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Abstract: B — (D°,D%)n* 7~ is induced by the b — ciis/b — ucs transitions, which can interfere if a CP-eigenstate

Dcp is formed. The interference contribution is sensitive to the CKM angle y. In this work, we study the S-wave 7t~

contributions to the process in the perturbative QCD factorization. In the factorization framework, we adopt two-

meson light-cone distribution amplitudes, whose normalization is parametrized by the S-wave time-like two-pion
form factor with resonance contributions from fy(500), f5(980), fo(1500), fo(1790). We find that the branching ratio
of B(S) — (DO, D% (n*77)g is of the order of 1079, and that significant interference exists in B‘s) — Dcp(ntn™)g. Future

measurement could not only provide useful constraints on the CKM angle y, but would also be helpful for exploring

the multi-body decay mechanism of heavy mesons.
Keywords: PQCD, three bodys decays, y angle
PACS: 12.38-t

1 Introduction

In recent years, three-body hadronic B/B; meson de-
cays have attracted considerable attention of the experi-
ments [1-3]. These processes provide new ways of study-
ing the phenomenology of the Standard Model and of
probing new physics effects. For instance, the LHCb col-
laboration has measured sizable direct CP asymmetries in
the phase space of the three-body B decays [4, 5]. In addi-
tion, these processes are also valuable for understanding
the mechanism of multi-body heavy meson decays.

On the theoretical side, the perturbative QCD
(PQCD) framework, based on the k7 factorization, has
been applied to analyze the B/B; semi-leptonic and two-
body decays processes [6-30]. The PQCD framework has
also been used to study three-body decays [31-41]. Gen-
erally, the multi-scale decay amplitude may be written as
a convolution, including the nonperturbative wave func-
tions, hard kernel at the intermediate scale and short-dis-
tance Wilson coefficients. The factorization is greatly
simplified if two of the final hadrons move collinearly. In
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this case, the three-body decays are reduced to quasi-two-
body processes. Therefore, nonperturbative wave func-
tions include two-meson light-cone distributions, which
contain both resonant and nonresoant contributions. For
instance, the measurement of B;— J/y (n*n™)s by LHCb
[5] indicates that the resonances f(500), f5(980), fo(1500),
fo(1790) of the S-wave nm-pair are dominant, which is
confirmed by the theoretical calculation in the frame-
work of PQCD [42-47]. In this work, we focus on B? —
D°(D%r*7x~ and include the By — D(fy(500)+ fy(980)+
fo(1500) + f5(1790)) —» D[(x*7n")s] contributions. More
explicitly, a Breit-Wigner (BW) model is used for the res-
onances fp(500), fo(1500), f5(1790) [48] , and the Flatté
model is adopted for the resonance f,(980) [49].
B? — D°(D®)n* 7, with the CP eigenstate containing the
interference amplitude from b — ciis (b — ucs), is sensit-
ive to the angle y of the CKM Unitarity Triangle, whose
precise measurement is one of the primary objectives in
flavour physics.

The paper is organized as follow: in Sec. 2, we intro-
duce the wave functions of By, D and of the two pions.
Sec. 3 contains our perturbative calculation within the
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PQCD framework. In Sec. 4, we give the numerical res-
ults, and a conclusion is presented in the last section.

2 Wave functions

In general, the wave function @,z with Dirac indices
a,f can be decomposed into 16 independent components,
Iaﬁ,)/a‘ﬁ,(yf‘ys)aﬁ,yiﬁ,af;ﬂ For the pseudoscalar B; meson,
the light-cone matrix element is defined as

1 d4Z
f (on )4 e %(0lbo(0)g(2)|Bs(Pp,)) =

\/W{(PB +mp)Ys [¢B (k1) + ﬂ\_/;&&(kl)]}aﬁ’ (1
where the light-cone vectors are n=(1,0,07) and
v =(0,1,07). The two independent parts of the B; meson
light-cone distribution amplitude obey the following nor-
malization conditions:

d4k1¢ o I d*k
ont PV TN J et

where fp is the decay constant of B, meson. Since the
contribution of ¢p (ki) is numerically small [28], we neg-
lect it and keep only the ¢p (ki) part in the above equa-
tion. In the momentum space the light-cone matrix of B;
meson can be expressed as follows:

