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Figure 1: Distribution of µ+µ� versus K+⇡�µ+µ� invariant mass of selected B0! K⇤0µ+µ�

candidates. The vertical lines indicate a ±50MeV/c2 signal mass window around the nominal
B0 mass. The horizontal lines indicate the two veto regions that are used to remove J/ and
 (2S)! µ+µ� decays. The B0 ! K⇤0µ+µ� signal is clearly visible outside of the J/ and
 (2S)! µ+µ� windows.

invariant masses below the nominal B0 mass contain a significant contribution from partially
reconstructed B decays and are not used in the BDT training or in the subsequent analysis.
They are removed by requiring that candidates have m(K+⇡�µ+µ�) > 5150MeV/c2. The
BDT uses predominantly geometric variables, including the variables used in the above
pre-selection. It also includes information on the quality of the B0 vertex and the fit �2 of
the four tracks. Finally the BDT includes information from the RICH and muon systems
on the likelihood that the kaon, pion and muons are correctly identified. Care has been
taken to ensure that the BDT does not preferentially select regions of q2, K+⇡�µ+µ�

invariant mass or of the K+⇡�µ+µ� angular distribution. The multivariate selection
retains 78% of the signal and 12% of the background that remains after the pre-selection.

Figure 1 shows the µ+µ� versus K+⇡�µ+µ� invariant mass of the selected candidates.
The B0! K⇤0µ+µ� signal, which peaks in K+⇡�µ+µ� invariant mass, and populates the
full range of the dimuon invariant mass range, is clearly visible.

4 Exclusive and partially reconstructed backgrounds

Several sources of peaking background have been studied using samples of simulated
events, corrected to reflect the di↵erence in particle identification (and misidentification)
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Hypothesis Fit BE

Cµ
9 [-1.9,0.3] 3.0 : 1

Cµ
10 [-0.1,0.9], [8.0,8.8]

Cµ
9 [-4.2,-1.2] 3.95 : 1

Cµ0

9 [-1.7,1.2]

Cµ
9 [-4.2,-1.4] 5.59 : 1

Ce
9 [-7.4,-5.9], [-1.3,0.2]

Cµ
9 = �Cµ

10 [-1.0,0.4] 0.89 : 1

Ce
9 = �Ce

10 [-0.5,0.4], [-8.2,-7.4]

Cµ
9 = �Cµ

10 [-0.7,-0.4] 1.66 : 1

Ce
9 = Ce

10 [-1.2,1.6]

Cµ
9 = Cµ

10 [0.1,0.9] 0.16 : 1

Ce
9 = �Ce

10 [0.3,1.1]

Cµ
9 = Cµ

10 [0.1,0.9] 0.47 : 1

Ce
9 = Ce

10 [-2.4,-1.5], [2.2,3.4]

TABLE III: Same as table II but with two WC’s turned on simultaneously.
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FIG. 2: Two dimensional posterior probability distributions for the two hypotheses: 1. Cµ
9 and

Cµ
10 (left panel), 2. Cµ

9 and Cµ 0
9 (right panel). The red and green contours are 68% and 95% C.L.

regions respectively.

prefers NP in the muon sector over NP in the electron sector. Moreover, NP with lepton flavour

[Ghosh et al., 1408.4097]

[Descotes-Genon et al., 1307.5683]

[Altmannshofer & Straub, 1308.1501]68% 95%
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prefers NP in the muon sector over NP in the electron sector. Moreover, NP with lepton flavour

[Ghosh et al., 1408.4097]
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FIG. 3. Constraints on the model parameter space from the
di↵erent leptonic processes discussed in Section IV. The re-
gion in white is the allowed region. The anomaly in B !
K⇤µ+µ� can be accommodated everywhere to the left of the
bottom-right triangle, see Eq. (21). Note that the constraint
from the neutrino trident production of muon pairs (red re-
gion) completely excludes the region favored by (g�2)µ. The
dotted lines in the allowed region denote (5�10)% NP e↵ects
in Bs mixing.
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FIG. 4. Example one-loop box diagram that gives a correction
to the ⌧ ! µ⌫⌧ ⌫̄µ decay. In total there are four box diagrams
with the Z0 connected to the lepton legs.

to be v� ' 180 GeV. The corresponding 1� range is
shown in Fig. 3 as the blue diagonal band. Alternatively,
this measurement sets a ⇠ 5� lower bound on the VEV
of v� & 110 GeV such that �aµ . 7.4 ⇥ 10�9 (see the
diagonal gray region in Fig. 3).

• ⌧ decays. The Z 0 also leads to corrections to tau
decay processes. In particular, one-loop box diagrams,
such as the one shown in Fig. 4, give the leading mod-
ifications to the ⌧ ! µ⌫⌧ ⌫̄µ rate, while the ⌧ ! e⌫⌧ ⌫̄e

decay remains SM-like to an excellent approximation.
Contributions to ⌧ ! e⌫⌧ ⌫̄e (and ⌧ ! µ⌫⌧ ⌫̄µ) from ver-
tex corrections are suppressed by a factor m2

⌧/m
2
Z0 due

to SU(2)L invariance and can be safely neglected in the
regions of parameter space we are interested in. Tiny
additional corrections can arise in the presence of kinetic
Z�Z 0 mixing. Evaluating the box diagrams, we find the
following correction

BR(⌧ ! µ⌫⌧ ⌫̄µ)

BR(⌧ ! µ⌫⌧ ⌫̄µ)SM
' 1 + � , (27)

where,

� =
3(g0)2

4⇡2

log(m2
W /m2

Z0)

1 � m2
Z0/m2

W

. (28)

Importantly, the sign of the correction � is determined
by the relative sign of the Z 0 couplings to taus and muons.
The gauged Lµ�L⌧ unambiguously leads to an enhance-
ment of the ⌧ ! µ⌫⌧ ⌫̄µ branching ratio. Interestingly,
measurements point towards a small positive contribu-
tion to the muonic branching ratio of the tau as we now
discuss.

The PDG value for the branching ratio of ⌧ ! µ⌫⌧ ⌫̄µ
reads [34]

BR(⌧ ! µ⌫⌧ ⌫̄µ)exp = (17.41 ± 0.04)% . (29)

This should be compared to the SM prediction [35]

BR(⌧ ! µ⌫⌧ ⌫̄µ)SM = ⌧⌧ (5.956 ± 0.002) ⇥ 1011/s .(30)

The dominant uncertainty on the SM prediction for the
branching ratio comes from ⌧⌧ , the lifetime of the tau.
Combining a very recent result on the tau lifetime from
Belle [36] with previous measurements at LEP [37–40]
and CLEO [41], results in ⌧⌧ = (290.29 ± 0.53) ⇥ 10�15s.
Using this value in the SM prediction for BR(⌧ !
µ⌫⌧ ⌫̄µ), we find that the experimental value in Eq. (29) is
more than 2� above the SM prediction. Translated into
the variable �, we obtain

� = (7.0 ± 3.0) ⇥ 10�3 . (31)

In Fig. 3, the region of parameter space favored by the ⌧
decay to muons is shown as a green band.

• Z coupling to leptons. Loops involving the Z 0 also
a↵ect the couplings of the SM Z vector-boson to muons,
taus and neutrinos. The corresponding branching ratios
have been measured very accurately at LEP and SLC
facilities. The corrections to the vector and axial-vector
couplings of the Z to leptons are given by

gV e

gSMV e

=
gAe

gSMAe

= 1 , (32a)

gV µ

gSMV µ

=
gAµ

gSMAµ

=

����1 +
(g0)2

(4⇡)2
KF (mZ0)

���� , (32b)

gV ⌧

gSMV ⌧

=
gA⌧

gSMA⌧

=

����1 +
(g0)2

(4⇡)2
KF (mZ0)

���� , (32c)

[Altmannshofer et al., 1403.1269]


