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Energy or Intensity?
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• Energy frontier: 

• Production of New Physics (NP) in collision final states. 

• Limited by beam energy.  
 

• Intensity frontier: 

• NP in virtual processes. 

• Limited by statistics.
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Motivation for Belle II: Flavour Frontier.
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Belle and BaBar.
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CUSB @ CESR• Belle at KEKB, Japan and  
BaBar at PEP-II, USA. 

• Very high luminosity:  
~2×1034 /cm2/s (Belle) 

• Collision energy at Y(nS): 
Mainly at ECM = 10.58 GeV. 
BR(Y(4S)→ BB̄) > 96% 

• Asymmetric beam energies:  
8 GeV (e-) / 3.5 GeV (e+) (Belle)  
→ Boosted BB̄ pairs. 

• Many analysis still statistically limited!



K.Furukawa, KEK, Feb.2017. Injector Linac Energy Margin 

v For 40-times higher luminosity in SuperKEKB collider 
v Low emittance & low energy spread injection beam with 4-5 times more beam current 
³  New high-current photo-cathode RF gun developments 
³  New positron capture section  
³  Damping ring construction 
³  Optimized beam optics and correction 
³  Precise beam orbit control with long-baseline alignment 
³  Simultaneous top-up injection to DR/HER/LER/PF/PFAR 

v Balanced injection for the both photon science and  
 elementary particle physics experiments 

Mission of Electron/positron Injector in SuperKEKB 
Linac Mission in FY2016-FY2017 
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The single injector would behave as 
multiple injectors to multiple storage 
rings by the concept of  virtual 
accelerator  

1 
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Nano beam scheme.
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SuperKEKB.
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First beams in 2016. 

Commissioning ongoing.



Belle II Collaboration.
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728 members (including 262 grad students).
100 institutes.



Belle II Detector.
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Detector Upgrade: Belle II at SuperKEKB.

Possible 
upgrade

Need to cope with much higher 
luminosity and beam background.



14.5th campaign 
maximum dose: 5.52 Gy/yr

Radiation Dose in Crystals

15th campaign 
maximum dose: 6.27 Gy/yr
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Belle II: Backgrounds.
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• Degrades calorimeter resolution. 

• Radiation damage. 

• Pile-up and event size. 

• Physics background.
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Belle II: Backgrounds.
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Readout Reconstruction
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Belle II: Performance.
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Belle II: Luminosity Projection.
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SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB"
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Dark Photon searches.
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• In the so called “vector portal”, a dark photon A’ mixes* 
with the SM photon γ with strength ε: 
 
 
 

13/28

Towards First Physics: Dark Photon.

>Dark Photon motivated by dark matter, g-2 anomaly...

>Minimal dark matter model: Dark matter particle N 

and a new scalar or gauge boson A'  as s-channel 

annihilation mediator (m
A'
 > 2m

N
)

>Additional U(1)' symmetry ? “Kinetic Mixing”* of 

massive dark photon A' with the SM photon

*Holdom, Phys. Lett B166, 1986

Eγ=
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Dark Photon to Leptons.
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• Belle II limit scaled from BaBar: two times better mass resolution 
(larger drift chamber), better trigger efficiency for ee final states.



Dark Photon to Dark Matter.

13Y.M. Zhong, B2TIP Pittsburg 2016

Off-shell  
heavy A’

yes no

Off-shell light A’ On-shell light A’

yes no

A’ on-shell  
decay to DM

Long-lived 
ultra light A’

Off-shell heavy A’

Off-shell light A’

On-shell decay  
to DM

Long-lived ultra light A’



Dark Photon to Dark Matter.
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• Energy resolution for EECL>1.8 GeV is about 2 %, almost independent of beam 
backgrounds. 

• Dark Photon mass resolution below mA ≈ 2.5 GeV too poor to determine mA but we 
can still make an observation.
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Introduction
• Dark Photon A’ motivated by Dark Matter, g-2, .. 

• Minimal Dark Matter model: Dark Matter particle χ and a 
new scalar or gauge Boson A’ as s-channel annihilation 
mediator (mA’ > 2mχ) 

• Additional U(1)’ symmetry → Kinetic mixing* of massive 
Dark Photon with the SM photon
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Background

Signal

Dark Photon to Dark Matter. