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Outline.

>Belle II at SuperKEKB 

>Belle II Software Framework

>Event Generators

>Belle II Theory Interface Platform (B2TIP)
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Belle II at SuperKEKB
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Belle II Overview.

>Accelerator currently being upgraded to SuperKEKB:
 8x1035/cm2/s (~40xBelle)

 50ab-1 by end of 2024 (~50xBelle)

>Beam energy:
 Mainly at Y(4S)=10.58 GeV

 BF(Y(4S)→BB) > 96%

 ~Y(1S) to ~Y(6S) technically
possible 

>Asymmetric beams:
 7.0GeV e-/4.0 GeV e+ (8.0GeV e-/3.5GeV e+ at Belle)

 Crossing angle: 83mrad (22mrad at Belle)

CUSB@CESR
(Y(1/2/3S) width dominated by detector resolution)
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Belle II Luminosity Profile.

50xBelle by 
end of 2024
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Belle II at SuperKEKB.

Belle II

January 2015
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Detector Upgrade: Belle II at SuperKEKB.



8/29Torben Ferber (DESY)

Belle II Schedule.

Phase 1: 2016 BEAST/SuperKEKB, cosmics
Phase 2: Mid 2017- Early 2018 BEAST with partial Belle II
Phase 3: Oct 2018- Physics with full Belle II

2015 2016 2017 2018

TOP
CDC

ARICH
Endcaps

Global cosmics run

QCS

PXD+SVD

You are
here!

Phase 1 Phase 2 Phase 3

Belle II
Preliminary
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First Physics.

>“Maximize original physics research in the first year”

>Possible caveats: Calibration, alignment, background

>Possible benefits: Looser trigger, different energy

→ ~300fb-1 non-Y(4S) data in first year (2018+)

>Likely scenario: Runs at and below Y(3S)
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First Physics example: Dark Photon into invisible.

χχ
 Y(3S) →γA0[A0-> Invisible], arXiv: 080.0017

limit: e.g. Essig et al., arXiv:1309.5084
C. Hearty, B2TIP2014

Preliminary

> If A' is not the lightest “Dark Sector” particle: 
 Annihilation into dark matter (A' → χχ) dominates

>Signal: Single, mono-energetic photon γISR

>Belle II First Physics:
Dedicated “single pho-
ton trigger” at Eγ~1 GeV
 Also needed for search of a

weakly interacting particle in 
non resonant ee →γχχ (via 
overall γ-rate increase)
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Belle II Software 
Framework (basf2)
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Belle II Software Framework: basf2.

>Modern C++ framework for acquisition, simulation, 
reconstruction and analysis of Belle II data

>50+ developers from 15+ countries, weekly meetings

>Six subgroups: database, simulation, background, 
tracking, alignment and generators

>Buildbot for several automated tasks:
 Incremental build on commit for fast feedback

 Full builds with different compilers and system on commit

 Nightly build, memcheck, and validation

 Monthly build of tagged packages
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basf2: Example Generator Steering (BABAYAGA.NLO).
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basf2: Example Analysis.

Need generator information:
- ISR or FSR photons
- PHOTOS photons
- Intermediate resonances
- Mother/daughter relations
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Event Generators
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Event Generators: Y(nS).

>EvtGen R01-03-00 (mainly for B/D decay chains)
→ Upgrade to R01-04-00 in preparation

 TAUOLA 1.1.4

 PHOTOS 3.54 (3.56 with gcc 4.9.2)

 PYTHIA 8.205

>Decay files in SVN, automatized test on check-in

>Common validation framework in preparation:
 Compare PDG-Binclusive to .DEC-Binclusive

 Reconstruction on generator level
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Event Generators: ee → qq (Continuum).

PYTHIA 8.205

EvtGen

PHOTOS

PYTHIA 8.205 + patch

EvtGen
PHOTOS

KKMC
QCD FSR

- Very recently: EvtGen called from PYTHIA8.205 for all decays    
   to ensure background and signal compatibility
- PYTHIA8 tuning in preparation (using Belle data)
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Event Generators: ee → ee(γ) (Bhabha).

>BABAYAGA.NLO (default, also for γγ)
 Latest official version implemented, tested on GRID (O(108 events))

 Modifications by BABAYAGA.NLO authors: (soon in basf2)

> Novosibirsk running αQED and Im(αQED)
→ Crucial when running at narrow resonance like Y(3S)

> Beam energy spread modification (~0.1% effect at Babar)
 

>BHWIDE 1.05 (ready)

>BBREM (default beam bkgd.)
 C++ version of the K&B generator

>TEEGG (impl. in work)
 For anti-tagged photon backgrounds, running αQED included

e.g. needed for:
- Luminosity measurements
- Precision Bhabha analyses
- L1 trigger studies
- Background for e.g. 
  dark photon A → ee
- anti-tagged: Main bkgd. for A → χχ
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Event Generators: ee → μμ(γ) (Muon pairs).

>KKMC 4.19b (default):
 ~1:1 copy from Belle generator, 

tested on GRID (O(108 events))

 Mod. REPI: Burkhardt αQED (“IHVP=4”)

 “Physics” shortcomings:
> QED interference: NLO and mass effects
> Spacelike running αQED approximation, issue even for small statistics at Y(3S) 

>Other available generators:
 PHOKHARA9.1b (ready)

> Full two loop corrections
  BABAYAGA.NLO (ready, not tested yet)

> Interference of resonance and continuum

e.g. needed for:
- ECL calibration
- Trigger studies
- Beam energy/boost measurements
- ISR normalization
- AFB (γ inclusive, dσ/dcos(θ))
- Background for e.g.  A → μμ, τ→μγ, ...



20/29Torben Ferber (DESY)

Event Generators: ee → ττ(γ) (Tau pairs).

>KKMC 4.19b(default):
 ~1:1 copy from Belle generator, 

tested on GRID (O(108 events))

 TAUOLA-exp-11-10-2005
> Hadronic current for τ→4πν based on CMD-2@VEPP
> Hadronic currents based on CLEO otherwise

>Future plans (tau and muon pairs):
 Interface to TAUOLA++ 1.1.4

 Interface to PHOTOS++ 3.56

 Information about ISR, FSR and PHOTOS photons for MCTruth matching

 For Y(3S) runs (first physics): αQED needs to be modified

 PYTHIA tau decay engine for cross checks?

e.g. needed for:
- Tau physics (long list...!)
- Background for AFB

Same as for EvtGen , discuss at next B2TIP
(maintenance, consistency, ...)
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Event Generators: ISR.

>PHOKHARA 9.1b (default)
 Latest official version implemented

 “Physics” shortcomings for Belle II:
> Runtime for NLO!?
> Missing Upsilon resonances
> Missing Z
> Missing NLO soft photons

>Other generators: (under study)
 Generator from Novosibirsk group?

π-π+

γ

Belle II Simulation
PHOKHARA9.1b (ee → ππ)
incl. beam background
(CDC only)

e.g. needed for:
- ISR physics
- Trigger studies
- AFB (inclusive, ds/dcos(θ))
- Background for e.g.  A → ππ, ...
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Event Generators: Two Photon.

>AAFH (physics default):
 Validated against Belle-AAFH generator

>KORALW (beam bkgd. default)

>Other generators: (under study)
 “Generic” hadronic final states: TWOGAM and PYTHIA6

 TREPS (arXiv:1310.0157)

 EKHARA

e.g. needed for:
- Two photon physics
- Trigger studies
- Backgrounds
- PID calibration
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Event Generators: New Physics.

>MadGraph 5:
 Standalone in basf2 externals package

 Interface for LHE output (next slide)

 Any new physics "madgraph" models can be used, e.g. Dark Photon 
model from Yi-Ming Zhong and Rouven Essig:

e.g. needed for:
- Dark Photon
- Light Higgs
- Magnetic Monopoles
- Effective SM Born for checks
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Event Generators: Generic Input/Output.