ép. (k) = 2

Dp =

1
3
A 3)
Usually, the hard part is independent of k* or/and k-,
thus one can integrate one of them out from ¢ (k*, k7, k).
With b as the conjugate space coordinate of k,, we can
express ¢p (x,k, ) in the b-space by

O, (x,b)op = \/Z;T[(PBA +mp )yslapds (.b),  (4)

where x is the momentum fraction of the light quark in B;
meson. In this paper, we adopt the following expression
for ¢p (x,b)

2 .2
Mg X° (wpb)?

Za),i 2

¢, (x,b) = Np x*(1 — x)*exp [— } )
where Np is the normalization factor, which is determ-
ined by the above equation with b = 0. In our calculation,
we adopt w, =(0.50+0.05)GeV [9] and fp =(0.228+
0.004)GeV [10], from which we determine Np = 63.02.

The wave function of the charmed D meson, treated
as the heavy-light system, is defined by the light-cone
matrix element as follows [11]:

1 d4Z
f 2 e%(01¢,(0)gp(2)|D°(Pp))) =

m{(PD+mD>yS¢D<kz>} (6)

which satisfies the normalization

fd4k2¢( )= (7)
S 2\/2N

Here, fp is the decay constant, and the chiral D meson
2

. m
mass is taken as mOD = D — mp+0O(A). For the nu-
me+mg

merical calculation we adopt the parametrization [50],

¢p(x2,02) = 6x2(1 - x2)[1+Cp(1 - 2x2)]

3
2 b

2\/_

xexp{

(®)

where the free shape parameter Cp is Cp =0.5+0.1 [14],
and fp, wp read as fp =0.209+0.002 [10] and wp =0.1
[14].

The S-wave two-pion distribution amplitude is then
given as [46]

S—wave _

SN [P (2, E, ) + Mg DL (2,E,m2,)
o p & &

+ Man(fh $ = DL (2, €,m3)], )

where 7 is the momentum fraction carried by the spectat-
or positive quark, ®,,, ®5, and ®L_are twist-2 and twist-3
distribution amplitudes. m,, is the invariant mass of the
pion pair. We consider that the two-pion system moves in
the n direction. ¢ as the momentum fraction of #* in the
pion pair. The asymptotic forms are parametrized as [51-
53]

PG (1-2)3(2z—1),
= 2\/— a0z Z Z
s FS(mn'ﬂ') T s(mmr)
- ol = 1-22). 10
m =N o o o2 (10

Here, Fy(m2,) and a, are the timelike scalar form factor
and the Gegenbauer coefficient, respectively. As a first
approximation the S-wave resonances used to paramet-
rize Fy(m2,) include both the resonant and nonresonant
parts of the S-wave two-pion distribution amplitude.
Therefore, we take into account fy(980), fo(1500) and
Jf0(1790) in the s5 density operator, and f,(500) in the ui
density operator:

