
Table 1: Branching fraction upper limits @90% confidence level for Bs → µ+µ− from different experiments

Experiment Year Limit [10−9] Process Reference
D0 2007 75 pp̄ at 1.96 TeV [4]
CDF 2006 80 pp̄ at 1.96 TeV [5]
CDF 2005 150 pp̄ at 1.96 TeV [6]
D0 2005 410 pp̄ at 1.96 TeV [7]
CDF 2004 580 pp̄ at 1.96 TeV [8]
CDF 1998 2,000 pp̄ at 1.8 TeV [11]
L3 1997 38,000 e+e− → Z [13]

1 Present Experimental Status of B → `+`− Decays
The decays B0

d(s) → `+`− proceed via weak penguin loop and box diagram processes, where the dilep-
tons are e+e−, µ+µ−, and τ+τ−. In the Standard Model these processes are helicity suppressed. Thus,
decay rates are proportional to the lepton mass squared. They receive an additional suppression from the
electromagnetic coupling and the B decay constant, both entering squared resulting in tiny branching
fractions. For example, for Bs → µ+µ− the Standard Model prediction yields B(B0

s → µ+µ−) =
(3.35± 0.32)× 10−9 [1]. The corresponding Bd decays are further suppressed by | Vtd/Vts |2, yielding
B(B0

d → µ+µ−) = (0.103 ± 0.009) × 10−9 [1]. In physics beyond the Standard Model, scalar and
pseudoscalar interactions yields additional contributions that may increase the branching fractions by
one to three orders of magnitude [2]. These interactions would also contribute to B → K`+`−.

Experimentally, the searches focus on B0
s → µ+µ− and B0

d → µ+µ−. For the e+e− final states,
the branching fractions are suppressed with respect to B(B → µ+µ−) by m2

e/m
2
µ = 2.3 × 10−5.

Experimentally, the best limit has been set by BABAR yielding B(B → e+e−) < 61 × 10−9 @ 90%
confidence level (CL) [3]. Though the branching fraction of the τ+τ− mode is enhanced by a factor
of 28 with respect to that of the µ+µ− mode, no experiment has reported any search so far. Due to at
least two missing neutrinos in the decays of the two τs the reconstruction of this mode is rather difficult,
since no kinematic constraint can be employed to eliminate backgrounds. At an e+e− super B factory
the B0

d → τ+τ− mode may be observable by reconstructing one B meson fully in a hadronic mode and
then searching for B0

d → τ+τ− in the recoil.

Thus, B0
d(s) → µ+µ− are the most promising modes to test the Standard Model. Table 1 summa-

rizes the searches for B0
s → µ+µ− by different experiments in the past two decades. The 90% CL upper

limits in comparison to the SM prediction are shown in Figure 1. The lowest limit of B(B0
s → µ+µ−) <

93×10−9 @ 95% CL is obtained by the D0 experiment using about2 fb−1 of pp̄ data [4]. Using 780 pb−1

of pp̄ data CDF achieved an upper limit branching fraction of B(B0
s → µ+µ−) < 100 × 10−9 @ 95%

CL [5]. The corresponding searches for B0
d → µ+µ− are summarized in table 2. Here, the lowest limit

of B(B0
d → µ+µ−) < 30× 10−9 @ 95% CL is obtained by the CDF experiment using 780 pb−1 of pp̄

data [5]. The 90% CL upper limits in comparison to the SM prediction are shown in Figure 2. Figures 1
and 2 indicate that the B0

s mode is the most promising one to find at the LHC.

Since the present branching fraction upper limit @ 90% CL for B0
s → µ+µ− is about a factor

of 20 above the SM prediction, the CDF background level needs to be reduced significantly to achieve
an experimental sensitivity for branching fractions of the order of 10−9. In an earlier study for the run
II performance CDF presented sensitivities of S(B0

d → µ+µ− = 3.5 × 10−9 × (2fb−1/
∫
Ldt) and

S(B0
s → µ+µ− = 10 × 10−9 × (2fb−1/

∫
Ldt) [19]. These extrapolations are slightly optimistic

compared to the limits obtained for 780 fb−1. Using the present limit and just scaling it to 10 fb−1,
yields sensitivities of 6.2× 10−9 for the B0

s and 1.8× 10−9 for the B0
d . For BABARa simply scaling to

1 ab−1 yields 9× 10−9.
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Fig. 1: Compilation of 90% confidence level upper limits for B(B0
s → µ+µ−) from different experiments in

comparison to the SM prediction.

Table 2: Branching fraction upper limits @90% confidence level for Bd → µ+µ− from different experiments

Experiment Year Limit [10−9] Process Reference
CDF 2006 23 pp̄ at 1.96 TeV [5]
CDF 2005 39 pp̄ at 1.96 TeV [6]
BABAR 2005 83 e+e− → Υ(4S) [3]
CDF 2004 150 pp̄ at 1.96 TeV [8]
Belle 2003 160 e+e− → Υ(4S) [9]
CLEO 2000 610 e+e− → Υ(4S) [10]
CDF 1998 680 pp̄ at 1.8 TeV [11]
D0 1998 40,000 pp̄ at 1.8 TeV [12]
L3 1997 10,000 e+e− → Z [13]
CLEO 1994 5,900 e+e− → Υ(4S) [14]
UA1 1991 8,300 pp̄ at 630 GeV [15]
CLEO 1989 43,000 e+e− → Υ(4S) [16]
ARGUS 1987 45,000 e+e− → Υ(4S) [17]
CLEO 1987 77,000 e+e− → Υ(4S) [18]
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