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B—D.m and the tree amplitude inB—at a7~
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The recently observed dec&/— D 7~ is expected to proceed mainly by means of a tree amplitude in the
factorization limit:B°— 7~ (W*)*, (W")* =D/ . Under this assumption, we predict the corresponding con-
tribution of the tree amplitude tB°— 7+ 7~. We indicate the needed improvements in data that will allow a
useful estimate of this amplitude with errors comparable to those accompanying other methods. Since the
factorization hypothesis for this process goes beyond that proved in most approaches, we also discuss inde-
pendent tests of this hypothesis.
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The two-body hadronic decay proceBS— #*7~ has method can be applied to determinifig for B®—p™ 7,
been of great interest for a long time in the searchG&  where the subscrig® indicates that the spectator quark goes
violation in B decays. Its branching ratio, smaller than oneinto a pseudoscalar meson in the final state.
typically estimates on the basis of factorization and domi- TheB— m weak transition matrix element is convention-
nance of the tree-level amplitude may owe some suppres- ally parametrized in the following way by two independent
sion to destructive interference betwe€rand the penguin form factors:
amplitudeP [1-3]. This interference could provide informa-

tion on both the weak phase= ¢, and the relative strong o mé —m?
phase of the tree and penguin amplitudes. Both quantities are<7r(p)|U'yMb|B(p+ q))= 2p+q—q—2” F.(q%)
helpful in testing the current picture &P violation based q L
on phases in the Cabibbo-Kobayashi-Maska®@&M) ma-
. . .. 2 2
trix. However, to answer the question of tree-penguin inter- Mg — Mz )
ference inB®— 7" 7~ requires improved knowledge ¢T| t0u e Fo(a%). (1)

and|P|. Since the tree amplitude is the dominant contribu-
tion to B— 7" 7, better knowledge of its magnitude is a
key step toward such an improvement.

Within the factorization framework, if one simply takes
form factor models and computes the tree level amplitude of

Assuming factorization, the decay widths oB°
—DJ 7~ andB%— 7" 7 (treg decay(as shown in Fig. 11
are given by

B—a*m, a significant error will be obtained because of G2 2\?
the large uncertainties in the form factor at large recoil, F(BO—>DS+7T_)=§|V3chs|2f%SmB 1-—
Fo(g°—0), and in|V,,|. Both of them have an error about ™ Mg

25%, resulting in an error of more than 35% [af).

In this Brief Report, we use the newly measured mode
B®—DJ 7~ [4,5] to estimatd B~ 7" 7). The uncer-
tainty can be reduced because in the ratio Igf.{ B° G2 2\ 2
—at77)/IT(B’-Dg ) the dominant error comes from T (B’ mt7 )= —F|ijqud|2f,27mB( 1- —;)
the weak decay constant Bf;. Within the next two years, 32m Mg
the CLEO-c program is expected to substantially improve
the accuracy on various charm sector parameter measure-
ments, incIudinngs. Therefore, we propose an alternative

method to determinel for the B°—#*#~ decay. This () )
method generally relies on a simple assumption about the w w
pole structure of the relevarB— 7 form factor to relate % b
these two processes at small and large recoil. The sam
d_)ﬂ\ﬁ d_)x\ﬁ
d

d

XN (mg,mp_,m7)af|Fo(mp )%, 2)

XN(m3,m2,m?)a2|Fq(m?)|?, )

)
al
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where \(a,b,c)=\a’+b%+c’—2ab—2ac—2bc and a,
=1 is the Wilson coefficient. Note that onfy,(g?) contrib-

utes in these two decay modes. To illustrate our method, we

will use the form factor model proposed|[i], whereF 4(q?)
has the following single pole structure:

Cg(l—ap)

S 4
1—q?/(Bgmis) @

Fo(a®)=

A lattice calculation by Abadat al.[7] givesFy(0)=cg(1
— a)=0.26+0.05+0.04 andBg=1.22+0.14"333.
Let us define the ratio
Bired BO— ™ )

B(BO—>D;’777)

&=

IV wao(mfr) ?