2 6,
C1ME (930)€

5.2
Ffs(mﬂﬂ') = 2 2 .
£,(980) — Mz — N £,(980) (gmrpmr + gKKpKK)
2 6,
N C2M% (1500)©
m%)(]soo) - m72r7r - imﬁ,(lSOO)rﬁ,(ISOO)(m%ﬂ)
2 16,
. c3m f0(1790)el
mjzro(1790) —mag — im 1790\ 11790y (M27)
2
P2 ) O™, 500) 1
Ky (mﬂﬂ') ) 2 . 1_, 2 . ( )
mfo(500) = Mg — M£,(500)1 £,(500) (mzz)
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co, ¢; and 6;, i =1,2,3, are tunable parameters. myg is the
pole mass of the resonance, and I's (im,,) is the energy de-
pendent width of the S-wave resonance which decays in-
to two pions. For the contribution of f,(980), an anomal-
ous structure was found around 980 MeV in the n*n~
scattering [54, 55]. This was accompanied by the obser-
vation of a narrow anomaly (less than 100 MeV wide) in
the S-wave phase shift associated with an enhancement in
the (I =0) KK system at threshold. It was shown that the
anomaly could be understood as a narrow two-channel
resonance, which combines the 7z and KK channels [56].
Generally, the Breit-Wigner (BW) model can be applied
to describe an unstable particle as an isolated resonance.
Since the resonance f(980) is near the threshold of KK of
about 992 MeV, the model should be modified to include
the coupled channels f;(980) — nr and f,(980) —» KK
[56]. Therefore, the Breit-Wigner form proposed by
Flatté and adopted widely in many studies of the n—n
and KK system is also used in this work. In the Flatté
model, the phase space factors p,, and pxg are given as

[48]
2 dm2, 2 4m?,
=4 [1-—+ 24 (1-—5,
P 3\/ "y 3\/ e,
1 4m%{: ] 4mK(|
=—4[1- +-q1- . 12
PKK 2\/ m%ﬂ 2\/ m72m (12)

3 Perturbative calculations

According to the factorization theorem, the amp-
litude of a process can be calculated as an expansion in
as(Q) and A/Q, where Q denotes a large momentum
transfer, and A is a small hadronic scale. Usually, the fac-
torization formula for the nonleptonic b-meson decays
can be expressed as

1
A~ f dx;dx,dxs f d’b,d’b,d’b5 C(H)pp(x1,b1,1)
0

X H(x1,%x2,x3,b1,b2,b3,0)¢2(x2, b2, 1)3(x3,b3,1), (13)

where the Wilson coefficients and the typical scale ¢. The
hard kernel H(x;,b;,t), representing b-quark decay sub-
amplitude, and the nonperturbative meson wave function
¢i(x;, b;, 1), describe the evolution from scale ¢ to the lower
hadronic scale Aqcp. For a review of this approach, see
Ref. [7].

The effective Hamiltonian for BY — DY%(D%)x*n~ is
given as

G
Her = _FVQbVqs(CIOI +C20), (Q=c,u, g=u,c), (14)
V2
with Oy = (Cobp)v-a(Ssuta)v-a, O2 = (Coba)v-a(Sug)v_a for

the BY — Dz*n~ process, and O; = (#abp)v-a(35pCa)v—a,

03 = (itgho)v-a(3pcg)v-a for the process B — D'n*n~. In
particular, the penguin operators do not contribute to the
processes. Using the above effective Hamiltonian, we ob-
tain the typical Feynman diagrams for the BY — Dn*n~
process shown in Fig. 1, in which the first row represents
the color-suppressed emission process, and the second
row indicates the W-exchange process. In the factoriza-
tion framework, the factorizable diagrams in Fig. 1
(a,b,e,f) are relevant for a,, and the non-factorizable dia-
grams in Fig. 1 (c,d,g,h) are proportional to C, [57],
where

aj =C2+C1/NC, a2=C1+C2/NC. (15)

We will work in the light-cone coordinates. The mo-
menta of the mesons are defined as follows:

PB‘ :(stpI5OL)a Pﬂﬂ':(p;>09ol)’
Pp =(p} - p3.my [(2p7),0.). (16)

Accordingly, the momentum transfer and the light-cone
components can be obtained as = (Pp, — Pry)* =

