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ANALYSIS OF THE B°*) — J/yD+) DECAYS
M. Sayahil, H. Mehraban®

Physics Department, Semnan University, Semnan, Iran

We analyze B g / wDO(Jr) decays by considering the contributions of annihilation diagrams.
For each diagram, we calculate the branching ratios for various parameters X 4, which have played a
significant role in our results. These parameters have been concluded from the divergence integrals in
hard-scattering kernels. Here, we have considered three effective variables, including: A(225, 500 MeV),
pa(0, 1, 1/2), and 4. It is found that the most of the obtained data are placed in the experimental
range at A = 225 MeV and A = 500 MeV for BT — J/¢ D' and B® — J/4 D", respectively.

[IpoBomgutcs H U3 p CII JI0B B J/wDOH') IIpY y4yeTe BKJ JOB HHUTWIALUOHHBIX AU -
rp MM. JUTd K KOO U3 AU TP MM HPHUBOASATCS COOTHOIIEHUS OPEHYMHT IS P 3MHYHBIX HEePEMEHHBIX
X A, KOTOpBIE UIP IOT B XHYIO POJb IPH IOJYYEHHH IPUBOAUMBIX pe3ysbT ToB. [lomoGHble 1 p Me-
TPBl MOXHO TONYYUTh U3 P CXONSAIIUXCS MHTETP JIOB B IPOIECC X XKECTKOTo p ccesHHs spep. bBuum
HCCIIelIoB HbI TpH ciexylomye ahdextuBHble nmepeMennsie: A(225, 500 MaB), pa(0, 1, 1/2) u 4. Ilo-
K 3 HO, 4TO OOJBII § 4 CTh MOMYYEHHBIX I HHBIX H XOIHUTCS B KCIIEPHMEHT JIbHOM OOJI CTH, €CIIH B34Th
A =225 MeB u A = 500 MeB g BT — J/¢DV u B® — J/D° coorsercrento.

PACS: 13.25.Hw; 12.38.Bx

INTRODUCTION

The nonleptonic charmless decay channels B — M M5 provide some information about
CP violation and strong interactions. There are some ways to obtain decay rates and CP
asymmetries with QCD effects. The task is simplified by the use of soft collinear effec-
tive theory (SCET), QCD factorization (QCDF), and perturbative QCD (pQCD) to calculate
hadronic-decay amplitudes. The factorization theorems for B — MM, amplitudes were
derived with an expansion in A/Q, where A is a hadronic scale and @ ~ m; [1]. The
annihilation amplitudes are power suppressed by order Aqcp/myp. In the QCD factorization
method, the annihilation contributions do not appear. It is because of the endpoint diver-
gence. But in some of B-meson decays, these contributions are numerically important. Weak
annihilation effects are not similar to hard spectator interactions. Since they have endpoint
singularities at twist-2 order in the light-cone expansion for the final-state mesons and by ig-
noring the soft endpoint divergence, the annihilation contributions have been written in terms
of convolutions of hard-scattering kernels with light-cone distribution amplitudes, including
the chirally enhanced twist-3 projections [2]. In this paper, we have studied BT — J/¢ D™
and B® — J/D° decays by considering the contributions of annihilation diagrams. For the
last decay, BY — J /¢ DV, the branching ratio is calculated in pQCD approach which is given
to be (3.457132 +£1.5140.32) - 1076 [3].
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1. THE ANNIHILATION CONTRIBUTIONS FOR B — V P DECAYS

1.1. B — /4 DO(+) Decays. The effective Hamiltonian for B — M, M, decays can
be written generally as

G 10
Heg = 7‘; S OAP <010’1’ +Co05 + > Ci0i> +h.c, M
p=u,c 1=3

where \D = wVyp (D = d,s) are the products of CKM elements and C;s are the Wilson
coefficients in NDR scheme. G is the Fermi constant. The matrix elements of the weak
effective Hamiltonian can be written as
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The matrix elements of the operators in 7T, are factorized into two currents, which are form
factor and decay constant including the coefficients a; in factorization approach. The other
term, e.g., Tonn, is the weak annihilation contribution and introduces a set of coefficients b;.
The decay amplitude of weak annihilation effects is given by
G G

Aann = 7;)\p<M1M2|Tann|B> = 7;
where fg, far,, and fas, are decay constants of mesons in decay. We consider only diagrams
proportional to «s and use the convention that M; contains an antiquark from the weak
vertex with longitudinal momentum fraction y. For nonsinglet annihilation, M5 contains a
quark from the weak vertex with momentum fraction x [4]. There are four weak annihilation
diagrams in Fig. 1. Weak annihilation is parameterized by a set of coefficients b?(V P):

Cr
:N_CQ

(MyMy|Heg|B) = == > Ap(MyM;|T), + Tann| B). )

p=u,c

fBfar, far, 0F (M1 Ms), 3)

bl Cl Ai ’

Ve = =L [C3 A} + Cs (A} + Al + N.Cs Af],
¢ 4 4 “4)
V) = —[C1As + Cs A5,

b5 mw = —— [CoA} + C7 (A + Af) + N.Cs A]],
Vi pw = W[me‘li + CAj).

