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Belle II Experiment.

KEKB → SuperKEKB:
Instantaneous Luminosity x40 

Belle → Belle II
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Belle II Hardware
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Belle II Detector: Vertex Detectors (VXD).

Belle II MC
Preliminary

PXD and SVD share a common volume
→ Consider as one integrated system

Installation
Cooling
Commissioning

PXD
Largest German contribution

SVD
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Belle II Detector: Thermal Mock Up.

SVD
Dummy ladder and end rings

PXD

Full Mock Up

(MPI)



6/26Torben Ferber (DESY)

Belle II Detector: Thermal Mock Up.

Thermal Mockup (PXD)
Preliminary

PXD
Support cooling block (SCB)

SVD dummy ladders

“dry out”

(MPI)
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Belle II Detector: Remote Vacuum Connection (RVC).

>Decision to use RVC taken in summer 2014

>Finalizing design of 
RVC and Final Focus 
Quadrupole end 
flange region at DESY

>RVC to be installed in 
spring 2017 for 
“Phase 2”
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2015 2016 2017 2018

Belle II Schedule.

TOP
Installation

CDC
Installation 

ARICH
Installation

Endcaps
Installation

Global cosmics run

Final Focus Quadrupoles
Installation PXD+SVD

Installation

You are
here!

Phase 1 Phase 2 Phase 3

Belle II
Preliminary

Belle II 
without PXD+SVD
with BEAST II

SuperKEKB

Belle II in beam position

Belle II 
with PXD+SVD
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Belle II Testbeam at DESY.

> Pilot-run sensors to be tested in DESY test beam end of 2015

> Full VXD system test at DESY with final ASICS 
beginning of 2016

Pilot production
run wafers 
with PXD sensors

PXD/SVD in PCMAG
Integrated Belle II system test
TB24/1@DESY (2014)
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Belle II Software
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Belle II Background.

BEASTII detector instead of VXD in “Phase 2”
Measure beam backgrounds
Calibrate background MC
Need to extrapolate for factor >40 instantaneous lumi increase in phase 3
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Belle II Background Simulations.

Positioning of Diamond sensors
Radiation monitor
Beam abort system

Synchrotron Radiation (SR)

Bandwidth limit for PXD: 2%
Non-Synchrotron backgrounds: ~1%

Ideal alignment
Misalignment -0.5mm
Misalignment +0.5mm
Uniform Beam Halo
Total =Ideal + Uniform Halo

Belle II PXD (innermost layer), SR only, final luminosity
Belle II Diamond sensors (backward), 
2-Photon only, final luminosity
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Belle II Software: Alignment and Calibration.

>Common calibration framework
 Calibration framework main functionality 

implemented 

 VXD and CDC alignment and calibration 
as first example

 Will be used for other detector calibration

>Alignment and calibration for VXD and CDC
 VXD: Verified on Monte Carlo and DESY testbeam data

 CDC: Tested on Monte Carlo, cosmic data coming soon

 First checks of CDC drift velocity calibration successful

 Fully working in the common calibration framework



14/26Torben Ferber (DESY)

Belle II Software: Track Finding.

>Weighted cellular 
automaton trackfinder:
 Low momentum range

 Decays in flight 

 Comics tracks

>Loop-free directed graph:

Belle II (CDC)
cosmic run 2015
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Belle Analysis
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Belle: Search for long lived particles.

>Search for long-lived
Particle A'→l+l-/π+π-

0.3GeV < mA' < 10GeV

1cm < vtx < 25cm

>Using unskimmed data
at DESY, almost back-
ground free

>Trigger feedback also 
for Belle II

Eγ=
s−M A '

2

2√ s

Preliminary

Example: Dark Photon
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Belle: B→K*ll.

>Full angular analysis
 LHCb discrepancy for P5': ~3.7σ

>Analysis in internal review

>Box opening and preliminary 
results planned for “Lepton Photon 2015”

R. Aaij et al. , Phys. Rev. Lett. 111 (2013)
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Belle: Light quark fragmentation.

>Measure azimuthal correlations 
between two pairs of charged 
pions in opposite hemispheres

>Helicity dependent fragmentation
function G1

┴
 is consistent with zero

>Analysis in internal review

BELLE-CONF-1502
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Belle → Belle II: PYTHIA8 tuning.

>Tuning of the Belle II generators using Belle data
 Combine fragmentation and generator expertise at DESY

>Some Belle analyses affected by background 
uncertainty from data/MC differences (PYTHIA6)

PYTHIA 8.205

EvtGen
PHOTOS

KKMC
QCD FSR

U. Tamponi, B2TIP15

Preliminary
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Belle II Physics Studies
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Projected Belle II Integrated Luminosity.