(1 _p)mé\a - 1_m ’ P1 —mB /(ZPT) and P2 —(mB
q*)pi/my. In the hegvy quark limit, the mass difference
between b-quark (c-quark) and By(D) meson is negligible,
mp_p =myp.+A(A is of the order of the QCD scale). Since
mp, > mp > A, we expand the amplitudes in terms of
@ A , and for high order A For the leading order of
mB mp
the expansion, p ~ 1,4> ~0. The momenta of the light
quarks in the mesons (k, k3 represent the momenta of the
light quarks in B; and D mesons, k; is the momentum of
the positive quark in the pion-pair system) are given as
=(0,x1Pp . ki11), ko = (x2Pp,0,k21), k3 = (0,x3Pp, k3).
7)
In the ky-factorization, the color-suppressed emission
Feynman diagrams can be calculated out, with the formu-
las labeled as e, (x = 1,2,3,4) in the subscript. Thus, the
factorization formulas for the color-suppressed pD%-emis-
sion diagrams are given as

e

1 1/A
Mel2 =87GCm%‘_fo dxldxzf b]db]bzdb2¢B(X1,b1)
0 0

X{Ee,(te, Yhe,(x1,X2,b1,b2)ax(te,)

X [1o(1 = 222)(¢5,(55, X2) = B n(X2))

+ (2= x2)Prr (55, x2)] = 210y, (55, x2)

X Ee,(te,)he,(x1,%2,b1,b2)as(t,,)},

327Cpmj,
V2N, Jo

X ¢p(X3,b3)Ca(te NEe, (te, Yhe, (X1, X2, x3,b1,D3)

X [r0X2(B3,(55, X2) + (55, X2)) + X3 rn(55, X2)]

= E,,(te)he,(x1,X2,X3,b1,b3)[10 X2 (¢, (55, x2)

— prr(55,2)) + (X3 + X2)Brn(55, x2)1},

1 /A
Meza = dx; dxzdxsf b1db1b3dbzgp(x1,b1)
0

(18)
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Fig. 1.

CON

(color online) Typical Feynman diagrams for the three-body decays B? — D°(D%)x*x~. For the three-body process, the operat-

ors at the quark level are 0;,0,, which correspond to two kinds of Feynman diagrams: the color-suppressed and the W-exchange.

The color-suppressed diagrams are shown in panels (a-d) and (a'-d"); the W-exchange diagrams are shown in panels (e-4) and (e'-4").

m .

where rg = —=, Cr is the color factor. ¢.,(s3,x,) repres-
mp,

ents the two-pion distribution amplitude defined by the s5

operator. The hard kernels E, and h,_are given in the fol-
lowing.

The factorization formulas for the W-exchange DO
diagrams M,,;» and M,,34 are given as

1 1/A
M1z =87TCFm‘113‘fB\.f dedx3f bydbrb3db3pp(x3,b3)
0 0

X{Eyw, (tw ), (x2, X3, D2, b3)az(tw,)[x3¢rn (uit, x2)
+2rorp(x3 + 1)z (uit, X2)] = [ X2 (uit, x2)

= 10rp(2x2 + D (ult, x2) + rorp(1-2x2)¢ 1 (ult, x2)]
X Ey, (tw,) Iy, (X2, X3, b2, b3)az(tw,)},

327GCm4B 1

1/A
Mg =————— dxdxdxf b1dbb,db x1,b
w34 Nl 1dxz 30 1db1b2dbr¢p (x1,b1)

X ¢p(x3, b2 Eyp, (1, ), (X1, X2, X3, b1,02)Co(tyy,)

X [X2 @ (Ui, X2) + rorp (X2 + X3)p, (uik, X2)

+ 707 (X2 = X3)@ g (uit, X2)] + [=X3¢ e (uit, x2)

—rorp(x2 + X3+ 2)p (uil, x2) + rorp(x2 — x3)

X G ity X2) Eny, (6, Y, (X1, %2, %3,b1,62)Ca(t,)}, (19)
where rp = Z—Z, ¢nn(uit, xp) represents the distribution

amplitude of the ui operator. Due to the helicity suppres-

sion, the contribution of the factorizable diagrams M,
is suppressed significantly. Therefore, the dominant con-
tribution comes from the non-factorizable diagrams
M,34.

