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The hunt for New Physics

Intensity / precision frontier

New virtual particles in loops/trees
transitions, deviation from SM
expectations (B factories, LHCb)

If NP found in direct searches, it is
reasonable to expect NP effects
in B, D, tau decays

Energy frontier

Direct production of new particles - 
limited by beam energy
(LHC – ATLAS, CMS)
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Rich legacy of B-Factories
+
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The next generation Super-B-Factory

40 x KEKB luminosity: Nano-beam
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KEKB → SuperKEKB
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Belle → Belle II

New software challenges:
Belle II Software and Analysis Framework
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Status & Schedule

Phase 1 (2016): beams, no collisions, cosmics

Phase 2 (2018): collisions, complete Belle II
detector except for Vertex Detector

Phase 3 (end 2018 – 2024): full Belle II detector

Belle II 
Roll-in



8

Phase 1: Done!
Phase 1

● no Belle II, only special BEAST detectors 
for beam commisioning

● tune accelerator optics, etc., vacuum 
scrubbing, beam studies, validation of 
beam background simulationsBelle II 

Roll-in
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Global Cosmic Run: In progress

CDC (only) resolution at IP (~ Belle)

● Data taking (cosmics) with CDC, ECL,
KLM, TOP with/without 
1.5 T magnetic field

● Sub-detector operation, tuning,
calibrations

KLM

KLM

TOP

TOP
CDC

CDC

ECL

Belle II Calibration Framework
● Automatization calibration workflow, algorithm

dependencies, monitoring...
● Novel approaches to calibration: simultaneous

alignment + calibration of vertex, drift chamber,
muon system … global fit using Millepede II

doi:10.1016/j.nima.2006.05.157

http://dx.doi.org/10.1016/j.nima.2006.05.157
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Belle II Physics Prospects

Only selection of examples

(Sorry if I did not include your favourite)
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Physics overview

See next talk by Nibedita
With 50 ab-1 of e+e- collisions at (or close to) Y(4S) we 
have/can:

● (Super) B-Factory (~ 1.1 x 109 BB pairs per ab-1)
● (Super) Charm-Factory (~ 1.3 x 109 cc pairs per ab-1)
● (Super) Tau-Factory (~ 0.9 x 109 tau pairs per ab-1)

● Use Initial State Radiation (ISR) to effectively scan 
e+e- → light hadrons cross-section in range [0.5 – 10] 
GeV

● Exploit the clean e+e- environment to probe existence 
of exotic hadrons, dark photons/Higgs, light Dark 
Matter particles, ...

Well defined initial state – Belle II can handle:

● neutral final states
● final states with missing energy
● inclusive modes, e.g.

Belle II complementary to LHCb on indirect searches, but also competitive in some studies
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Unitarity Triangle in the precision era

Enhanced precision of UT parameters (sides, angles) 

UT angles with ~ 1% 
uncertainity
for 50 ab-1

Inconsistency between angles 
or/and sites → New Physics
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Confirmation from Belle II will be crucial
(good efficiency for electrons and muons

in wide q2 range)

Semileptonic B decays

Hot topic: Ratios R(D(*))
● Lepton universality test
● Very clean theory prediction
● World average 4 sigma away 

from SM

Belle II can reach
 3% sensitivity for R(D(*)) → NP?
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Tau Physics

Lepton Flavour Violation in τ decays

● In the SM, lepton flavour violating decays, like τ → μ γ, are
forbidden/highly supressed, while NP could enhance their 
BF's significantly

● Belle II can access final states with neutrals
● Control of beam backgrounds crucial
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e+e- → light hadrons, dark things, 
spectroscopy, exotic states...

Optical
 Theorem

ISR: Energy 
scan

Early Physics (2018)

e+e- → light hadrons

● Long standing discrepancy between theory and experiment in the (g-2)
μ
 

(3.5 sigma)
● Most of the uncertainity in the theory comes from the hadronic 

controbution:
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Summary

● New Super-B-factory generation under successful 
commisioning

● Belle II will join LHCb in the hunt for New Physics just in time – 
competitive but also complementary

● Several tensions in SM known, Belle II can give definitive 
resolution

● If NP found at LHC, Belle II could reveal its flavour structure 
and/or weak phases. If not, precision measurements at Belle II 
even more important

● First physics without vertex early 2018, 2018/2019: full detector 
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Thank you for your attention!
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Belle II & LHCb
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Phase 2 Physics
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