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Abstract

The widths of a class of two-bodȳB0
s decays induced byb → cūd andb → cūs transitions are determined in a mode

independent way, usingSU(3)F symmetry and existing information on̄B → D(s)P andB̄ → D(s)V decays, withP andV a
light pseudoscalar or vector meson. The results are relevant for theBs physics programmes at the hadron colliders and at
e+e− factories running at the peak ofΥ (5S).
 2005 Elsevier B.V.Open access under CC BY license.
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In the next few years an intenseBs physics pro-
gramme will be pursued at the hadron colliders,
Fermilab Tevatron and the CERN LHC, and at t
e+e− factories running atΥ (5S). The programme in
cludes precise determination of theBs–B̄s mixing pa-
rameters and search for CP violating asymmetrie
Bs decays, with the aim of providing new tests of t
Standard Model (SM) and searching for physics
yond SM. The analysis of rareBs transitions is anothe
aspect of the research programme, with the same
of looking for deviations from SM expectations.

The knowledge of nonleptonicBs decay rates is o
prime importance for working out the research p
gramme. For example,Bs–B̄s mixing can be studied
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usingBs two-body hadronic decay modes in additi
to semileptonic modes. It is noticeable that the wid
of a set of two-body transitions can be predicted i
model independent way, using the symmetries of Q
and available information onB decays. We are refe
ring in particular to a class of decay modes induced
the quark transitionsb → cūd andb → cūs, for ex-
ample those collected inTable 1.

The key observation is that the various decay mo
are governed, in theSU(3)F limit, by few independen
amplitudes that can be constrained, both in mo
and in phase differences, from correspondingB decay
processes.

Considering transitions with a light pseudosca
meson belonging to the octet in the final state,
scheme where the correspondence can be establ
involves the three different topologies in̄B0

s decays
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Table 1
SU(3) decay amplitudes for̄B0

s → D(s)P decays, withP a light
pseudoscalar meson. In the last column the corresponding bra
ing fractions predicted using the method described in the text
reported

Decay mode Amplitude BR

B̄0
s → D+

s π− V ∗
ud

VcbT (2.9± 0.6) × 10−3

B̄0
s → D0K̄0 V ∗

ud
VcbC (8.1± 1.8) × 10−4

B̄0
s → D0η8

1√
6
V ∗

ud
Vcb(2C − E)

B̄0
s → D0η0 V ∗

ud
VcbD

B̄0
s → D0η (4.1± 2.3) × 10−4

B̄0
s → D0η′ (1.9± 1.6) × 10−4

B̄0
s → D0π0 − 1√

2
V ∗

usVcbE (1.0± 0.3) × 10−6

B̄0
s → D+π− V ∗

usVcbE (2.0± 0.6) × 10−6

B̄0
s → D+

s K− V ∗
usVcb(T + E) (1.8± 0.3) × 10−4

induced byb → cūd(s), namely the color allowed
topologyT , the color suppressed topologyC and the
W -exchange topologyE. The transition in theSU(3)

singletη0 involves another amplitudeD in principle
not related to the previous ones. Notice that the ide
fication of the different amplitudes is not graphical
is based onSU(3) [1]. SinceB̄ → DP decays induced
by the quark processesb → cūq (q = d or s) involve a
weak Hamiltonian transforming as a flavor octet, us
de Swart’s notationT (µ)

ν for theν = (Y, I, I3) compo-
nent of an irreducible tensor operator of rank(µ) [2],
one can write:HW = VcbV

∗
udT

(8)
01−1 + VcbV

∗
usT

(8)

−11
2− 1

2
.