50xBelle by 
end of 2024
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Belle+Belle II vs. LHCb.

Belle II: Belle2-BN21 (2014)
LHCb: O. Bruening, HL-LHC ECFA Workshop (2014)

LHCb-PUB-2014-040 (2014)
EPJ C 73, 2373 (2013)
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First Physics at Belle II and B2TIP.

>First Physics:
 Under study: Physics in phase II (2017+, without VXD)

 “Maximize original research in the first year” (2018+)
→ ~300fb-1 non-Y(4S) data

 Possible caveats: PID calibration, VXD alignment, Backgrounds

 Potential benefits: Looser trigger, varying beam energies

 DESY:  Dark Photon, Fragmentation, Low Multiplicity Trigger, 
          Event generators

>B2TIP (Belle II Theory Interface Platform):
 Joint theory-experiment effort to study the potential impacts of the 

Belle II program with milestones and golden modes (KEK Green Report)

 DESY: WG8 (Tau and low multiplicity), Event generators
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Belle II: Dark Photon A → 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~2 GeV
 Also needed for search of a

weakly interacting particle in 
non resonant ee →γχχ (via 
overall γ-rate increase)

B2TIP WG8 Golden mode 

Eγ=
s−M A '

2

2√ s
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Belle II: High precision two track physics.

B2TIP WG8 Golden mode 

>50ab-1  at any energy (50x Belle):
 Measurement of the SM ρ-parameter 

(σrel(AFB)=0.1%), trigger and tracking 
improvements based on Belle 
experience and data at DESY

>5ab-1  at any energy (5-10x Belle):
 Search for a Dark Photon A→l+l- and A→π+π-

 Measure cross section σrel(σee→ππ)=0.5% for g-2

>0.3ab-1 scan at Y(3S) (unique data):
 Measure σY(3S)→l+l-: Γee, lepton univ., αQED(s)

π-π+

γ

Belle II simulation
e+e- →π+π-(γ) 
mππ=0.3GeV

J. Erler, S. Su (Prog.Part.Nucl.Phys. 71 (2013)), TF Spin14

Belle II (50ab-1)

Preliminary
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Summary.

>Strong computing contribution and usage of the 
NAF2.0 at DESY

>First DESY-Belle analyses approach publication stage

>Belle II starts physics data taking 2018

>DESY contributions to Belle II:
 Hardware: Thermal Mockup, RVC, CO2 cooling, B-field measurements

 Software: Event Generators (convenor), Alignment and 
Calibration (convenor), Trackfinding, Background studies

>DESY impact on Belle II physics program:
 “Tau and low multiplicity” convenor, “First Physics” authors
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Backup

μ-

μ+

Belle II simulation
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Belle II vs. LHCb: Competition.
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Belle II vs. LHCb: Competition.
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Belle II Schedule.

now
Power restriction
  in summer

phase 1 phase 2 phase 3

Start-up

QCS, Belle II install

Shutdown 
to add TOP,
re-Install VXD 

w/o QCS
w/o Belle II

w/ QCS
w/ Belle II 
(partial TOP, no VXD)

w/ full Belle II

phase 1 phase 2

Start-up QCS, Belle II install VXD installw/o QCS
w/o Belle II

w/ QCS
w/ Belle II (no VXD)
BEAST II

SuperKEKB Construction

SuperKEKB Construction

Power restriction
  in summer

Power restriction
  in summer

phase 3

w/ full Belle II

Power restriction
  in summer

Original Schedule

 JFY2015 budget

phase 3‘

VXD install VXD de-install

20182014 2015 2016 2017

partial TOP, w/ VXD
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Belle II Organization Details.
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Belle II Organization.

569 colleagues, 99 institutions, 23 countries/regions
(Germany: 75 colleagues, 11 institutes)

(last update: 01.05.2015)
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Belle II Accelerator: Nano-beam scheme.

KEKB Super-KEKB

L=
γ±

2er e

(1+
σ y

*

σ x
*
)
I± ξ y±

βy±

RL

Rξy

vertical beta function at IP

beam current

factor 2-3factor 20

83mrad
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Positions of the diamond sensors.
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The Standard Model (Born level): ee → μμ.

rho parameter
weak mixing angle
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Backup: Belle II and LHCb.
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Backup: Belle II and LHCb.
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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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Backup: Trigger Rates.

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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Backup: Alignment@ICHEP2015.
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