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Mode(f) B(B̄s → f) (%) B(Bs → f) (%) ∆Γf/Γs (%)

DsD̄sJ (2700) 0.44± 0.18± 0.09 0.02± 0.01± 0.01 0.21± 0.08± 0.04

D∗
sD̄sJ(2700) 2.0± 0.8± 0.4 0.08± 0.03± 0.02 0.73± 0.27± 0.15

D(∗)
s D̄sJ(2700) 2.5± 1.0± 0.5 0.11± 0.03± 0.02 1.9± 0.7± 0.4 a

D∗∗
s D̄sJ (2700) 0.14± 0.08± 0.03 0.02± 0.07± 0.01 0.08± 0.03± 0.02 a

TABLE III. The branching fractions and width difference of B̄s and Bs decays to two-body D(∗,∗∗)
s D̄sJ(2700), where D∗∗

s is
D∗

s0(2317), Ds1(2460), or Ds1(2536).
a The contribution from CP conjugate modes f̄ is included.

suppressed not only by phase space but also by the small transition form factors shown in Eq. (36).

The ∆Γs of D(∗)
s D̄sJ(2700) is 1.9 ± 0.7 ± 0.4%. As the upper bound in Eq. (15d) has shown, the ∆Γs/Γs of

D̄sJ(2700) is limited by the imbalance between the modes in which DsJ(2700) produced in current and with spectator.
Nevertheless, the contribution form DsJ(2700) is larger than those from D∗∗

s and should not be neglected. We note in

advance that in the three-body case, the transition amplitudes from D(∗)
s poles can interfere constructively with the

current-produced DsJ pole and overcome the above mentioned suppression leading to sizable contribution to ∆Γs.

B. Three-body D(∗)
s D̄(∗)K̄(∗) Decays and Contributions to the Width Difference

We now turn to the three-body case. First, we shall compare our results with the measured branching fractions in
Bu,d system, starting from pole model and including NR effect, if necessary. After demonstrating that our calculation
is consistent with data, we proceed to calculate the width difference in the Bs system.

1. Current-Produced Branching Fractions in Bu,d systems

Only current-produced modes with K̄ have been measured in B̄u,d systems. There is no measurement for the rest
of the modes, including current-produced with K̄∗ and all the transition modes. A summary of current data and
our results is presented in Table IV. We separate the results of BaBar and Belle for comparison. Note that in B̄u,d

systems, some of D(∗)D̄(∗)K̄(∗) modes contain color-suppressed diagram, which is a next-to-leading-order effect and is
neglected in this work. We labelled these modes in the remarks of the table, and also add approximation sign in front
of our results. Note that in the calculation of ∆Γs in B̄s system, color-suppressed diagrams only appear in modes

with η(′) and do not affect D(∗)
s D̄(∗)K̄(∗) modes.

According to D or D∗, there are four types of D(∗)D̄(∗)K modes, which are classified into four categories as shown
in Table IV. Modes in each category have similar branching fractions because of SU(2) symmetry. The measured
branching fractions increase from Category 1 (∼ 0.1%) to Category 4 (∼ 1%). One can find tension in measurements
of B̄u → DuD̄0K−. A large D̄sJ(2700) contribution has been observed in B̄u → DuD̄0K− by Belle only [8], while
a 2.2σ disagreement by BaBar [10]. The tension between data becomes more severe if one compares the D̄sJ(2700)
contribution to the total branching fractions of B̄u → DuD̄0K−. In the results of Belle, the contribution from
D̄sJ(2700) is about half of the total branching fraction. However, it is approximately equal to the total branching
fraction given by BaBar. As shown later, the inconsistency makes it difficult to explain all data with a simple pole
model.
The results of our calculation in different scenarios are compared with experiments in Table IV. In Scenario I, D(∗)

s

and DsJ poles are used, while in Scenario I’, only D(∗)
s poles are considered with results shown in parentheses for

comparison. In Scenario II, NR contributions in D̄K̄ time-like form factors are included to demonstrate that the
inconsistency with experiments in Scenario I can be resolved. Note that no NR contribution is introduced for modes
in Category 3 and 4 as the pole model results (Scenario I) already agree with data. Furthermore, as there is no
measurements on transition modes and modes with K̄∗, no NR contribution is applied on these modes. The two
uncertainties of our results are obtained by the same method as in two-body results but with additional uncertainties
from strong couplings included in the first errors.
Despite the disagreement between data, we first attempt to explain all measurements only with a pole model

