
e
mon-
pli-

PHYSICAL REVIEW D 1 SEPTEMBER 1996VOLUME 54, NUMBER 5

0556-2821
Long distance contributions in B̄˜Dp and D*p decays
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The amplitudes for theB̄→Dp andD*p decays are described in terms of a sum of a factorized amplitud
as the short distance contribution and a hard pion amplitude as the long distance contribution. It is de
strated that the long distance amplitude is rather small but still can efficiently interfere with the main am
tude.@S0556-2821~96!05417-3#

PACS number~s!: 13.25.Hw, 11.30.Hv, 11.40.Ha
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A recent measurement ofB̄→Dp decays@1# shows that
the B̄0→D0p0 decay is suppressed compared with the oth
decays into final states involving charged particle~s!. It can
be well understood in terms of the so-called color suppre
sion based on the factorization in the Bauer-Stech-Wirb
~BSW! scheme@2# in which the effective hadronic weak
Hamiltonian is given by

Hw
~B!5

GF

A2
UcbUud$a1O11a2O21H.c.%, ~1!

whereO15( c̄b)L(d̄u)L andO25( c̄u)L(d̄b)L with (q̄8q)L
5q̄8gm(12g5)q. The Cabibbo-Kobayashi-Maskawa
~CKM! matrix elementUi j is taken to be real sinceCP
invariance is always assumed in this Brief Report.

The factorization prescription has been supported by t
different kinds of arguments based on QCD: i.e., one in t
color degree of freedomNc→` limit @3# and the other in a
specific kinematical limit@4#. However, phenomenologica
analyses@1,5# in two-body decays ofB mesons based on the
factorization suggest that the value ofa2 to reproduce the
observed branching ratios for these decays@1,6# should be
larger by about a factor of 2 than the one expected fro
perturbation theory@2,7# with Nc53 and its sign should be
opposite to the one in theNc→` limit. It implies that the
largeNc argument fails, at least, in nonleptonic decays
B mesons and that the factorization of the decay amplitu
may hold only in the specific kinematical condition whic
may be realized in theB̄→Dp andD*p decays@4#. It also
seems to suggest that, even in the decays ofB mesons with
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high mass, short distance physics is not sufficient but lon
distance hadron dynamics still cannot be neglected. Ther
fore, we describe the amplitude for theB̄→Dp andD*p
decays in terms of a sum of short and long distance contr
butions:

M ~B̄→D@or D* #p!5M short~B̄→D@or D* #p!

1M long~B̄→D@or D* #p!. ~2!

We study the long distance amplitude for these decay
using a hard pion technique. In our hard pion approximation
the amplitude for theB̄(p1)→D(p2)@or D* (p2)#p(k) de-
cay can be given by@8#

M long~B̄→D@or D* #p!.METC~B̄→D@or D* #p!

1MS~B̄→D@or D* #p!,

~3!

which can be obtained by extrapolatingk→0 in the infinite
momentum frame~IMF!, i.e., p1→`. The equal-time com-
mutator~ETC! term

METC~B̄→D@or D* #p!5
i

f p
^D@or D* #u@Vp̄ ,Hw#uB̄&

~4!

is of the same form as in the old soft pion approximation@9#
but now has to be evaluated in the IMF. The surface term i
given by a sum of all possible pole amplitudes:
ns
MS~B̄→D@or D* #p!52
i

f p
H (

n
SmD@* #

2
2mB

2

mn
22mB

2 D ^D@or D* #uAp̄un&^nuHwuB̄&

1(
l

SmD@* #
2

2mB
2

ml
22mD@* #

2 D ^D@or D* #uHwul &^l uAp̄uB̄&J , ~5!

wheren andl run over all possible single mesons, not only ordinary$qq̄ %, but also hybrid$qq̄g% and exotic$qqq̄q̄ % mesons.
Because of large symmetry breaking in flavor SUf(4) and SUf(5) @10#, we do not symmetrize~or antisymmatrize! the
amplitude for theB̄→D(or D* )p decay under the exchange of theD andp in the final state~or theB̄ andp in the crossed
channel! in this Brief Report in contrast with our previous work@11#. In these decays, however, excited meson contributio
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will be neglected since theB meson massmB is much higher than those of charm mesons and since wave function ove
pings between the ground-state$qq̄ %0 and excited-state meson states are expected to be small.

