£3.8[14],5.2£0.4[14,15],-)

(0.4+1.3) x 1075 (< 3 x 1079) [16]

in Table 3. We also draw the p p invariant mass spectrum for
B~ — ppu~v, in Fig. 4.

4 Discussions and conclusions

Since x?/n.d.f = 1.86 presents a reasonable fit, it indi-
cates that the most recent data in Table 2 can be explained.
It is interesting to note that B(B~ — ppm~,ppp~)
[3,4] were once overestimated [7,43,44], and the relation of
App(B™ — ppn~) ~ App(B~ — ppK~™) [3] was not
verified by the measurements [43,44]. This is due to Fgg
determined by the B — ppK data [3], while B — ppK
are in fact the penguin dominated decays with Ms
(pp|(S — P)?| B) to give the main contribution. To avoid the
inconsistency unable to be solved at that time, one performed
the extraction of Ref. [6] that excluded B(B~ — ppK™),
B(B° — ppK®),and Apg(B~ — ppK~),inorder that the
more associated tree dominated decays of B — pp(m, p),
BO — pﬁDo(*), and B — BBLL’ can be studied. However,
it resulted in an unsatisfactory global fit not to accommodate
the all data.

As Fyp determined in this work can be universal for
the non-leptonic and semileptonic decay channels, we cal-
culate B(B~ — ppe v,) = (5.3 & 2.0) x 107% and
BB~ — ppu~i,) = (5.4 £2.0) x 107 agreeing with
the experimental values. Moreover, we revisit B~ — Apvv,
and obtain B(B~ — Apvd) = (3.5+ 1.0) x 1078 20 times
smaller than the number of Ref. [9].

Like the theoretical illustration in B — BB’ and B —
BB’ M [29,46], the gluon propagators of Fig. la—c play the
key role in the BB’ formation of B — BB/LL’, where two
of them provide the valence quarks in BB’ , while the another

@ Springer

N 15 B —>ppuv,

3 | g

< 10 A

S 1\

':1/ I \

s 5 b

S |

% 0 : . -
20 25 30 35 40 45 50 55

m”; (GeV)

Fig. 4 The pp invariant mass spectrum of B~ — ppu~v,, where
the data points are from LHCb [15]

one speeds up the spectator quark in B. Accordingly, the
approach of pQCD counting rules derives that Fyg, o 1/ 3.

One can test the momentum dependence of B~ —
ppi” vy, whichis by scanning the partial branching fraction
as a function of /7 = m ;. In Fig. 4, as we draw the line to
agree with the five data points [ 15]; particularly, those around
the area of /7 ~ myp-+myp, for the threshold effect, itis shown
that Fyp, as a function of 1/¢ can describe B — BB/LL'.

By normalizing the prediction of the pQCD model [8],
LHCb draws the m 5 spectrum of B~ — ppuv in Fig. 4
of Ref. [15], where the line is higher and narrower than our
result. The difference is caused by the fact that the line of of
Ref. [15] is chosen to more agree with the two data points
aroundm 5 ~ 2.5 GeV. Subsequently, the peak should reach
17 x 10~ to be above the data pointaround m , ; ~ 2 GeV for
integrating over the partial branching fraction as large as B ~
5 x 107°. In comparison, our result prefers to agree with the
threshold data points; however, requiring some broadening
to give a sufficient branching fraction.
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The decay channel B — ApK+(ApK™) is the first
observation of a baryonic B? decay [47], whose branching
fraction B(BY — ApK*T + ApK~) = 5.46 x 107° is as
large as those of the three-body baryonic B~ (B®) decays.
Hence, the semileptonic baryonic EA? decay is supposed to be
compatible with B~ — pp{v,. In our prediction, we present

B(B = pAe™ ¥, pAp ) = (2.1£0.6, 2.140.6) x 10~
(19)

which are accessible to the LHCb experiment, whereas
B(B? — AAvD) = (0.8 £0.2) x 1078 is relatively small.

Because of m; > m, , that strongly shrinks the phase
space, it is anticipated that B(B — BB’ ™) K B(B —
BB'ev, BB/ 11p). Nonetheless, the amplitude of Eq. (3) and
the matrix elements of Eq. (6) result in

iu(gzys — f3)v meugy, (1 + ys)vp (20)

in M(B — BB/(D), where m, is able to enhance the decay.
We thus obtain

BB~ — ppt ;) = (1.6 £4.2) x 107°

B(BY - pAt~v;) = (1.741.0) x 107° 1)

as large as their counterparts. Likewise, the mass effect can
be found in M(B — tv) & myu.(1 + ys5)v; [48,49] and
M(B — B.B') o« m.(B.B'|c(1 + y5)q|0) [50], where m,
and m alleviate the decays from helicity suppression.

We study the angular asymmetries of the semileptonic
B — BB'LL’ decays. While AFp,og(B~ — pplTy) are
around several percents, Arp g, (B_? — pl_\e_f)e, pl_\,u_f)ﬂ)
and App gy (B — AAvVD) can be around 25%. Like the
three-body baryonic B decays [3,26,28], this implies a the-
oretical sensitivity for Fgg, to be confirmed by future mea-
surements.

In summary, we have investigated the semiletonic B~ (B’?)
— BB/LL’ decays with LL' = (£g, vd). We have newly
extracted the B — BB’ transition form factors with the
global fit that includes the data of B — ppM(V), B® —
ppD°™ and B — ppe v, ppu~ v, decays. In our demon-
stration, B(B~ — ppe V., ppi~v,) once overestimated
to be as large as 10~* has been reduced to be around
5% 1070, in agreement with the current data. We have also
presented B(B~ — Apvi) = (3.5 £ 1.0) x 1078, It has
been found that B(B? — pAe v, pAu~v,, pAT ;) =
(2.1 £0.6,2.1 £0.6,1.7 £ 1.0) x 107% and B(B? —
AAvD) = (0.8 £ 0.2) x 1078 can be promising for future
measurements.
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