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Long distance contributions in B—D and D* decays
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The amplitudes for th8 —D 7 andD* 7 decays are described in terms of a sum of a factorized amplitude
as the short distance contribution and a hard pion amplitude as the long distance contribution. It is demon-
strated that the long distance amplitude is rather small but still can efficiently interfere with the main ampli-
tude.[S0556-282196)05417-3

PACS numbsd(s): 13.25.Hw, 11.30.Hv, 11.40.Ha

A recent measurement &— D decays[1] shows that high mass, short distance physics is not sufficient but long
the B~ D0 decay is suppressed compared with the otheflistance hadron dynamics still cannot be neglected. There-
decays into final states involving charged part®lelt can  fore, we describe the amplitude for tfe—D= andD* 7
be well understood in terms of the so-called color suppresdecays in terms of a sum of short and long distance contri-
sion based on the factorization in the Bauer-Stech-Wirbebutions:

(BSW) scheme[2] in which the effective hadronic weak

Hamiltonian is given by M(B—D[or D*]m)=Mgo{ B—D[or D*]m)
®_ Gr +Miond B—D[or D*]m). (2)
H,, ' =—=U U, sa;0;,+a,0,+H.c}, (1)
v \/E cbucl 21011 2,0; ) We study the long distance amplitude for these decays

I — o using a hard pion technique. In our hard pion approximation,
where O, = (cb) (du), and O,=(cu) (db), with (q'd).  the amplitude for theB(p;)—D(p,)[or D*(p,)]m(k) de-
=q'y,(l—vs)q. The  Cabibbo-Kobayashi-Maskawa cay can be given big]

(CKM) matrix elementU;; is taken to be real sinc€P

invariance is always assumed in this Brief Report. M|ong(B_—>D[0r D*]m)=Mgr(B—D[or D*]m)
The factorization prescription has been supported by two _
different kinds of arguments based on QCD: i.e., one in the +Mg(B—D[or D*]w),

color degree of freedorl,— < limit [3] and the other in a 3
specific kinematical limitf4]. However, phenomenological

analyseg1,5] in two-body decays oB mesons based on the \hich can be obtained by extrapolatikg-0 in the infinite

factorization suggest that the value @f to reproduce the momentum framdIMF), i.e., p;—. The equal-time com-
observed branching ratios for these decpy$] should be  mytator(ETC) term

larger by about a factor of 2 than the one expected from

perturbation theory2,7] with N.=3 and its sign should be — i _
opposite to the one in th¥.— limit. It implies that the Merc(B—D[or D*]m)=—(D[or D*]|[VzH,]B)

large N, argument fails, at least, in nonleptonic decays of i (4)

B mesons and that the factorization of the decay amplitude

may hold only in the specific kinematical condition which js of the same form as in the old soft pion approximaiigh
may be realized in thB— D« andD* = decayq4]. It also  but now has to be evaluated in the IMF. The surface term is
seems to suggest that, even in the decayB afesons with  given by a sum of all possible pole amplitudes:

2
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wheren and/ run over all possible single mesons, not only ordinry }, but also hybrid qqg} and exotic/qqqqg } mesons.
Because of large symmetry breaking in flavor $4) and SU(5) [10], we do not symmetrizéor antisymmatrize the
amplitude for theB—D(or D*)# decay under the exchange of theand 7 in the final statdor theB and = in the crossed
channel in this Brief Report in contrast with our previous wdrkl]. In these decays, however, excited meson contributions
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will be neglected since thB meson massng is much higher than those of charm mesons and since wave function overlap-
pings between the ground-stdigq }, and excited-state meson states are expected to be small.

Although the symmetry breaking of flavor ${41) and SU(5) is not small,asymptoticmatrix elements oV andA,,
(matrix elements taken between single hadron states with infinite momgatenassumed to satisfy

(O e ) = V2KV | KO = = V2(D V14| DY) = V(B V.1 [BY) = -- =2,
(PO1A | )= V2(K* | A= [KO) = = V2(D* *[A,+| D% = VZ(B* T A [BY) = - =h, ®)

which can be obtained by using the asymptotic;@) symmetry[12], or an SU(5) extension of the nonet symmetry in
SU;(3). The SU(4) part of the above parametrization reproduces WER| the observed values df(D* —D)’s and
I'(D* —Dy)’s. Thus the hard pion amplitudes in the present approximation are controlled by the asymptotic ground-state
meson matrix elements &, .