When combined with the initial̄B mesons, which form
a (3∗)-representation ofSU(3), this leads to(3∗), (6)

and(15∗) representations. These are also the repre
tations formed by the combination of the final oc
light pseudoscalar meson and triplet D meson. Th
fore, using the Wigner–Eckart theorem forSU(3), the
decay amplitudes can be written as linear comb
tions of three reduced amplitudes〈φ(µ)|T (8)|B(3∗)〉,
with µ = 3∗,6,15∗, which are independent of th
quantum numbersY, I, I3 of the Hamiltonian and the
initial and final states. By appropriate linear combin
tions of the three reduced amplitudes one can ob
a correspondence with the three topological diagra
of the various decay modes. The combinations co
spond toC, T andE in Table 1, i.e., the color sup
pressed, color enhanced and W-exchange diagr
respectively. TheSU(3) representation forB decays
is reported inTable 2.
,

Table 2
SU(3) parameterization of̄B → D(s)P decay amplitudes induce
by theb → cūd andb → cūs transitions, together with the exper
mental results reported by the Particle Data Group[3]

Decay mode Amplitude BR[3]

B− → D0π− V ∗
ud

Vcb(C + T ) (4.98± 0.29) × 10−3

B̄0 → D0π0 1√
2
V ∗

ud
Vcb(C − E) (2.91± 0.28) × 10−4

B̄0 → D+π− V ∗
ud

Vcb(T + E) (2.76± 0.25) × 10−3

B̄0 → D+
s K− V ∗

ud
VcbE (3.8± 1.3) × 10−5

B̄0 → D0η8 − 1√
6
V ∗

ud
Vcb(C + E)

B̄0 → D0η0 V ∗
ud

VcbD

B̄0 → D0η (2.2± 0.5) × 10−4

B̄0 → D0η′ (1.7± 0.4) × 10−4

B− → D0K− V ∗
usVcb(C + T ) (3.7± 0.6) × 10−4

B̄0 → D0K̄0 V ∗
usVcbC (5.0± 1.4) × 10−5

B̄0 → D+K− V ∗
usVcbT (2.0± 0.6) × 10−4

ConsideringTable 2one realizes that the threēB →
DK experimental rates could allow to obtain|T |, |C|
and the phase differenceδC − δT . This was already
observed in[4], and can be recast in the determinat
of the two independent isospin amplitudesA1 andA0
for I = 1 andI = 0 isospinDK final states:A(B− →
D0K−) = √

2A1, A(B̄0 → D+K−) = 1√
2
(A1 + A0)

A(B̄0 → D0K̄0) = 1√
2
(A1 − A0).

Taking into account the difference of theB− and
B̄0 lifetimes: τB− = 1.671 ± 0.018 ps andτB0 =
1.537± 0.014 ps, but neglecting the tiny phase spa
correction due to the difference betweenpD0K− =
pD0K̄0 = 2280 MeV andpD+K̄− = 2279 MeV, with
p the modulus of the three-momentum of one of
two final mesons in theB rest frame, one would obtai
allowed region forA0/A1 at various confidence leve
by minimizing theχ2 function for the three branch
ing ratios and plotting theχ2 contours that correspon
to a given confidence level, as done inFig. 1. Due to
the quality of the experimental data and to the corre
tion between|A0/A1| andδ0 − δ1, the allowed region
is not tightly constrained, in particular the phase d
ference could be zero.

We pause here, since we can elaborate once m
about factorization approximations sometimes ado
for computing nonleptonic decays, in this case
B mesons[5]. In Fig. 1 we have shown the predic
tions by, e.g., naive factorization, where the de
amplitudes are written in terms ofK and D me-
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Fig. 1. Ratios of isospin amplitudesA0/A1 for B̄ → DK transi-
tions obtained from data inTable 2. The contours correspond to th
confidence level of 68% (continuous line), 90% (dashed line)
95% (long-dashed line), with the dots inside showing the resu
the fit. The dots along thex axis correspond to the results of nai
factorization.