The superscripts i, f refer to gluon emission from the initial- and final-state quarks, respec-
tively, and they refer to Dirac structures. (b1, b2), (b3, bs), and (b3 cw, bacw) are related to
the current—current, the penguin and the electroweak penguin annihilation structures.

We can take the infinite mass limit of b quark in which m; goes to infinity while m ;/,; is
fixed (mJ/w/mb — 0). So, we assume that J/1) behaves as a light meson, due to its size, and
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Fig. 1. The annihilation diagrams for B — M Ma>

we can describe light-cone distribution amplitude for .J/¢. Also, we treat the charm quark as
light compared to the large scale provided by the mass of the decaying b quark (m. < my
and m, fixed as my — 00), and we use a light-cone projection similar to that of light mesons
also for the D meson. In addition, we assume that m, is still large compared to Aqcp. Then
we have used annihilation formula for B — Mj; M, decay, where Ms is a vector meson and
M is a pseudoscalar. Then we have

1 1

AFW%mehwwwwb@3@+ﬁ%+&§%w%@%y

(1 -gz) y’z

1
Ai = _ms/dx dy [¢V(x)¢p(y) [é + %] - r¥rf¢v(x)¢p(y)y%] :
/ 5)
A%w%/MdVﬁ@mwfj&__&@@@mfl&fy

yz (1l — gx) yz (1 — gx)
1
A;J; —waso/dxdy [7’ ¢v )d)p(y)& +7"V¢P( )st(x)%]’

and A{ = Ag = 0. ¢v(z) and ¢p(y) are 2-twist distribution amplitudes, and ¢, (x) and
¢p(y) are 3-twist distribution amplitudes for vector and pseudoscalar mesons, respectively.
All the terms proportional to rM are suppressed by power of Aqcp/my in the heavy-quark
limit. For pseudoscalar, the ratio v is 2m%,/my (1) (mg +mg)(p) and for vector meson it is
2my fiF (1) /my (1) fy. The fir(u) is a tensor decay constant and it is scale dependence [4].
We implement this by using a highly asymmetric D-meson wave function, which is strongly
peaked at a light-quark momentum fraction of order Aqcp /mp. Hence, we have

$p(y) 1+Z% )32y —9) |,
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where af = 0.8 and of = 0.4 (@P = 0, i > 2); also, Cf/Q(y —9g) = 3(y — y) and
Cg/Q(y —4) = 15/2(y — 4)* — 3/2. In other words, .J/1 is small in the heavy-quark limit,
but its Bohr radius is larger than 1/m;. On the other hand, in the limit m./mp — 0, the J/v
treats as a light meson relative to the B meson which asymptotic distribution amplitudes have
been considered for it in leading twist, i.e., ¢(x) = ¢ (x) = 6xz. The 3-twist distribution
amplitudes are ¢,(y) = 1 for pseudoscalar meson (D) and ¢,(x) = 3(x — ) for vector
meson (J/).

In heavy-quark effective theory (HQET), below the m, scale, the vector and tensor cur-
rents have the same anomalous dimensions; that is, f JL/ " and f;/,m. scale as the same power.
Up to the my scale, fj-/w changes its scale with a factor [as(my)/cs(me)]*3? and m. —
with [as(mp)/as(me)]*/P. Then the ratio f}/w/fJ/d, becomes [as(my) /s (me)]3/ 38) x
x2me(my)/m gy, where 3 = (11N, —2ny)/3 and m.(my) is the running mass for charmed
quark at scale m;. However, the scale factor [ov,(my)/as(me)]®/ %) is small and can be
ignored [5]. We have (u = myp)

ri/w — 4@7 (6)
mp
for J/1 meson, and
2 2
rp = 2D )
mp

for D meson. Also, there are some logarithmic endpoint divergences in weak annihilation
kernels. This effect has been parameterized in terms of the divergent integral X4 which
models these quantities by using the parameterizations [6]

/%—>XA. (8)
U

The magnitude of X 4 is universal for final states:

where p4 < 1, and &4 is an arbitrary strong interaction phase, which may be caused by
soft rescattering; this quantity is treated as phenomenological parameter. We have con-
sidered two parameters for Agcp, e.g., 225 and 500 MeV, which are the QCD scale pa-
rameters. For Bt — J/yD% and B — J/yD® decays, we first have extracted the
contribution of the coefficients in the annihilation amplitudes. The coefficients of an-
nihilation contributions have only been contributed. Hence, in Fig.2, we have shown
the Feynman diagrams for B* — J/9 D% decay, which include the b; and by coeffi-
cients, and for BY — J/¢ D" decay, where the b; coefficient is participated in decay
amplitude. In these decays, there is not penguin annihilation contribution. So, we have

Gr
V2
Gr
V2

AB" — J/YDT) = —=fBfpf1/0VuaVibr + VeaV,igba],
(10)

AB® — J/¢YD°) = —= fufpf1/0VuaVibi].
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Fig. 2. The Feynman diagrams for BT — J/¢ D% (a, b) and B® — J/¥D° (c) decays

The branching ratios are given by

2

; (1)