The amplitude, Eq(3) with Egs.(4) and(5), can be regarded as its decomposititd] into (continuum contribution +
(Born term), which is a natural description of dynamical hadronic processes. The continuum contribution will develop a phase

relative to the Born term. Since thi2# final state can have isospir= 3 and 3, we decompos®/ g1 as

Merc(B%—D* m) = VIMEe s+ VEMEe' s, ™
Merd(B7—Dn%)=—/3M el %3+ Vim Erce' L, (8)
Merd(B™—D7") = V3Mree'™, ©

whereM(EzT')C is the isospin eigenamplitude with isospimnd &, is the corresponding phase shift introduced. The correspond-
ing decomposition oM gr(B— D* 7r) can be obtained by replacind 3L and 6, by ME{Z) and &3 in Egs.(7)—(9). In this
way we can obtain the following approximate expressions of the long distance amplitudes Bor-ther decays:

_ DO|H, |B® _ _ D*OH,|B% [ m2—m? 1
'V||ong(BO—>D+77'7)2_i—< dall d>[[%49'51_ 3'53]_< 0| W|—od> ZB = Sht+---p, (10
fo (D°IH,,/Bg) \mg—mp, ) V2
_ DOH,BY (V2 .
M.ong(BO—>D°7T°)z—iM{g[ze'ﬁue'ﬁs]
1(D*H,|BY [ md—m2 | (DIH,/B5%( mi-md\] /1
V3 o= | | 2 o 80 | mE—mz) [N (4D
(D%[Hy|Bg) |\ Mg~ Mgy (D°[Hy|Bg) | Mg —mp
DO|H,,|BC A DOH,|B*%) [ m2—m? 1
Mlong(B_—>DO7T_)2—i—< lfW| d>{—e'53+< (|) W|io> ZB D2 §h+ , (12)
m (D°[Hy|Bg) | Mg« —mp

where the ellipses denote the neglected excited-state mes@Rserved rat¢6] I'(p— ) exp= 150 MeV, the asymptotic
contributions. The corresponding amplitudes for thematrix element ofA, is estimated to bé¢h|=1.0[8,15] by
B—D*n decays can be obtained by replaciBy«— D*° using partially conserved axial-vector currelBCAC's).
and 8, — &% in Egs.(10)—(12). Thg :b’ovle rgsult otn me (l':\symg_tottic matrix ?ieg\entlﬁtgfd .
To evaluate the above amplitudes, we need to know th&"9 =S '€ads Us 10 Ine ‘fong distance ampliiudes fisted in

sizes of the asymptotic matrix elements ldf, and axial e second column of Table I, where the CKM matrix ele-
ymp ments are factored out.

chargedA’s taken between heavy meson states. To estimate We now review the factorized amplitudes as the short

the former, we use the factorization prescription since th%istance contributions to th&—Dx and D* 7 decays

heavy mesons will annihilate at the weak vertex in the weak . . . . .
boson massn,—c limit. Then they can be described in which have been studied by using the factorization prescrip

; tion. The calculated branching ratios for tle~D 7 and
f th fox, f fox. . .
term~s O~t e decay constanjg e e andNB using decays have been listed[ib,2]. In the third column of
for=fp=0.22 GeV andfg« =fg=Mp/mgfp=0.13 GeV . : i .
. . ol B0 Table I, we list the factorized amplitudes which are compat-
as in [2,5, we obtain (D°|H,|B°)=V V4 —0.372,}

e > 0 B 21 ible with these expressions of branching ratios[1rb], the
x10 GeVZ,  (D*°|Hy|B”) =V pV4{0.2885} X 10 values ofa; anda, to reproduce extensively the observed

GeV?, (DYH,|B*°)=V,,V q4{ —0.288,} X 107° GeV?, and  branching ratios for two-body decaysBfmesons have been
(D*OH,,|B*%)=V,V,4{0.38,} X 10°° GeV?. From the searched for. Since the long distance contributions were not
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TABLE I. The amplitudes for th&— D andD* m decays.

Decay Along(107° GeV) Agnor(107° GeV)
B0t 1 s s 32
B"—D" —2.8a,) =[ 4€'°1— €'3]+0.55 1.54 1+0. —
3 1 a,
0 0,0 _ - i i6; _
B D% 2.8a2{ 5 [2€/%1+€/%]+0.06 134\ 555 Gan GeV
B —D% 2.82,{€'%—-0.47 1.548,{ 1+1. 22(—2)}
l
RO *+ - 1 i 5% i % 2
B°—D*"x 2.2a2{§[4e 1— ¢ 3]+0.91] -1.53, 1+03(—)]
l
_ V2
0 *0,_0 - i (R
B~ D* 07 2.2a2[ (267 +€/%1-0.04 1.34, 022 oy
- a
B~ —D*O7" —2.22,{€'% - 0.97 ~15%, 1+1.29(a—)]
1

sufficiently considered, however, the valueagfto give the long as the values of the Wilson coefficients expected from
best fit was far from the one expected by the perturbatiorthe perturbation theory withi,.=3 are taken.
theory as discussed earlier. o We have seen above that our ratios of the decay rates can
We are now ready to estimate the rates for Bre D reproduce well the observed ones when we take the reason-
andD* 7r decays by taking a sum of the hard pion amplitudeable values of the Wilson coefficients in the effective weak
(the second column in Table &nd the factorized amplitude Hamiltonian and the strong interaction phases. Therefore we
(the third column in Table)las the total amplitude. How- are now interested in the decay rates for BvesD 7 and
ever, the value olJ., still contains large ambiguitiefg], D* 7 decays. However, the value bf;, is still ambiguous
U.,=0.032-0.048. To get rid of this uncertainty, we first as shown before. We here tallg,=0.045 as if2,5]. Using