son leptonic constantsfK and fD , and theB → D

andB → K form factorsF0: A(B̄0 → D+K−)F =
i GF√

2
VcbV

∗
usa1(m

2
B − m2

D)fKFB→D
0 (m2

K) and

A(B̄0 → D0K̄0)F = i GF√
2
VcbV

∗
usa2(m

2
B − m2

K)fD ×
FB→K

0 (m2
D). The result of this approach correspon

to vanishing phase difference; usinga1 = c1 + c2/3
anda2 = c2 + c1/3, with c1 andc2 the Wilson coeffi-
cients appearing in the effective Hamiltonian induc
the decays (for their numerical values we quotea1 =
(1.036,1.017,1.025) and a2 = (0.073,0.175,0.140)
at LO and at NLO (in NDR and HV renormalizatio
schemes) accuracy, respectively[6]) we obtain results
corresponding to the dots along the horizontal axi
Fig. 1, which do not belong to the region permitted
experimental data at 95% CL. In generalized factor
tion, wherea1 anda2 are considered as parameters,
phase difference is constrained to be zero, too. Th
allowed by the experimental data on these three ch
nels, but excluded if one considers all channels, as
shall see below.

Coming to bounding the decay amplitudes,
four B̄ → Dπ and B̄ → DsK decay rates canno
determineC, T , E and their phase differences[7].
B̄ → DsK only fixes the modulus ofE, which is not
small at odds with the expectations by factorizati
whereW -exchange processes are suppressed by r
of decay constants and form factors and are usu
considered to be negligible. Moreover, the presenc
E does not allow to directly relate color favouredT

or color suppressedC decay amplitudes inDπ and
DK final states. What can be done, however, is to
all the information onB̄ → Dπ,DsK andDK (7 ex-
perimental data) to determineT , C andE (5 parame-
ters). A similar attitude has been recently adopted
[8]. Noticeably, the combined experimental inform
tion is enough accurate to tightly determine the ran
of variation for all these quantities. InFig. 2 we have
depicted the allowed regions in theC/T and E/T

planes, obtained fixing the other variables to their
ted values, with the corresponding confidence lev
It is worth noticing that the phase differences betwe
the various amplitudes are close to be maximal;
signals again deviation from naive (or generaliz
factorization, provides constrains to QCD-based
proaches proposed to evaluate nonleptonicB decay
amplitudes[9–11] and points towards sizeable lon
distance effects inC and E [12,13]. To obtain the
amplitudes we have fixed the ratio|Vus/Vud | to the ex-
perimental result:|Vus/Vud | = 0.226± 0.003, and we
have taken into account the phase space correction
to pDK , pDπ = 2306 MeV andpDsK− = 2242 MeV.
We obtain|C

T
| = 0.53± 0.10, |E

T
| = 0.115± 0.020,

δC − δT = (76± 12)◦ andδE − δT = (112± 46)◦. We
have to mention that the accuracy of the fit is not p
ticularly high sinceχ2/dof= 2.3, i.e., a fit probability
of 10%. This is entirely due to a single entry inTable 2,
the branching fraction ofB− → D0K−. We have re-
ported the PDG value corresponding to the averag
two measurements, by CLEO((2.92± 0.84± 0.28)×
10−4) and Belle((4.19± 0.57± 0.40) × 10−4) Col-
laborations, with the error including a scale factor 1
The fit favours a smaller value: for example, using
CLEO result theχ2/dof drops to 0.3 without sensibly
modifying the results.

With the results for the amplitudes we can det
mine a number ofBs decay rates, and the predictio
are collected inTable 1. The uncertainties in the pre
dicted rates are small; in particular, theW -exchange
induced processes̄B0

s → D+π−,D0π0 are precisely
estimated[14].

Considering the decays withη or η′ in the final
state, they involve the amplitudeD corresponding to
the transition in aSU(3) singletη0, and theη–η′ mix-
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Fig. 2. Ratios ofSU(3) amplitudes obtained from data inTable 2. The contours correspond to the confidence level of 68% (continuous
90% (dashed line) and 95% (long-dashed line); the dots show the result of the fit.