BR(B — JjyD) = 278 ‘A(B—)J/?/JD)

E-PB

2
87rmJ/w

where 75, A(B — J/v¥D), and ¢ are the life time of B meson, decay amplitude, and
polarization vector for J/v, respectively. Also, P. is the centre-of-mass momentum of
mesons

o b = (o map) e — (o = myu )
¢ 2mp '
1.2. Input Parameters. Here, we have introduced the essential input quantities:

my(p=my) = 4.4 GeV, m, =1.45 GeV, mp = 5.28 GeV,

mp = 1.867 GeV, my/;, = 3.1 GeV,as(p =my) = 0.22,
fJ/d) =405 MeV, fp =190 MeV, fp =222 MeV,
N2 -1
2N

Also, we have used the next-to-leading Wilson coefficients calculated in the naive dimensional
regularization (NDR) scheme and at my scale. It is given by [7]

N.=3, Cp = , Gp =1.166-107°.

Ch = 1.082, Cy = —0.185, C5 = 0.014, Cy = —0.035, C5 = 0.009, Cg = —0.041,

Cr/a = —0.002, Cs/a = 0.054, Cy/a = —1.292, Cio/a = 0.263,

where o = 1/129. We also have used the Wolfenstein parameterization for CKM matrix
elements [8]:

Vud Vus Vub 1-— )\2/2 A A)\?’ (p — in)
Ve Ves Vi | = Y 1-X2/2 A |,
Viae Vis Vb AN (1 —p—in) —AN? 1
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where |V,| = 0.0413, A = 0.22, 77 = 0.33 and

22 22
0 — 1—— N — 1__
p p( 2)7 n "7( 2);

and the experimental life times for B and BT are [9]

g+ = (1.638 4 0.011) - 10725,
7o = (1.525 4 0.009) - 10~ '28.

2. DISCUSSION

In this paper, we have computed branching ratios for B* — J/¢D% and B® — .J/+D°
decays. These decays have only annihilation contributions. The annihilation amplitudes for
each decay are studied in the different hadronic scales. On the other hand, they have been
calculated in the different parameters of X4, which play a significant role in our results.
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Fig. 3. The obtained data correspond to BT — J/9 D" for pa = 1 (a), pa = 1/2 (b) (squares — for
A = 225 MeV, crosses — for A = 500 MeV, the solid line — for experimental data < 1.2 - 1074)
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Fig. 4. The obtained data correspond to B® — J/1D° for pa = 1 (a), pa = 1/2 (b) (squares — for
A = 225 MeV, crosses — for A = 500 MeV, the solid line — for experimental data < 1.3 - 107%)
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Table 1. Branching ratios for Bt — J/yyD*

Table 3. Branching ratios for B® — J/¢D°

Table 2. Branching ratios for BT — J/¢D*

(A = 225 MeV) (A = 500 MeV)

) Dy, ° BR, 107* p Dy, ° BR, 107*
0 | 0~360| 0.05%5:5% 0 | 0~360 | 054773992
0 1.1175:98, 110 1.3910%

| 30 097958, | 120 0.6870 06
240 0.875:953 240 0.8670 02

250 1417050, 250 1.397003

83 1.2810-902 83 1.267005

1 90 1.06+9:991 1 95 0.9174:02
2 270 1.06+9:9L 2 260 0.7870:01
280 1.37+5:98, 280 1.3610:007

Exp. <12 Exp. <13

Table 4. Branching ratios for B® — J/¢D°

(A = 225 MeV) (A = 500 MeV)

p Dy, ° BR, 107° p Dy, ° BR, 107°
0 | 0~360 | 054770902 0 | 0~360 | 0.1357399
110 1.3915:05 83 L7503}

| 120 0.68735% | 95 0.8270:003
240 0.8615:03 270 0.9610:002

250 1.3970:03 280 1.210-01

83 1.2670:03 0 0.9610 007

1 95 0.91+5:9% 1 30 0.861 0007
2 260 0.78+5-01 2 280 | 0.39%9:99
280 13675007 290 0.5019 006

Exp. <13 Exp. <13

The X4 has been concluded from the divergence integrals in hard-scattering kernels and
appeared in Eq. (10) which can be changed in definite intervals. Here, we have changed three
effective variables in X 4, including: A, pa, and ¢ 4. We have chosen arbitrary phases for ¢ 4
and p4 in this parameter, which have the better results for our calculations. By considering
that A = 225 and 500 MeV, our results are given in Tables 1-4 for BT — J/¢D* and
B — J/4D° which are the best results in below the upper bound data of these decays.
These data are plotted in Figs.3 and 4. We have tried to decrease the discrepancy between
theoretical results and experimental data. It has shown, we could find that the most of the
obtained branching ratios for B¥ — J/¢ D" and B® — J/1 D" are placed in the experimental
range for A = 225 MeV and A = 500 MeV. In [3], the branching ratio is calculated in pQCD
approach, which is given to be (3.457}32 +1.5140.32)-1076 for B® — J/4D°. The upper
bounds of experimental data on Bt — J/¢ D% and B® — J/¢D° decays are 1.2-10~* and
1.3 - 1075, respectively [9].
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