In the D%-emission process, the two factorizable dia-
grams have the same factorization M,» = M. 12. Accord-
ingly, we give the factorization formulas for the non-fac-
torizable emission diagrams M, 4, the factorizable W-ex-
change diagrams M, and the non-factorizable W-ex-
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change diagrams M, 34 as follows: @, la,, (x=1,2,3,4) in the BY — D°x*n~ process.
32aCpmt 1 1/A e, =(1=X2)mp p, e, = x1mj p,
Me3a :Wc‘ ; dxldxzdx3fo b1db1b3db3¢p(x1,b1) e, =x1(1=x2)m3 p, g, = x1(1 = x2)i p,
X ¢ (3. b3 Ee (te Yhe (31, 32,53, b1.b3)Ca(le) @y, =X s @, = (1 =+ Xap)m
X [r0(%2) (B (5, %2) + Ba(55, %2)) + X3brn (55, %2)] @y, SX2XBM P, g, = X2 X3 .
—Eo,(te, Yhe (X1, X2,%3,b1,03)Ca(te )10 X2 (P, (53, x2) Be, =x1(1— xz)mép, Be, =x1(1 = xz)mép,
~ Prn(55,2)) + (T 4 )55 32)]) Be, =161 —3)(1 —x29) + (1 — )l
M1z =87TCFm%Afoj(; dxzdx3f(; / bydbyb3dbsdj(x3,b3) Be, =(1 =x2)(x1 +x3 — l)mép,
X By (b Y, (52, %3, b3, b3 a1y P, =xatoip. P T A
XL(1 = X2)an (1 X2) + Forp (22 = 350, ) P 0 mn s ,
Bw, =((1 = x1 = x3)(1 = x20) = D . 21)
+707D(1 = 222)¢ g (uit, X2)] + [~ X3P (U, 12) For B — D1, we have
+2rorp(x3 + D (uit, X2)1 Eye, (1, o, =(1 = x)m3 p, @y, = 173 p,
X Py, (X2, %3, b, b3 )a (tr)), e, =x1(1 = x2)m p, e, = x1(1-x2)m} p,
My34 =M ]dx1dxde3fl/Ab1dblbzdbngg (x1,b1) @, =( —xzp)mé\, P, = x3mé\p,
V2N. Jo 0 ' @y, =x3(1 — xz)m%‘p, ay, = x3(1 - xz)m%‘p,
X @p(x3, b2 Eyy (B oy, (X1, X2, X3, b1,02)Ca(tyy,) Be, =x1(1 —xz)m%‘p, Be, = x1(1 —xz)mép,
X [X3¢rr(uit, x2) — rorp(1 — X2 + Xx3),  (uit, x2) Be, =(1 = x2)(x1 - X3)m%g‘P,
+rorp(xa + X3 = D (uit, x2)] + [(x2 = 1) rr(uit, x2) Be, =[(x1+x3 - (1 = x20) + (1 — p)]m;,
+1orp(=x2 + X3 + 3)y (uit, x2) + rorp(x2 + x3 — 1) B, =x3(1 - xz)mépy B, = x3(1 - xz)mé\p,
X ¢,{,r(u12,xz)]Ewr4(tW/4)hwf4(x1 ,%2,X3,b1,02)Ca(ty,)}. By, =(1 = x2)(x3 — x1 )m%;‘P,
(20) Bur, =((1=x1 = x3)(1 = p+ x2p) = 1yt (22)
In the following, we give the forms for the offshell- The hard kernel functions h, (h;) and h, (h,) are

ness of the intermediate gluon pB,./B, and quarks written as

he,(x1,%2,b1,b2) =[0(b1 = b2)lo( @ b2)Ko( yBe,b1) + (b1 & b2)IKo(yBe,b1)S (e, /(m; p)),
Ko(\Beb), Be, >0,
mom