Table 3
Experimental results for the branching fractions ofB̄ → D(s)V decays induced by theb → cūd andb → cūs transitions as reported by th

Particle Data Group[3]. The predictions forB̄0
s decays obtained using the method described in the text are reported in the last column

Decay mode BR[3] Decay mode BR

B− → D0ρ− (1.34± 0.18)× 10−2 B̄0
s → D+

s ρ− (7.2± 3.5) × 10−3

B̄0 → D0ρ0 (2.9± 1.1) × 10−4 B̄0
s → D0K̄∗0 (9.6± 2.4) × 10−4

B̄0 → D+ρ− (7.7± 1.3) × 10−3

B̄0 → DsK
∗− < 9.9× 10−4

B− → D0K∗− (6.1± 2.3) × 10−4 B̄0
s → D0ρ0 (0.28± 1.4) × 10−4

B̄0 → D0K̄∗0 (4.8± 1.2) × 10−5 B̄0
s → D+ρ− (0.57± 2.8) × 10−4

B̄0 → D+K∗− (3.7± 1.8) × 10−4 B̄0
s → D+

s K∗− (4.5± 3.1) × 10−4
-
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ing angleθ (in a one angle mixing scheme):

A
(
B̄0 → D0η

) = cosθ

[
− 1√

6
(C + E)

]
− sinθ

D√
3
,

(1)

A
(
B̄0 → D0η′) = sinθ

[
− 1√

6
(C + E)

]
+ cosθ

D√
3
.

If we use the valueθ = −15.40 for the mixing an-
gle [15], we obtain|D

T
| = 0.41± 0.11 without sensi-

bly constraining theD–T phase difference,δD–δT =
−(25± 51)◦. CorrespondingB̄0

s decay rates are pre
dicted consequently.

The key of the success of the programme of p
dicting Bs decay rates is the small number of amp
tudes in comparison to the available data, a fea
which is not common to all processes. Consider
b → cūd(s) induced transitions, one could look
the case of one light vector meson in the final sta
with the sameSU(3) decomposition reported inTa-
bles 1, 2(we denote by a prime the amplitudes
volved in this case).B decay data are collected
Table 3. The difference with respect to the previo
case is that theW -exchange modēB0 → D+

s K∗− has
not been observed, yet, therefore theE′ amplitude is
poorly determined considering only the other mod
Taking into account phase space corrections du
pDρ = 2235 MeV andpDK∗ = 2211 MeV, we obtain
|C′
T ′ | = 0.36± 0.10, |E′

T ′ | = 0.29± 0.37, δC′ − δT ′ =
(48 ± 67)◦ and δE′ − δT ′ = (96 ± 56)◦, with a fit
probability of 85%. The allowed region in theC′/T ′
plane, fixing all the other variables to their fitted va
ues, is depicted inFig. 3. In this case the phase di
ferenceδC′ − δT ′ can vanish. The predictions for̄B0

s

decay rates are collected inTable 3: as anticipated
the accuracy is not high forW -exchange induced de
cays. On the other hand, the prediction for the rate
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Fig. 3. Ratio ofC′ andT ′ amplitudes forB̄ → DV transitions. The
contours correspond to the same confidence level as inFig. 2; the
dot shows the result of the fit.

B̄0 → DsK
∗−: B(B̄0 → DsK

∗−) = (1 ± 5) × 10−4,
is compatible with the upper bound inTable 3.

Considering other decay modes induced by
same quark transitions, namelȳB → D∗

(s)ÊP and

B̄ → D∗
(s)V decays, the present experimental data

not precise enough to sensibly constrain the indep
dent amplitudes and to provide stringent predictio
for Bs . As soon as the experimental accuracy w
improve, a similar analysis will be possible to d
scribe B̄0

s → D∗
(s)P modes, while the three helicit

B̄ → D∗
(s)V amplitudes will be needed to determi

the correspondingBs decays.
Let us finally comment on the possible role

SU(3)F breaking terms that can modify our pred
tions. Those effects are not universal, and in gen
cannot be reduced to well defined and predicta
patterns without new assumptions. Their parametr
tion would introduce additional quantities[16] that at
present cannot be sensibly bounded since their eff
seem to be smaller than the experimental uncertain
Therefore they can be neglected until the experime
errors remain at the present level. It will be interest
to investigate their role when theBs decay rates will
be measured and more preciseB branching fractions
will be available.
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