Although the symmetry breaking of flavor SUf(4) and SUf(5) is not small,asymptoticmatrix elements ofVp andAp

~matrix elements taken between single hadron states with infinite momentum! are assumed to satisfy

^p0uVp1up2&5A2^K1uVp1uK0&52A2^D1uVp1uD0&5A2^B1uVp1uB0&5•••5A2,

^r0uAp1up2&5A2^K*1uAp1uK0&52A2^D*1uAp1uD0&5A2^B*1uAp1uB0&5•••5h, ~6!

which can be obtained by using the asymptotic SUf(5) symmetry@12#, or an SUf(5) extension of the nonet symmetry i
SUf(3). The SUf(4) part of the above parametrization reproduces well@13# the observed values ofG(D*→Dp)’s and
G(D*→Dg)’s. Thus the hard pion amplitudes in the present approximation are controlled by the asymptotic groun
meson matrix elements ofHw .

The amplitude, Eq.~3! with Eqs.~4! and ~5!, can be regarded as its decomposition@14# into ~continuum contribution! 1
~Born term!, which is a natural description of dynamical hadronic processes. The continuum contribution will develop a

relative to the Born term. Since theDp final state can have isospinI5 1
2 and

3
2 , we decomposeMETC as

METC~B̄
0→D1p2!5A1

3METC
~3! eid31A 2

3METC
~1! eid1, ~7!

METC~B̄
0→D0p0!52A2

3METC
~3! eid31A 1

3METC
~1! eid1, ~8!

METC~B
2→D0p2!5A3METC

~3! eid3, ~9!

whereMETC
(2I ) is the isospin eigenamplitude with isospinI andd2I is the corresponding phase shift introduced. The correspo

ing decomposition ofMETC(B̄→D*p) can be obtained by replacingMETC
(2I ) andd2I by METC* (2I ) andd2I* in Eqs.~7!–~9!. In this

way we can obtain the following approximate expressions of the long distance amplitudes for theB̄→Dp decays:

M long~B̄
0→D1p2!.2 i

^D0uHwuB̄d
0&

f p
H @ 1

3 4e
id12 eid3#2

^D* 0uHwuB̄d
0&

^D0uHwuB̄d
0&

S mB
22mD

2

mB
22mD*

2 DA1

2
h1•••J , ~10!

M long~B̄
0→D0p0!.2 i

^D0uHwuB̄d
0&

f p
H A2
3

@2eid11eid3#

2A1

2

^D* 0uHwuB̄d
0&

^D0uHwuB̄d
0&

F S mB
22mD

2

mB
22mD*

2 D 1
^D0uHwuB̄d*

0&

^D0uHwuB̄d
0&

S mB
22mD

2

mB*
2

2mD
2 D GA1

2
h1•••J , ~11!

M long~B
2→D0p2!.2 i

^D0uHwuB̄d
0&

f p
H 2eid31

^D0uHwuB̄d*
0&

^D0uHwuB̄d
0&

S mB
22mD

2

mB*
2

2mD
2 DA1

2
h1•••J , ~12!
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where the ellipses denote the neglected excited-state me
contributions. The corresponding amplitudes for th

B̄→D*p decays can be obtained by replacingD0↔D* 0

andd2I→d2I* in Eqs.~10!–~12!.
To evaluate the above amplitudes, we need to know

sizes of the asymptotic matrix elements ofHw and axial
chargesAp’s taken between heavy meson states. To estim
the former, we use the factorization prescription since t
heavy mesons will annihilate at the weak vertex in the we
boson massmW→` limit. Then they can be described in
terms of the decay constantsf D , f D* , f B , and f B* . Using
f D*. f D.0.22 GeV andf B*. f B.AmD /mBfD.0.13 GeV
as in @2,5#, we obtain ^D0uHwuB̄0&.VcbVud$20.37a2%
31025 GeV2, ^D* 0uHwuB̄0&.VcbVud$0.28a2%31025