2 (o). 8. <o,

he (x1,%2,x3,b1,b3) =[6(by —bs)lo( \/af_e,bs)Ko( ﬂejbl)Jr (b1 & b3)]{

2
hy, (x1,%2,b2,b3) =(i§) HY (VBw, b2)[0(b2 — b3)H{ (\a, b2)Jo( @, b3) + (b2 © b3)1S (e, /(11 p)),

T by X100 b (NG o( Nb2) +(by o bl e P (23)
w, (X1, X2,%3,b1,b3) =i= - @, @, b2) +(b) & in
1,22, %3,b1,02) =i [6(b1 ~ b)H,, DJo( Vv, ba 1 2 EHBD(\/W_MM), B, >0,

where i,k = 1,2 and j,/=3,4, and Iy, Ky and Hy = Jy +iYy E. (1) =a,(Dexp(=S p,(1) = S zx (1)),
are the Bessel functions. The threshold re-summation E, (1) =ay(1)exp(=S p,(t) = S 2z (1) = S p(1)lp, =b,.
factor S,(x) is parametrized as Ey, (1) =a5(D)exp(=S (1) = S p(1)),

142673240 E,, (1) =a(0)exp(=S B, (1) = S zz() =S p(Dp,=p,»  (25)

— c
Si(x) = m[x(l -], (24) where
with the parameter ¢ =0.4 in this work. The evolution Sy @) =s(xymg, b1)+§ f r %Vq(as(ﬁ)),
’ ' /b, H

factors E,(r) in the factorization formulas are given by
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!

di
SD([)ZS(XSmB\’b3)+2f Tﬂyq(as(ﬁ)),
1/b, M

S 7x(t) =s(xamp_,b2) + s((1 — x2)mp, , b2)
! d/_l _
+2 —vq(as(@D)), (26)
1/b, M
with the quark anomalous dimension y, = —a,/n. The ex-

plicit expression for s(Q,b) can be found, for example, in
Appendix A of Ref. [9]. The hard scales are chosen as

te, =max( g, Ve, 1/b1,1/b2),
te, =max(\/ac,, \/Be,» 1/b1,1/b3),

tWA =maX( Va/W;" V,Bwk’ 1/b29 l/b?))y
tW, :max( Vaw,, Vﬂw,’ l/bl > 1/b2) (27)
Therefore, we obtain the total decay amplitudes,
_ G
AB; — Dn*n) =_FVCbV;s(M612 + M.3a

\2
+ M1z + Myza),

_ _ G
ABs — D1t ) ==LV VE(Mera + Moy
\2
+ M2+ Myy3a). (28)

The differential branching ratio for the decays
B? — D°(D%)n* 7~ follows the formula given in [58, 59]
d8 Ml P11ID3|
= v, " DI AR, 29)
dmy, 4(2m) my

with the B; meson mean lifetime 75 . The kinematic vari-
ables |pi| and |p3| denote the magnitudes of the 7* and D
momenta in the center-of-mass frame of the pion pair,

1
[Pl =5 i~

] \/[Wlé - (mmr + mD)Z] [mlzg‘ - (mmr - mD)2]~ (30)

2y

Ip3l =

4 Numerical results

We adopt the following inputs (in units of GeV) [58, 59]

AI=$=0.250, mp, =5.367, mpo = 1.869, my. =0.140,
M =0.135, mg- = 0.494,
mio» =0.498, my, = 4.66, m; = 0.095,
75 =1.512x107"%s, Gr=1.166x107,

and the CKM matrix elements are taken as:

[Viis] =0.2252, |V,p] =3.89x 1073,
[V =0.97345, |V.p| = 40.6% 1072,
The parameters of the scalar form factor F(m2,) are ex-
tracted from the LHCb data for the process B, —
J/yntn~, given in [48, 60] (mass and widths are given in
units of GeV):
m(fo(500)) = 0.5, m(fp(980)) =0.97,
m(fp(1500)) = 1.5, m(fp(1790)) = 1.81,
I'(f6(500)) = 0.4, I'(fp(1500)) =0.12, T'(fo(1790)) =0.32,
8rn =0.167, gkk =3.478xz,
co =3.500, ¢; =0.900, ¢ =0.106, c¢3 = 0.066,

b bd
0=—=, p=—, 63=0.
1 ) 2 4 3

We calculate the branching ratios for the different res-
onances in the S-wave pion-pair wave function, which are
given in Table 1. In this table, the first uncertainties are
from w;, = 0.50+0.05 in the B; wave function, the second
arise from a; =0.2+0.2 in the pion-pair wave function,
and the third are from the QCD scale A = 0.25+0.05. The
errors from the parameter Cp in the D meson wave func-
tion, the variations of the CKM matrix elements and the
mean lifetime of B are small and have been omitted.
However, the above results are sensitive to w, and a,
namely the B, and S-wave two-pion wave functions. Fu-
ture measurements of decay branching ratios will be valu-
able for understanding B, physics and the S-wave two-pi-
on resonances.

Including all S-wave resonances fy(500), f5(980),
f0(1500) and f3(1790) in the scalar form factor, we obtain
the total branching ratio

Table 1. Branching ratios from the different intermediate resonances.

Resonances

Branching ratio (x107%)

BY - D° £y(500)[£o(500) — 7* 7]
BY - D° £5(980)[£0(980) — 7* 7]
B — D f5(1500)][ fp(1500) — 7% 771
B% — D° f5(1790)[ fo(1790) — n*n~]
BY — D £5(500)[ f5(500) — 7 77]
BY — D° £o(980)[ £0(980) — 77" ]
B — D f5(1500)[ fp(1500) — 7% 771
B9 — D f5(1790)[ fp(1790) — 7771

0.13+0:04(w3) *0:10(a2) 0% (Aqep)

04510 13(@p) {73 (@2)*5 1 (Aqcp)

0. 11+ 04 (w) F0 08 (a2) 7092 (Aqep)
0.035*010(@n) 15003 (42) 08 (Aacn)
0. 112063 (@n) 1 35(a2) 505 (Aqen)

0.161003 (w5 (11 (a2)51 (Aqcp)

0.0395513(wh)5525(@2) g 01 (Aep)

0-011*5505(wh) 5906 (@2) 5 oo (Acp)
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B(BY — D(n"1)s) =0.7720 15(@p) 25 (@2) 1013
X (Aqcp) x 1078,
BB} — D(w*17)s) 2047201 5(wp) 5 53(a2) 503
X (Aqcp) X 107°. (31
We found the contributions of B — D°f,(500)[ f5(500) —
mta], BY — DO £,(980)[ £o(980) — ntn~], BY — DO f£,(1500)
[f5(1500) > 7t~ ] and B® — D° £,(1790)[ fo(1790) — n* 7]
to be respectively 16.4%, 59.3%, 14.6% and 4.5% of the
total B — DO(n*7)s decay rate. For the B — D°(n*n7)s
process, the corresponding rates are respectively 24.6%,
35.2%, 8.3% and 2.4% . This indicates that the f,(500)
and f;(980) contributions are dominant, and that the con-
tribution from f,(980) is larger than f,(500) in the pO(HY)
final state. LHCb collaboration measured the upper limit
of the branching ratio of B(B; — D°£,(980)) <3.1x 1076
[61], which roughly agrees with our value.

