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Introduction and Motivations
• A U(1)

0
extra gauge boson Z

0
, which couples

to Lµ - L⌧ [1] current via a new coupling g0 [2].

• The interaction Lagrangian is
P

l ✓g
0 l̄�µZ0

µl.

• In e+ e� collision Z
0
could be produced along-

side with two muons and further decaying into

another pair of muons, resulting in a four

muon final state (e+e� ! µ+µ�Z0(! µ+µ�)
(muonic dark force)).

• The existence of the Z
0

could reveal insights

about (g-2)µ anomaly, dark matter issues and

some flavour anomalies.

• BaBar search on 514 fb
�1

data indicates no

significant signal [3].

• We aim at 100 fb
�1

of data set and expect to

be competitive with BaBar analysis due to an

aggressive background suppression strategy.

Belle II at SuperKEKB

Belle II Detector [735 collaborators, 101 institutes, 
23 nations]electrons  (7 GeV)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +  
4 layers Si double sided strip DSSD

Belle II TDR, arXiv:1011.0352

EM Calorimeter
CsI(Tl), waveform sampling electronics

Central Drift Chamber
Smaller cell size, long lever arm

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC  
(end-caps , inner 2 barrel layers)

• Asymmetric e+ e� collider located at

KEK in Tsukuba, Japan.

• Centre of mass energy of 10.58 GeV (B-

factory).

• Rich physics program including B, D, ⌧
physics and dark sector.

• Nano-beam scheme allows an instanta-

neous luminosity of 6 ⇥ 10
35

cm
�2

s
�1

.

• Aim to collect 50 ab
�1

of data.

Signal selection and fitting
• Different mass hypotheses (500 MeV - 10 GeV

in 500 MeV steps) are generated via Mad-

graph.

• Some signal preselections are:

1. Impact parameters consistent with tracks

coming from the interaction point.

2. No of tracks = 4 in the events.

3. Kinematical fit.

4. Particle ID.

• Mass distributions are modeled by double

crystal ball functions and resolutions are given

by a weighted average of the component crys-

tal ball widths.
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• Resolution for a generic mass point given by

interpolation of the crystal ball parameters.

• Resolution varies from 2 MeV to 10 MeV de-

pending on the Z
0
mass.

Background suppression
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• Expected Standard Model

backgrounds are µµµµ, double

photon conversion, ISR photon

conversion and combinatorials.

• Artificial Neural Network

(MLP, MultiLayer Percep-

tron) used for background

suppression.

• 15 discriminating variables in 4

different mass ranges.

Control sample study
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• We plan to use eeµµ events as

a control sample to validate our

selections.

• Test the performance of back-

ground suppressing MLP.

• Also use it for trigger and sys-

tematic studies.

• Some data-MC disagreement

expected, mostly due to the

absence of the ISR process in

AAFH eeµµ generator.

• A great amount of work is in

progress.

Preliminary results
• We used a fitting technique to estimate the sensi-

tivity (90% CL upper limits).

• No trigger condition and systematics are taken

into account yet.

Conclusions and future studies
• Fit based approach used for sensitivity es-

timation.

• Profile likelihood method used for upper
limit estimation.

• Test and validate the full analysis chain on
control samples.

• Finalize our trigger selection and compute
all systematics.

• Some study also ongoing on possible
displaced vertex signatures (model inde-
pendently).
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