Vedl 5 Fo(m3)

2 2 2
~ A(mg,m7z,m7)

©)

B 2 2 2
)\(mBimDsymﬂ')

In this ratio, the dependence upbg(q%=0) and|V,,| dis-

appears and, therefore, some large sources of uncertainty
avoided. Neglecting the errors on meson masses, the p

decay constantf,.=131 MeV, and the CKM matrix ele-
ments (taking |V,4 =|V.d as suggested by unitarjtyone
sees that the major error §5 comes from those deS and

Bg . In comparison with the error fron8g, which is given
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B(B°=D{ 7 )XB(D—¢mt)

=(1.11+0.37+0.22 x 10 © (7)

based on a data sample of 56.4 that Y (4S) resonance,
where the first error is statistical and the second is system-
atic. Using Eq.(6), we immediately have

Btree(BO‘)W+7T_)
2

. (8

3.6%

=6.7(1+0.4)x10 6| —————
( B(DI—¢n™")

Adding all the errors in quadrature, including thatB(D
—¢m"), we obtain

Byed B°— 7" m7)=6.7(1+0.64 X 10" ©,

|T|=2.6(1+0.32x10 3. 9

This is in good agreement with the values obtainedig|
and[11]. As stated before, direct calculation from E®)
including the errors fromV,| andFy(0) will have an un-

ig(%zgrtainty in the branching ratio at least as big as 70%, which

would render the information useless.

As is obvious from the above analysis, the accuracy on
the branching ratio ob; — ¢7* plays a crucial role in the
determination of T|. It is thus of great importance to lower
its error. The CLEO Collaboration proposes to explore the

by the lattice determination as mentioned earlier, a good pOlsharm sector starting early 2003. CLEG42] will be able

tion of the uncertainty in the ratigg resides in the experi-
mental determination of thB¢ decay constant.
Current experimental determination Qj‘,s uses the had-

ronic decay moded, — ¢+
measures the ratio &f(DJ — € " v)/B(DJ — ¢m"). There-

fore, the systematic error is dominated by the knowledge ofjo\v the statistical error

B(DJ—¢m™), which has a 25% errof8]. Based on an
experimental average of rates fo— wv andD¢— 7v [9],
we will usefp_=(270+ 16)\/B(D; — ¢7")/3.6% MeV for

as a “standard candle” and

to reach an accuracy of 1.9% ##DJ — ¢= ") and in turn
1.7% onfp_. This will improve our determination ofT|
considerably. Moreover, if the data are enlarged from the
current 56.4 fb ! sample at BaBar to a combined BaBar and
Belle sample of 300 fb!, one expects to be able to bring
onB(B°~DJ 7 )xB(DJ
—¢m") by a factor of~2.3. With such reduced errors on
fp_ and statistical error on the branching ratio product, our

knowledge ofB,.d B°— 7" ™) can be improved to give

our numerical calculation, where the error is purely statisti-

cal. Here we single out the systematic error accompanying
the B(DJ — ¢7™) mode. We will discuss its impact on the

precision determination By B°— 7" 7).

We first take the current valud(DJ — ¢m")=(3.6
+0.9)% [8]. Sincef%S is proportional to the ratia3(DJ
—u () v)IB(DS — ¢m™), we predict

&s=(0.216+0.027) (6)

3.6%
B(DS—¢pm")|

where we have combined the statistical error frb[g; and
the error fromBg, leaving the systematic error tbgs in the

square brackets. AlthoughBg has an error of~13% by it-
self, it only results in a~3% error inég. The statistical
error of fp, on the other hand, gives a dominantl2%

error.