(Scenario I). The corresponding diagrams can be found in the left portion of Fig. 3 with the spectator quark replaced
suitably. In the calculation, we fix the decay constant of DsJ (2700) from the contribution of DsJ(2700) in B̄u →

•               
•                results agree with early work 
• P-wave Ds

** contribution is negligible 
      (due to mismatch and cancelation) 
• DsJ (2700) contribution is non-negligible  
      (broad width ⇒ consider in 3-body case) 

 

 

Comparing to experimental rates of SU(3) related current-produced modes 

• Need to reproduce existing data of Bu,d decays first:  
           Scenario I: Use pole model with Ds

(*)
 and DsJ poles 

           Scenario II: Include NR effect in current-produced  
• Experimental results can be reasonably reproduced: 
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Scenario II:

Pole contribution + NR in D̄K̄ time-like form factors

Modes with K̄ Modes with K̄∗

Mode(f) BJ (B̄s → f)(%) BT (Bs → f)(%) ∆Γf/Γs(%) Mode(f) BJ (B̄s → f)(%) BT (Bs → f)(%) ∆Γf/Γs(%)

DsD̄
0K− 0.09+0.22

−0.02 ± 0.02 0.04 ± 0.02 ± 0.01 0.08 ± 0.15 ± 0.01 DsD̄
0K∗− (0.07±0.03±0.01) (0.03±0.01±0.01) (0.08±0.04±0.02)

DsD
−K̄0 0.09+0.22

−0.02 ± 0.02 0.04 ± 0.02 ± 0.01 0.07 ± 0.13 ± 0.01 DsD
−K̄∗0 (0.06±0.03±0.01) (0.03±0.01±0.01) (0.08±0.04±0.02)

D∗
s D̄

0K− 0.31+0.74
−0.13 ± 0.13 0.09 ± 0.05 ± 0.02 0.11 ± 0.38 ± 0.02 D∗

s D̄
0K∗− (0.04±0.02±0.01) (0.03±0.02±0.01) (0.07±0.03±0.01)

D∗
sD

−K̄0 0.29+0.71
−0.13 ± 0.13 0.09 ± 0.05 ± 0.02 0.11 ± 0.38 ± 0.02 D∗

sD
−K̄∗0 (0.04±0.02±0.01) (0.03±0.02±0.01) (0.07±0.03±0.02)

DsD̄
∗0K− 0.30 ± 0.18 ± 0.06 0.09 ± 0.05 ± 0.02 0.31 ± 0.21 ± 0.06 DsD̄

∗0K∗− (0.18±0.08±0.04) (0.08±0.04±0.02) (0.24±0.12±0.05)

DsD
∗−K̄0 0.29 ± 0.18 ± 0.06 0.09 ± 0.04 ± 0.02 0.30 ± 0.20 ± 0.06 DsD

∗−K̄∗0 (0.17±0.08±0.04) (0.08±0.04±0.02) (0.24±0.11±0.05)

D∗
s D̄

∗0K− 0.89 ± 0.59 ± 0.18 0.17 ± 0.09 ± 0.03 0.65 ± 0.39 ± 0.14 D∗
s D̄

∗0K∗− (0.05±0.02±0.01) (0.04±0.02±0.01) (0.08±0.04±0.02)

D∗
sD

∗−K̄0 0.86 ± 0.57 ± 0.18 0.16 ± 0.09 ± 0.03 0.64 ± 0.38 ± 0.13 D∗
sD

∗−K̄∗0 (0.05±0.02±0.01) (0.03±0.02±0.01) (0.08±0.04±0.02)

Total 4.5 ± 4.4 ± 0.9a Total (1.9 ± 0.9 ± 0.4)a

TABLE VI. The branching fractions (BJ ,T ) and width difference (∆Γf ) of the three-body D(∗)
s D̄(∗)K̄(∗) modes in scenario II

where D̄K̄ time-like form factors have NR contribution. The notation is the same as in Table V.
a The contribution from CP conjugate modes is included.

and sums their ∆Γs/Γs. The contribution of D(∗)
s only (Scenario I’) can be read from the table. For D̄sJ (2700), its

contribution can be estimated from the two-body calculation (see Sec. III A) with narrow width approximation. We
further check that it decreases from the two-body result 1.9% to 1.7%, when full three-body calculation is imposed. In

the case that D̄sJ(2700) and D̄(∗)
s are sum separately, the total ∆Γs/Γs of modes with K̄ is only 2.6%+1.7% = 4.3%,

smaller than 5.9% in Scenario I. The difference, which is about the size of the D̄sJ contribution alone, shows that

there is a considerable interference between D̄sJ (2700) and D̄(∗)
s poles. Such interference can be understood as the

following. As depicted in Fig. 3, the D̄(∗)K̄(∗) pairs emitted by the current-produced D̄sJ (2700) pole interfere with the

same states from the transited D̄(∗)
s poles in transition diagram. Unlike the highly suppressed Bs → D̄sJ transitions

(see Table III), the Bs → D̄(∗)
s transitions are sizable (see Table I), leading to enhanced B̄s − Bs mixing and ∆Γs.

In short, ∆Γs receives the interference contribution from current-produced D̄sJ(2700) pole (from B̄s decays) and

transited D̄(∗)
s poles (from Bs decays) and bypasses the mismatch of current-produced and transited D̄sJ in two-body

modes. In total, diagrams containing D̄sJ pole contribute more than those with D̄(∗)
s poles only.

One can bound the width difference in Table V by Eq. (15d). For example, the ∆Γf/Γs is bounded to be 0.77% and
0.08% for D∗

sD̄
∗0K− and D∗

sD̄
∗0K∗− mode, respectively. Comparing to ∆Γf , we see that the bounds in modes with

K̄ are higher within 20%, while they constrain ∆Γf very well for modes with K̄∗. The accuracy of ∆Γf estimation

in modes with K̄∗ has to do with the virtual D̄(∗)
s poles. Since the pole contribution of D̄(∗)

s is almost real and so
do the resulting amplitudes. As a result, the suppression from the inequality of Eq. (15b) is tiny for modes with K̄∗.

This demonstrates that the virtual D(∗)
s poles are very efficient to mediate the width difference. On the contrary, the

on-shell DsJ(2700), which plays an important role in modes with K̄, generates complex amplitudes and result in the
suppression of ∆Γf in these modes.
The results of Scenario II are shown in Table VI. Only the first four modes with K̄ are different from Scenario I.

Note that all transition modes and modes with K̄∗ are still the same as in Scenario I since there is no measurement
at all to call beyond pole model. One can read from the table that the ∆Γf of the first four modes (modes with NR)
drop by 50% to 70%. The decrease is caused by the reduction of the branching fractions in current-produced modes.
More than that, the actual ∆Γf moves away from the upper bound in Eq. 15d when the complex NR contribution
are included. In this scenario, the total ∆Γs/Γs is

∆Γs/Γs(D
(∗,∗∗)
s D̄(∗,∗∗)

s ) =(10.4± 2.5± 2.2)%,

∆Γs/Γs(D
(∗)
s D̄(∗)K̄) =(4.5± 4.4± 0.9)%,

∆Γs/Γs(D
(∗)
s D̄(∗)K̄∗) =(1.9± 0.9± 0.4)%,

∆Γs/Γs =(16.7± 7.8± 3.5)%.

(40)

Despite the drop of ∆Γf in modes with NR, the total ∆Γs remains similar to Scenario I because these modes are
not dominant in ∆Γs. Most features are similar to the previous case. The effect of three-body modes is still non-
negligible. It is interesting to see that the central value is more consistent to short-distance calculation. The conclusion
in Scenario I remains the same in this scenario.

Current-produced Transition 

Three Body Contribution to ΔΓs 

Current-produced 
Dominated by DsJ 

Transition 
Dominated by Ds

(*) 

• Final results: 
 
 
 
• Our results agree with the SD ones.  
• Enhancement in ΔΓs if confirmed must have NP origin. 
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Mode(f) B(B̄s,(u) → f) (%)
data

B(B̄s → f) (%)
this work

∆Γf/Γs (%)
this work

DsD̄s 1.04± 0.35
(1.00± 0.17)

1.4± 0.3± 0.3 2.7± 0.6± 0.6

D∗
sD̄s+DsD̄

∗
s 2.75± 1.08

(1.58± 0.33)
1.8± 0.4± 0.4 3.6± 0.8± 0.8

D∗
sD̄

∗
s 3.08± 1.49

(1.71± 0.24)
2.3± 0.5± 0.5 3.8± 0.8± 0.8

D(∗)
s D̄(∗)

s 4.9± 1.4
6.9± 2.3
4.0± 1.5
(4.29± 0.74)

5.5± 1.2± 1.1 10.2± 2.2± 2.1

D(∗)
s D̄∗∗

s , D∗∗
s D̄(∗)

s ,D∗∗
s D̄∗∗

s N/A 2.6± 0.7± 0.5 0.2± 0.3± 0.04

TABLE I. The branching fractions and width difference of B̄s decays to two-body D(∗)
s D̄(∗)

s . The result can be compared with
data in PDG, Belle, HFAG The data of B− system in PDG to Bs under SU(3) symmetry, are showed in the parenthesis for
reference (see text for detail description). The theoretical result in Ref. [3] is also presented for comparison.

III. RESULTS

A. Two-body D(∗)
s D̄(∗)

s Decays and the Width Difference: An Update

We should first update the branching fractions two-body B̄s → D(∗)
s D̄(∗)

s decays and contributions to ∆Γs. The
necessary parameters are given in Appendix A. Our results are listed in Table I. Experimental results and previous
theoretical results from Ref. [3] are also listed for comparison. Note that we also list data of SU(3)-related modes from
Bu,d systems, which are usually more precise than the present one in the Bs system, in parentheses for comparison.
For instance, the data of the branching fraction B(B̄u → DuD̄s), which is approximately the same as B(B̄s → DsD̄s)
under SU(3) limit, is listed. There are two uncertainties in our results. The first uncertainties are obtained by varying
decay constants and form factors by 5%, while the second come from estimated 10% uncertainty of a1.

The branching fractions of D(∗)
s D̄(∗)

s modes are all in percent level. In general, the branching fractions in our result
are smaller than the result in Ref. [3]. These branching fractions can be compared with experimental data in both
Bs and B− system. One can see that our results agree with these experiments within uncertainties. The direct

measurement of B̄s → D(∗)
s D̄(∗)

s exclusive decays is recently reported by Belle collaboration [23] 4. While the observed
branching fraction of DsD̄s mode (1.0± 0.4)% is close to our result, other modes are more align with the calculation

in Ref. [3]. But the world average of the inclusive branching fraction B(B̄s → D(∗)
s D̄(∗)

s ) [? ] and the rates of SU(3)
related modes are closer to our results.
The total ∆Γf/Γs induced by D(∗)

s D̄(∗)
s modes is 10.2 ± 2.2 ± 2.1%. This value is smaller than the previous long-

distance calculation [3] also shown in this table. In addition, the total ∆Γf/Γs does not reach the short-distance

central value in Eq. (6). One also observes that ∆Γs(D
(∗)
s D̄(∗)

s )/Γs is approximately two times of the total branching
fractions. The relation |∆Γs(f)/Γs| ≤ 2

√
B(B̄s → f)B(Bs → f), which corresponds to the maxima in Eq. (15d), only

saturates when the mode(s) f is purely CP -even, such as the DsD̄s mode. The nearly maximal ∆Γf reflects that

D(∗)
s are very efficient to mediate width difference.
Several new cs̄ resonances are found in B decays. They may also contribute to ∆Γs. We calculate the contribution

by the two-body modes withD∗
s0(2317), Ds1(2460), andDs1(2536). Results are shown in Table II. There are additional

21 modes when these higher D∗∗
s resonances are included. Note that not all modes are shown in the table. Since CP

is conserved in this work, B(B̄s → f) = B(Bs → f̄) and ∆Γf = ∆Γf̄ . For modes which are not CP eigenstates, the
contributions from their CP conjugates are also known and should be added to ∆Γs/Γs. The total branching fraction

of these additional modes is comparable to the sum of B(D(∗)
s D̄(∗)

s ). However, the corresponding contribution to the
width difference turns out to be tiny. After considering all of these two-body modes, the total ∆Γf/Γs only increase
slightly from 10.2± 2.2± 2.1% to 10.4± 2.5± 2.2%. There are two reasons for such tiny contribution. First, the sign

4 Note that this measurement does not tag the flavor of Bs meson. Although there should be a corresponding correction to the order of
∆Γs/Γs [4], it is smaller than the theoretical errors and omitted from the table.
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Scenario I (I’):

Pole Contribution Only

Modes with K̄ Modes with K̄∗

Mode(f) BJ (B̄s → f)(%) BT (Bs → f)(%) ∆Γf/Γs(%) Mode(f) BJ (B̄s → f)(%) BT (Bs → f)(%) ∆Γf/Γs(%)

DsD̄
0K− 0.19 ± 0.12 ± 0.04

(0.06±0.03±0.01)
0.04 ± 0.02 ± 0.01
(0.03±0.02±0.01)

0.17 ± 0.10 ± 0.03
(0.09±0.04±0.02)

DsD̄
0K∗− (0.07±0.03±0.01) (0.03±0.01±0.01) (0.08±0.04±0.02)

DsD
−K̄0 0.19 ± 0.12 ± 0.04

(0.05±0.03±0.01)
0.04 ± 0.02 ± 0.01
(0.03±0.02±0.01)

0.16 ± 0.09 ± 0.03
(0.08±0.04±0.02)

DsD
−K̄∗0 (0.06±0.03±0.01) (0.03±0.01±0.01) (0.08±0.04±0.02)

D∗
s D̄

0K− 0.64 ± 0.43 ± 0.13
(0.07±0.03±0.01)

0.09 ± 0.05 ± 0.02
(0.06±0.03±0.01)

0.38 ± 0.23 ± 0.08
(0.12±0.05±0.03)

D∗
s D̄

0K∗− (0.04±0.02±0.01) (0.03±0.02±0.01) (0.07±0.03±0.01)

D∗
sD

−K̄0 0.62 ± 0.42 ± 0.13
(0.07±0.03±0.01)

0.09 ± 0.05 ± 0.02
(0.06±0.03±0.01)

0.37 ± 0.22 ± 0.08
(0.11±0.05±0.02)

D∗
sD

−K̄∗0 (0.04±0.02±0.01) (0.03±0.02±0.01) (0.07±0.03±0.02)

DsD̄
∗0K− 0.30 ± 0.18 ± 0.06

(0.17±0.08±0.04)
0.09 ± 0.05 ± 0.02
(0.08±0.04±0.02)

0.31 ± 0.21 ± 0.06
(0.23±0.11±0.05)

DsD̄
∗0K∗− (0.18±0.08±0.04) (0.08±0.04±0.02) (0.24±0.12±0.05)

DsD
∗−K̄0 0.29 ± 0.18 ± 0.06

(0.17±0.08±0.04)
0.09 ± 0.04 ± 0.02
(0.08±0.04±0.02)

0.30 ± 0.20 ± 0.06
(0.22±0.11±0.05)

DsD
∗−K̄∗0 (0.17±0.08±0.04) (0.08±0.04±0.02) (0.24±0.11±0.05)

D∗
s D̄

∗0K− 0.89 ± 0.59 ± 0.18
(0.14±0.07±0.03)

0.17 ± 0.09 ± 0.03
(0.11±0.05±0.02)

0.65 ± 0.39 ± 0.14
(0.23±0.11±0.05)

D∗
s D̄

∗0K∗− (0.05±0.02±0.01) (0.04±0.02±0.01) (0.08±0.04±0.02)

D∗
sD

∗−K̄0 0.86 ± 0.57 ± 0.18
(0.14±0.06±0.03)

0.16 ± 0.09 ± 0.03
(0.10±0.05±0.02)

0.64 ± 0.38 ± 0.13
(0.22±0.10±0.05)

D∗
sD

∗−K̄∗0 (0.05±0.02±0.01) (0.03±0.02±0.01) (0.08±0.04±0.02)

Total 5.9 ± 3.6 ± 1.2a

(2.6 ± 1.2 ± 0.5)a
Total (1.9 ± 0.9 ± 0.4)a

TABLE V. The branching fractions (BJ ,T ) and width difference (∆Γf ) of the three-body D(∗)
s D̄(∗)K̄(∗) modes in the scenario

with only pole contribution. BJ and BT denotes the current-produced decay (B̄s → f) and the transitional decay (Bs → f),

respectively. DsJ(2700) is not included in modes with K̄∗ in this scenario. The results with only D(∗)
s poles are shown in

parenthesis.
a The contribution from CP conjugate modes is included.

be derived from their CP conjugates. As noted before, since CP is conserved in this work, B(B̄s → f) = B(Bs → f̄)
and ∆Γf = ∆Γf̄ . The total ∆Γf/Γs contains modes in the table and their CP conjugates, so it is twice of the sum
of the listed ∆Γf/Γs in the table.
Before discussing ∆Γs, we first look at branching fractions of these modes. Current produced modes in B̄s decays

are SU(3) related to modes considered previously. Their rates are similar. For example, B̄s → D∗
sD̄

∗K modes have
largest rates (∼ 0.88%) as the B̄u,d → D∗

u,dD̄
∗K modes. However, the transition modes are new. Their rates are

sub-percents or smaller. Note that while current-produced modes with K̄ are dominated by DsJ(2700), transition
modes do not change significantly when D̄sJ(2700) is included. For instance, without D̄sJ the branching fraction
of current-produced mode B̄s → D∗

sD̄
0K− drops from 0.64% to 0.07%. In contrast, it drops only from 0.09%

to 0.06% for the branching fraction of transition mode Bs → D∗
sD̄

0K−. The distinct behavior is not surprising
because Bs → D∗

sD̄sJ(2700) rate (before D̄sJ → D̄0K−) is relatively suppressed than the Bs → D∗
sD̄

∗
s ones (before

D̄∗
s → D̄0K−) (see Sec. III A). As we will see later the different roles play by these poles will be useful to enhance

∆Γs through interferences.
As the branching fractions of transition modes are not tiny, one would expect a non-negligible ∆Γs. The ∆Γf/Γs

of three-body modes ranges from 0.65% to 0.07%. The last two modes with K̄ have the largest ∆Γf as their rates
are largest. In this scenario, the total ∆Γs/Γs is

∆Γs/Γs(D
(∗,∗∗)
s D̄(∗,∗∗)

s ) =(10.4± 2.5± 2.2)%,

∆Γs/Γs(D
(∗)
s D̄(∗)K̄) =(5.9± 3.6± 1.2)%,

∆Γs/Γs(D
(∗)
s D̄(∗)K̄∗) =(1.9± 0.9± 0.4)%,

∆Γs/Γs =(18.2± 7.0± 3.8)%.

(39)

Obviously, the ∆Γs of three-body modes is comparable to two-body modes. The ∆Γs of three-body modes is mainly

composed by modes with K̄. It shows that the approximation in which D(∗)
s D̄(∗)

s modes saturate ∆Γs is dubious. In
addition, Eq. (39) agrees with the short-distance calculation in Eq. (6) within uncertainties. There is no evident of
the violation of short-distance result and the underlying OPE assumption.

The interference between DsJ (2700) and D(∗)
s can be studied by comparing Scenario I with Scenario I’ and the

result of DsJ (2700). The full treatment of modes with K̄ in Scenario I, where DsJ(2700) and D(∗)
s are taken into

consideration simultaneously, gives ∆Γs/Γs # 5.9%. On the other hand, one can treat DsJ (2700) and D(∗)
s separately

•  Motivated by D0 dimuon asymmetry: 

•  asl is related to and bounded by Γ12,s 

     Γ12,s needs to be enhanced at least ×3 
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FIG. 21: (color online). Measurements of Ab
sl with different

muon IP selections in the (ad
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s
sl) plane. The bands represent

the ±1 standard deviation uncertainties on each individual
measurement. The ellipses represent the 68% and 95% two-
dimensional C.L. regions, respectively, of as

sl and as
sl values

obtained from the measurements with IP selections.

taking into account the correlation between the uncer-
tainties.
We conclude that the observed dependence of the like-

sign dimuon charge asymmetry on muon IP is consis-
tent with the hypothesis that it has its origin from semi-
leptonic b-hadron decays. The contributions of adsl and
assl to Ab

sl can be determined separately by dividing the
sample according to the muon IP, although the uncer-
tainties on the values of adsl and assl do not allow for the
definitive conclusion that the deviation of Ab

sl from its
SM prediction is dominated from the assl asymmetry.

XV. CONCLUSIONS

We have presented an update to the previous measure-
ment [11] of the anomalous like-sign dimuon charge asym-
metry Ab

sl with 9.0 fb−1 of integrated luminosity. The
analysis has improved criteria for muon selection, which
provide a stronger background suppression and increase
the size of the like-sign dimuon sample. A more accu-
rate measurement of the fraction of kaons that produce
muons in the inclusive muon sample (fK), and an addi-
tional measurement of the ratio of such yields in like-sign
dimuon to inclusive muon data (RK = FK/fK) using
K0

S → π+π− decay have been performed. This provides
better precision of RK , and an independent estimate of

TABLE XXI: Input quantities for the measurement of Ab
sl

using muons with IP above 50 µm, 80 µm and 120 µm, re-
spectively. Only statistical uncertainties are given.

Quantity IP > 50 µm IP > 80 µm IP > 120 µm
fK × 102 6.47 ± 0.18 5.38 ± 0.24 5.19 ± 0.37
fπ × 102 10.42 ± 0.47 7.24 ± 0.38 5.65 ± 0.40
fp × 102 0.11 ± 0.05 0.07 ± 0.03 0.05 ± 0.03
FK × 102 6.31 ± 1.73 4.79 ± 2.59 4.48 ± 4.05
Fπ × 102 9.51 ± 2.36 6.39 ± 2.95 4.43 ± 3.95
Fp × 102 0.11 ± 0.06 0.03 ± 0.04 0.03 ± 0.05
fS × 102 82.99 ± 0.81 87.32 ± 0.74 89.11 ± 0.88
Fbkg × 102 15.91 ± 4.38 11.39 ± 6.10 8.94 ± 8.26
FSS × 102 85.63 ± 3.74 89.88 ± 5.10 91.79 ± 7.65
a× 102 +0.134 ± 0.004 +0.035 ± 0.005 −0.014 ± 0.005
abkg × 102 +0.146 ± 0.024 +0.068 ± 0.023 +0.027 ± 0.023
A× 102 −0.302 ± 0.079 −0.386 ± 0.094 −0.529 ± 0.120
Abkg × 102 −0.043 ± 0.071 −0.139 ± 0.083 −0.127 ± 0.093
Cπ 0.81 ± 0.03 0.75 ± 0.05 0.70 ± 0.05
CK 0.66 ± 0.03 0.52 ± 0.05 0.39 ± 0.06

FLL

(FLL+FSL) 0.108 ± 0.038 0.125 ± 0.060 0.089 ± 0.062
cb 0.084 ± 0.008 0.095 ± 0.009 0.109 ± 0.011
Cb 0.496 ± 0.034 0.510 ± 0.034 0.526 ± 0.037

TABLE XXII: Input quantities for the measurement of Ab
sl

using muons with IP below 50 µm, 80 µm and 120 µm, re-
spectively. Only statistical uncertainties are given.

Quantity IP < 50µm IP < 80 µm IP < 120 µm
fK × 102 19.35 ± 0.33 18.32 ± 0.30 17.64 ± 0.27
fπ × 102 37.58 ± 2.08 34.34 ± 1.95 34.72 ± 1.86
fp × 102 0.51 ± 0.22 0.48 ± 0.21 0.45 ± 0.20
FK × 102 28.03 ± 0.95 23.79 ± 0.74 21.49 ± 0.62
Fπ × 102 51.72 ± 3.18 44.26 ± 2.63 40.47 ± 2.26
Fp × 102 0.77 ± 0.29 0.66 ± 0.25 0.59 ± 0.23
fS × 102 42.56 ± 2.73 45.40 ± 2.13 47.18 ± 2.03
Fbkg × 102 81.53 ± 4.30 70.13 ± 3.52 62.56 ± 3.07
FSS × 102 43.42 ± 3.75 48.76 ± 2.84 53.66 ± 2.68
a× 102 +0.953 ± 0.003 +0.896 ± 0.003 +0.835 ± 0.002
abkg × 102 +0.997 ± 0.056 +0.916 ± 0.052 +0.864 ± 0.049
A× 102 +0.715 ± 0.083 +0.683 ± 0.069 +0.555 ± 0.060
Abkg × 102 +1.243 ± 0.096 +0.994 ± 0.082 +0.829 ± 0.077
Cπ 0.97 ± 0.01 0.95 ± 0.02 0.95 ± 0.02
CK 0.99 ± 0.01 0.98 ± 0.01 0.98 ± 0.01

FLL

(FLL+FSL) 0.441 ± 0.050 0.369 ± 0.032 0.350 ± 0.029
cb 0.033 ± 0.007 0.035 ± 0.007 0.038 ± 0.007
Cb 0.406 ± 0.032 0.406 ± 0.032 0.413 ± 0.032

the systematic uncertainty on this quantity. The value
of the like-sign dimuon charge asymmetry Ab

sl in semi-
leptonic b-hadron decays is found to be

Ab
sl = (−0.787± 0.172 (stat)± 0.093 (syst))%. (56)

This measurement disagrees with the prediction of the
standard model by 3.9 standard deviations and provides
evidence for anomalously large CP violation in semi-
leptonic neutral B decay. The residual charge asymme-
try of like-sign dimuon events after taking into account

Ds
(*)Ds

(*)

!"s "s ( f ) # 2 Br(Bs $ f )Br(Bs $ f )
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Measurement BaBar Data(%) Belle Data(%) Our Results (%) Remarks

Scenario I (I’) Scenario II

Pole model with DsJ Pole model+NR

(without DsJ)

Category 1: D̄K̄ in current with B̄ → D transition

B(B̄u → DuD̄sJ(2700)
−
)×

B(D̄sJ(2700)
− → D̄0K−

)

N/A 0.113+0.026
−0.040 0.12± 0.08± 0.03

(0)

0.12± 0.08± 0.03 Input for Scenario I.

B(B̄u → DuD̄
0K−

) 0.131± 0.014 0.222± 0.033 ∼ 0.23
(∼ 0.07)

∼ 0.11 Color-suppressed di-

agram neglected.

B(B̄d → DdD̄
0K−

) 0.107± 0.011 N/A 0.22± 0.14± 0.05
(0.06± 0.03± 0.01)

0.10+0.23
−0.02 ± 0.02 Input for Scenario II.

B(B̄d → DdD̄sJ(2700)
−
)×

B(D̄sJ(2700)
− → D̄0K−

)

N/A N/A 0.11± 0.07± 0.02
(0)

0.11± 0.07± 0.02

Category 2: D̄K̄ in current with B̄ → D∗
transition

B(B̄d → D∗
dD̄

0K−
) 0.247± 0.021 N/A 0.67± 0.45± 0.14

(0.07± 0.03± 0.01)
0.32+0.75

−0.13 ± 0.07 Input for Scenario II.

B(B̄d → D∗
dD̄sJ(2700)

−
)×

B(D̄sJ(2700)
− → D̄0K−

)

N/A N/A 0.50± 0.33± 0.11
(0)

0.50± 0.33± 0.11

Category 3: D̄∗K̄ in current with B̄ → D transition

B(B̄d → DdD̄
∗0K−

) 0.346± 0.041 N/A 0.35± 0.21± 0.07
(0.20± 0.10± 0.04)

0.35± 0.21± 0.07

B(B̄d → DdD̄sJ(2700)
−
)×

B(D̄sJ(2700)
− → D̄∗0K−

)

N/A N/A 0.11± 0.07± 0.02
(0)

0.11± 0.07± 0.02

Category 4: D̄∗K̄ in current with B̄ → D∗
transition

B(B̄d → D∗
dD̄

∗0K−
) 1.060± 0.092 N/A 0.94± 0.62± 0.20

(0.15± 0.08± 0.03)
0.94± 0.62± 0.20

B(B̄d → D∗
dD̄sJ(2700)

−
)×

B(D̄sJ(2700)
− → D∗0K−

)

N/A N/A 0.52± 0.33± 0.11
(0)

0.52± 0.33± 0.11

B(B̄d → D∗
dD̄

∗+K̄0
) 0.826± 0.080 N/A ∼ 0.91

(∼ 0.15)
∼ 0.91 Color-suppressed di-

agram neglected.

B(B̄d → D∗
dD̄

∗+K0
S) 0.44± 0.08 0.34± 0.08 ∼ 0.46

(∼ 0.07)
∼ 0.46 Color-suppressed di-

agram neglected.

TABLE IV. Comparison between experimental results from BaBar and Belle collaborations and our results in scenario I, II,

and I’. See text for detail definition.

a In Scenario II, the results of modes in Category 3,4 are the same as Scenario I.

DuD̄0K− decay first. The value of decay constant is shown earlier in Eq. (36) and the value agrees with those
obtained in other studies (see Section II D). The total branching fraction of B̄u → DuD̄0K− is consistent with Belle’s
measurement, and inevitably less consistent with the BaBar result and the SU(2)-related mode B̄d → DdD̄0K−.
Unfortunately, there is no measurement on B̄d → DdD̄0K− rate from Belle yet. For Category 2, the total branching
fraction B̄d → D∗

dD̄
0K− is about 2.5 times larger than the BaBar’s result as in Category 1. Again, there is no

measurement from Belle. More data is called for. Nevertheless, it is interesting to see that our predicted results on
branching fractions in Categories 3 and 4 agree well with data.

To explain the total branching fractions in Scenario I, we must start from D̄sJ(2700) contribution, which has on-
shell as well as off-shell parts. Roughly speaking the D̄sJ(2700) contribution can be understood by using the narrow
width approximation. The contribution in Category 1(2) is almost the same as in Category 3(4). It is expected,
since these two categories are different from each other only in D̄sJ(2700) → D̄∗K̄, D̄K̄ parts, which have nearly the
same branching fractions [see Eq. (33)]. The contribution in Category 2 is about five times larger than in Category 1,
where the B̄ → D∗ transition is replaced with B̄ → D. This factor already appeared in the two-body branching