> Input modules for HepEvt and LHE (Les Houches 
Event) textfiles:

>HepEvt output (can be read in Belle and Belle II 
frameworks)
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basf2: FORTRAN Generators in basf2.

C++ FORTRAN

framework random generator
init/
event/
finalize

input parameters

input parameters

4-vectors in common block

4-vectors in common block

e.g. event with mode=1
Ideally, we modify only technical 
details of your FORTRAN code.

In reality it is often complicated 
and very hard to follow updates...

in: subroutine babayaga(MODE, ...)
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General wishlist.

>Technical:
 Make compilation as simple as possible

 Provide standalone examples with makefile

 Provide reference numbers (cross sections, differential distributions, …)

 HepEvt output format

 Separated INIT, EVENT, FINALIZE routines

 Revision control (e.g. SVN)

 Bugtracker, Forum, Mailinglists, …

>Physics general:
 Provide all possible information (intermediate resonances, ISR/FSR 

photons, …) not only the final state 
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Belle II Theory Interface Platform (B2TIP).

> Joint theory-experiment effort to study the potential 
impacts of the Belle II program

>Next open B2TIP workshop: 27.-29.04.2015, Krakau

http://kds.kek.jp/conferenceDisplay.py?confId=17654

What's new in Belle II compared
to Belle and Babar?
- Efficiencies, precision of hardware
- New software
- New analysis methods
-...

What's new in theory after Belle, 
Babar and LHCb?
- Progress in QCD
- New Physics models and constraints
- New observables
- ...

NEW IDEAS!
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Belle II Theory Interface Platform (B2TIP).

>WG8 “Tau, Low Multiplicity and Electroweak”
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Summary.

>Unique non-Y(4S) data planned for the first year

>Broad low multiplicity program at Belle II, including 
Dark Sector and Electroweak Precision Physics

>Significantly improved two track trigger, better 
Bhabha veto and single photon trigger planned

>Flexible and modern software framework with many 
event generators ready, development ongoing

>Belle II physics data taking will start 2018
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Backup



31/29Torben Ferber (DESY)

Precision EW physics far below the Z pole.

>Precision measurement at Z pole:
 AFB~gV

2gA
2/(gV

2+gA
2)2 → Sensitive to the weak mixing angle and ρ 

>Precision measurement at Belle II (~25 billion μ-pairs):
 AFB~ρgA

2
  (dominated by interference σγZ) → Only sensitive to ρ

 Expected statistical uncertainty: σabs(AFB)≈10-5 with AFB (EW)≈-10-2 at Belle II

→ Measurement of weak loop corrections to ρ

 Largest corrections and systematics: QED asymmetry (theory: KKMC, 
ZFITTER, ...) and detector charge asymmetry

>Belle II First Physics:
 Fine tuning of two track trigger, trigger systematics
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Backup: Belle II and LHCb.
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Backup: Belle II and LHCb.



34/29Torben Ferber (DESY)

Backup: First physics “Bottomonium below Y(4S)”.
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Backup: First physics “Bottomonium below Y(4S)”.
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Backup: First physics “Bottomonium above Y(4S)”.
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Backup: First physics “Bottomonium above Y(4S)”.
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Physics process Cross section [nb]

Y(4S) → BB 1.2

Light quark pairs 2.8

Muon pairs 1.1

Tau pairs 0.9

Bhabha (θlab>17°) 44

Photon pairs (θlab>17°) 2.4

Two photon (θlab>17°) ~80

Total ~130

Physics 
process

Cross 
section [nb]

Rate [Hz] 
@ final L.

Y(4S) → BB 1.2 960

quark pairs 2.8 2200

Muon pairs 1.1 880

Tau pairs 0.9 720

Bhabha 
(θlab>17°)

44 350*

γ pairs
(θlab>17°)

2.4 19*

Two photon
(θlab>17°)

~80 ~15000

Total ~130 ~20000
L1 rate Physics rate Event size

Belle 500 Hz 90 Hz 40kB

Belle II 30 kHz 3-10 kHz 200kB
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