GeV2, ^D0uHwuB̄* 0&.VcbVud$20.28a2%31025 GeV2, and
^D* 0uHwuB̄* 0&.VcbVud$0.38a2%31025 GeV2. From the
son
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observed rate@6# G(r→pp)expt.150 MeV, the asymptotic
matrix element ofAp is estimated to beuhu.1.0 @8,15# by
using partially conserved axial-vector currents~PCAC’s!.
The above result on the asymptotic matrix elements ofHw
andAp’s leads us to the long distance amplitudes listed
the second column of Table I, where the CKM matrix ele
ments are factored out.

We now review the factorized amplitudes as the sho
distance contributions to theB̄→Dp and D*p decays
which have been studied by using the factorization prescr
tion. The calculated branching ratios for theB̄→Dp and
D*p decays have been listed in@1,2#. In the third column of
Table I, we list the factorized amplitudes which are compa
ible with these expressions of branching ratios. In@1,5#, the
values ofa1 and a2 to reproduce extensively the observe
branching ratios for two-body decays ofB mesons have been
searched for. Since the long distance contributions were
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TABLE I. The amplitudes for theB̄→Dp andD*p decays.

Decay Along(10
25 GeV! Ashort(10

25 GeV!

B̄0→D1p2 22.8a2H 13@ 4eid12 eid3#10.55J 1.54a1H 110.1S a2a1D J
B̄0→D0p0 22.8a2HA23 @2eid11eid3#10.06J 21.34a2H f D

0.22 GeVJ
B2→D0p2 2.82a2$e

id320.47% 1.54a1H 111.22S a2a1D J
B̄0→D*1p2 2.2a2H 13@4eid1*2 eid3* #10.91J 21.53a1H 110.3S a2a1D J
B̄0→D* 0p0 2.2a2HA23 @2eid1*1eid3* #20.04J 1.34a2H f D*

0.22 GeVJ
B2→D* 0p2 22.2a2$e

id3*20.97% 21.53a1H 111.29S a2a1D J
m
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sufficiently considered, however, the value ofa2 to give the
best fit was far from the one expected by the perturbati
theory as discussed earlier.

We are now ready to estimate the rates for theB̄→Dp
andD*p decays by taking a sum of the hard pion amplitud
~the second column in Table I! and the factorized amplitude
~the third column in Table I! as the total amplitude. How-
ever, the value ofUcb still contains large ambiguities@6#,
Ucb50.03220.048. To get rid of this uncertainty, we firs
consider the following ratios of decay rates:

R15
G~B2→D0p2!

G~B̄0→D1p2!
, R25

G~B̄0→D0p0!

G~B2→D0p2!
,

R35
G~B2→D* 0p2!

G~B̄0→D*1p2!
, R45

G~B̄0→D* 0p0!

G~B2→D* 0p2!
,

R55
G~B̄0→D*1p2!

G~B̄0→D1p2!
. ~13!

We here take the values of the Wilson coefficien
a151.03 anda250.11 which are expected from perturbatio
theory withNc53 @2,7#. The phasesd1

@* # and d3
@* # arising

from contributions of nonresonant multihadron intermedia

states with isospinI5 1
2 and 3

2 have not been measured b
experiments.~Resonant contributions have already been e
tracted as pole amplitudes inMS , although they were not
very important and neglected sincemB is so high and far
beyond the charm resonance region.! However, the nonreso-
nant phase shifts will be restricted in the regio
ud2I

@* #u,90°. We here assumed1.d1* and d3.d3* sinceD
andD* are degenerate under the strong interactions in he
quark effective theory@16#. Then our calculated ratios of
rates, Eqs.~13!, for 40°,ud1

@* #u,80° andud3
@* #u,80° repro-

duce well the observed ones. As an example, we list o
result ford15d1*560° andd35d3*5235° in Table II. As
discussed earlier, (Ri)short,i51–5, which include only the
factorized amplitudes, do not reproduce the observed one
on
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long as the values of the Wilson coefficients expected fro
the perturbation theory withNc53 are taken.