The BaBar Collaboratiof4,5] has recently measured the

product

Byed BC— 7" 77 )=6.7(1+0.25 X106,

[T|=2.6(1+0.13 10 3. (10)
Now the error is dominated by the uncertainty B{B°
—DJ 7 )XB(DJ — ¢m"). Aside from reducing the statis-
tical error as mentioned before, it is also possible to reduce
the systematic error by, for example, improving the tagging
techniques.

The anticipated error in Eq10) is not as good as that
(about 5% foreseen in Ref.10] on the basis of forthcoming
studies oB— w€ v. Instead, it provides a cross-check of the
factorization hypothesis for the case in which the weak cur-
rent produces ®. Present attempts to justify that hypoth-
esis (see, e.g.[13]) do not expect it to be valid when the
weak current produces such a heavy color-singlet meson. If
we take the central values for the parameters appearing in
Eq. (2), however, we obtain B(B°—~DJ 7w )=2.9
X 1075(|V,//0.0036¥, consistent with the result presented
in Refs.[4,5]. Therefore, current data do not indicate any
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breakdown of factorization fobg or D¥ production by the

weak current, but more conclusive tests are ne¢ddH
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where the first error comes frofg, the second error comes
from ag, and we have taken the central valuefgfS men-

The above method can be similarly applied to the detertioned previously. Considering the same physics reach at

mination of the tree amplitud&p in the B°—p* 7~ decay
using the experimental branching ratioBf—D_J 7. Us-
ing the same notation introduced before,
G2 A(m3,m2,m2)\3
[yed B°—p ™ )=E|V’Jqud|2f§ m—Bp

xaZlF., (m2)[?, (1)

wheref,=208 MeV (see, for example, Ref15]). We con-
sider an analogous ratio

Bired BO_>P+7T_)

B(B°=DJ7")

és

2 2 233
A(mg,m;,m7)

-2
( mi)
T4 2 2 2 Y
mg\ (Mg, mp_,m7) mg

2
IVydl pr+(m§)

|Vcs| f DsF ol m%s)

12

CLEO-c and BaBar discussed in the previous section, we
obtain

Byed B°—p 77 )=16.11+0.25x 105,

|Tp|=4.1(1+0.13 X103, (15)

where the latter number agrees well with the estimate given
in Ref.[15]. One may also contemplate estimating the above
quantities using the ratio Byed B°—p* 7w )/ B(B°
—D¥ " #7). This has the advantage that the dependence on
Bg disappears because both of #® modes involve only
the form factorF, . Although it is not observed yet, the
branching ratio ofB°—~D? * 7~ is estimated to be of the
same order as that & —D_ 7, except that it will have a
bigger error due to the detection efficiency iD¥ * decay.
Currently, the BaBar group observes a®laint of the decay
and sets an upper lim#(B°—DZ* * 77)<4.3x 10" ° at 90%
confidence level5]. Nevertheless, a measurement of the
former mode will still serve as a useful check.

We have shown in this Brief Report that within large ex-
perimental uncertainties the present measurement of the
branching ratio foB°—DJ 7~ is compatible with the fac-

This ratio generglly involves additional model dependencqorizaﬁon hypothesis for production of the heavy me&gh
because ofF,(q°). Reference[7] suggests the following py the weak current. Improvements in déferticularly in

parametrization:
Ce(l—ap)
(1—g*mZ. ) (1— agg?/mz,)’

F.(g®)= 13

where ag has a value of 0.400.15+0.09. Again,F_(0)

cancels withF,(0) in the ratio in Eq(12) and we find

1+ ( AB(Dg—<€v)
B(Dg—{€v)

£6=(0.541+0.018+0.009

3.6%

e -

the knowledge of3(D — ¢7*)] are pinpointed which will
permit a more conclusive test of this hypothesis. It is also
shown how observation of the decB)—D¥ * 7~ can pro-
vide a value of the tree amplitude BP— p* 7~ which can

be compared with that obtained through other me@es,
e.g., Ref[15]) to further test factorization in this unexpected
domain of its validity.
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