consider the following ratios of decay rates: the observed lifetimg6] 7(B~)=7(B%=1.5x10"1? s, we
B o =5 0.0 obtain the branching ratios listed in Table Ill, although they
R (B —D") _ (B =D still contain large ambiguities arising from the uncertainty of
! r(B°-D"7")’ 2°T(B —=D% )’ U.,. We can see that the long distance contribution is truly
small but still can interfere efficiently with the main ampli-
['(B~—D*%") F(E%D*Oﬂ'o) tude arising from the short distance contribution. If the short

distance contributions were not taken into account, the cal-
culated branching ratios for thB— D and D* 7 decays
— N would be much smaller than the observed ones as seen in
I'(B°—D**7") ; RO_. 0,0
Re=———————. (13)  Table lll. [In our previous work11], theB"—D"x" decay
I'(B°—=D"7") could not be suppressed because of the assumed dominance
of long distance physics. Since we now do not assume its
We here take the values of the Wilson coefficientsgominance in this Brief Report, however, the present value
a,=1.03 anda,=0.11 which are expec*t?d from*p]erturbatlon of B(B°—>D° % is compatible with the experimehtThe
';heory Wlth NC'—3 [2f,7]. The phaseﬁ[ | .hand 5[ © arising calculated  branching  ratios B(B— D m)gngsshor  and
rom con.trlb.utlonis of nonresonant multihadron intermediat (B—D* 1) ong+ shor although still involving large ambigu-
states with isospin= 1 and 2 have not been measured by .
experiments(Resonant contributions have already been ex- TABLE II. Ratios of the rates for the— D 7 andD* 7 decays.
tracted as pole amplitudes Mg, although they were not The ratiosR;—Rs are defined in the text. The values of the Wilson
very important and neglected sinoe; is so high and far coefficientsa;=1.03 anda,=0.11 are taken. The values of the
beyond the charm resonance regjdiowever, the nonreso- strong interaction phase = 67 =60° andd;= 63 = —35° are ten-
nant phase shifts will be restricted in the region tatively chosen. The data values are taken from REf.
| 6551 <90°. We here assumé,;= 8% and 6;= 63 sinceD
andD* are degenerate under the strong interactions in heavy

Ratio Short Shortlong Experiment

quark effective theoryf16]. Then our calculated ratios of R, 1.25 1.94 1.89 0.26+0.32
rates, Eqs(13), for 40°<|8}*/|<80° and| 85" )| <80° repro- R, 0.01 0.06 <0.09
duce well the observed ones. As an example, we list our R, 1.22 1.70 2.080.37+0.28
result for 5;= 87 =60° andd;= 85 = —35° in Table II. As R, 0.01 0.04 <0.2
discussed earlier,Rj)short,i =1 -5, which include only the Rs 0.97 1.03 1.120.19+0.24

factorized amplitudes, do not reproduce the observed ones as
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TABLE lll. The branching ratios (%) for the8—D= and In summary, we have investigated tH@—Dw and
D*m decays. The values of the CKM matrix elements D* 7 decays by assuming that the amplitudes are given by a
Ucp=0.045 andU,4=0.98 are taken. The values of the other pa- sum of long and short distance contributions. The long dis-
rameters involved_are the same as in Table Il. The observed lifgance amplitudes have been calculated by using a hard pion
time [6] 7(B™)=17(B%)=1.5x10 '?s is used. The data values are approximation and, as the short distance amplitudes, the
taken from Ref[1]. usual factorized amplitudes have been taken. The size of the

long distance contribution to the— D« and D* = decays

Decay Biong  Bshot  Bshorttlong Bexpt has been estimated to be rather small in these decays but still
— not negligible. By taking reasonable values of the phase
0 - . L= . . K
B__>D+7T 0.040 0.49 0.28 0.280.12 shifts arising from the final state interactions, the observed
BO— D% 0.017  0.02 0.03 <0.048 branching ratios for these decays have been reproduced in
B —D%" 0.007 0.74 0.55 0.550.11 terms of a sum of the hard pion amplitude and the factorized
BOLD* T 0.030 0.52 0.27 0.260.08 amplitude by taking the values of the Wilson coefficients
B0, D*0,;0 0008 002 0.02 <0.055 a; anda, from perturbation theory wittN.=3. This implies
B~ D*0m 0.005 0.75 047 0590.17 that, in hadronic weak interactions 8f mesons, short dis-

tance physics is not sufficient but long distance hadron dy-
namics should be carefully taken into account.

N o ) To determine the size of long distance effects on the
ities arising from the uncertainty df.,, reproduce the ob- =—

served ones. It implies that the long distance hadron dynam?HDTr decays, measurements of the decay rate

ics _ improves remarkably B(B—Dm)ghotr and

B(B—D* ) gno» Which include only the factorized ampli-
tudes.

(B%—D%7% are inevitably important.
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