We have seen above that our ratios of the decay rates c
reproduce well the observed ones when we take the reas
able values of the Wilson coefficients in the effective wea
Hamiltonian and the strong interaction phases. Therefore w
are now interested in the decay rates for theB̄→Dp and
D*p decays. However, the value ofUcb is still ambiguous
as shown before. We here takeUcb50.045 as in@2,5#. Using
the observed lifetime@6# t(B2).t(B̄0).1.5310212 s, we
obtain the branching ratios listed in Table III, although the
still contain large ambiguities arising from the uncertainty o
Ucb . We can see that the long distance contribution is tru
small but still can interfere efficiently with the main ampli-
tude arising from the short distance contribution. If the sho
distance contributions were not taken into account, the ca
culated branching ratios for theB̄→Dp andD*p decays
would be much smaller than the observed ones as seen
Table III. @In our previous work@11#, the B̄0→D0p0 decay
could not be suppressed because of the assumed domina
of long distance physics. Since we now do not assume
dominance in this Brief Report, however, the present valu
of B(B̄0→D0p0) is compatible with the experiment.# The
calculated branching ratiosB(B̄→Dp) long1short and
B(B̄→D*p) long1short, although still involving large ambigu-

TABLE II. Ratios of the rates for theB̄→Dp andD*p decays.
The ratiosR1–R5 are defined in the text. The values of the Wilson
coefficientsa151.03 anda250.11 are taken. The values of the
strong interaction phasesd15d1*560° andd35d3*5235° are ten-
tatively chosen. The data values are taken from Ref.@1#.

Ratio Short Short1long Experiment

R1 1.25 1.94 1.8960.2660.32
R2 0.01 0.06 ,0.09
R3 1.22 1.70 2.0060.3760.28
R4 0.01 0.04 ,0.2
R5 0.97 1.03 1.1260.1960.24
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ities arising from the uncertainty ofUcb , reproduce the ob-
served ones. It implies that the long distance hadron dyna
ics improves remarkably B(B̄→Dp)short and
B(B̄→D*p)short, which include only the factorized ampli-
tudes.

TABLE III. The branching ratios (%) for theB̄→Dp and
D*p decays. The values of the CKM matrix elemen
Ucb50.045 andUud50.98 are taken. The values of the other p
rameters involved are the same as in Table II. The observed
time @6# t(B2).t(B̄0).1.5310212 s is used. The data values ar
taken from Ref.@1#.

Decay Blong Bshort Bshort1 long Bexpt

B̄0→D1p2 0.040 0.49 0.28 0.2960.12

B̄0→D0p0 0.017 0.02 0.03 ,0.048

B2→D0p2 0.007 0.74 0.55 0.5560.11

B̄0→D*1p2 0.030 0.52 0.27 0.2660.08

B̄0→D* 0p0 0.008 0.02 0.02 ,0.055

B2→D* 0p2 0.005 0.75 0.47 0.5260.17
m-

In summary, we have investigated theB̄→Dp and
D*p decays by assuming that the amplitudes are given b
sum of long and short distance contributions. The long d
tance amplitudes have been calculated by using a hard p
approximation and, as the short distance amplitudes,
usual factorized amplitudes have been taken. The size of
long distance contribution to theB̄→Dp andD*p decays
has been estimated to be rather small in these decays but
not negligible. By taking reasonable values of the pha
shifts arising from the final state interactions, the observ
branching ratios for these decays have been reproduced
terms of a sum of the hard pion amplitude and the factoriz
amplitude by taking the values of the Wilson coefficien
a1 anda2 from perturbation theory withNc53. This implies
that, in hadronic weak interactions ofB mesons, short dis-
tance physics is not sufficient but long distance hadron d
namics should be carefully taken into account.

To determine the size of long distance effects on th
B̄→Dp decays, measurements of the decay ra
G(B̄0→D0p0) are inevitably important.

This work was supported in part by the Grant-in-Aid from
the Ministry of Education, Science and Culture.
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