In order to compare the two channels By, — D%(nrr)g
and B; — D%(nn)s, we determine the rate of their branch-
ing ratios
_ B(B) - D(n*n7)s)
- B(BY - DO(x*m)s)

e \
1.00

0.90

| ~ 1.64, (32)

B(Dcp+)(107°)
o
3

50 60 70 80 90 100

34
33

50 60 70 80 90 100

(©)
Fig. 2.

which significantly deviates from the ratio of the CKM
factors:

VCbV;x
Rckm quhVZ}| 5.83. (33)

In these two decays, there are competition effects
from the CKM factors and dynamical decay amplitudes.
In these processes, the dominant contributions come from
the emission diagrams and non-factorizable W-exchange
diagrams. Although the emission diagrams result in simil-
ar factorization formulas and numerical results for the
two channels, the formulas for the non-factorizable W-ex-
change diagrams are different. We found that the non-fac-
torizable W-exchange process for B — Dz*n~ is numer-
ically larger than for B — D°z*n~, with the CKM factor
inversed. As a result, their final branching ratios are sim-
ilar.

The CKM element for B — DO(D°)(n*n)s is ViV,
(Vs V%), where V,;, is sensitive to y. Therefore, we can
get the dependence of our results on y by providing a
parameter Dcp. defined as [62]

V2A(B? — Deps(ntn)s) =ABY — DO(n*n7)s)
+ ABY - D(ntn)s). (34)

0.35

B(Dcp-)(107)

0.20 /

50 60 70 80 90 100

(b)

0.7
0.6

50 60 70 80 90 100

(d)

(color online) The dependence of the differential branching ratios 8(B? — Dcp.(n*7~)s) on y are shown in panels (a,b). In pan-

els (c,d), the corresponding physical observable that is measured Rcp. is shown as function of y. The shaded (green) regions denote

the current bound y = 73.5742.
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-------- f0(500)

(107%/GeV)

dB
dmy -

1.5 2.0
My ”—(GGV)

(a)
Fig. 3.

6
________ /o(500)
- 0(980)
| -fo(1500)
; total
v 4
@)
o
53
g
=
2.0

Mg+ n‘(GeV)
(b)

(color online) The dependence of the differential branching ratio on the pion-pair invariant mass for the resonances f,(980),

£o(1500) and f5(1790) in the decays (a) B? — D%z*zx~ and (b) BY — DOx*7~ .

Accordingly, the dependence of the branching ratio
B(BY — Dcps(n*n7)g) on y is shown in Fig. 2(a,b). The
corresponding physical observable measured by the ex-
periments is defined as
4B(B) = Dcp+(n77)s)

B(BY - DO(n+n)g) + B(BY > DO(ntn™)g)
The dependence of Rcp. on y is shown in Fig. 2(c,d). The
current bound for y is y = (73.5747)° [63].

The predicted dependence of the differential branch-
ing ratio dB/dm,, on the pion-pair invariant mass mi,, is
presented in Fig. 3(a) and Fig. 3(b) for the resonances
f0(500), f0(980), fo(1500) and f5(1790) in the decays
By — D°n*n~ and By — D°z*n~ . The figures show that
the main contribution to the two decays lies in the region
around the pole mass m,9s0) = 0.97, while f,(500) gives a
contribution primarily in the region below m,, =1 GeV.
The other resonances, f(1500) and f;(1790) , still give
considerable contributions to the processes. Therefore,
we hope that more precise data from LHCb and the fu-
ture KEKB may test our theoretical calculations.

(35)

Rcp: =

5 Conclusions

In the past decades, two-body B decays have provided
an ideal platform for extracting the Standard Model para-
meters, and for probing new physics beyond SM [64, 65].
In this work, we studied the three-body decays
B? — D°(D®)n*n~ within the PQCD framework, and in
particular the S-wave contribution which was explicitly
calculated. The S-wave two-pion light-cone distribution
amplitudes can have both resonant f,(500), f,(980),
f0(1500), fo(1790) and nonresonant contributions. Further-
more, the processes proceed via tree level operators, and
the branching ratios were found to be in the range from
107 to 10 °. It was found that the branching ratios are
sensitive to the parameters w;, and a, in the By and two-
pion distribution amplitudes. Therefore, we expect that
future measurement could help to better understand the
multi-body processes and the S-wave two-pion resonance
and B; distribution amplitudes.
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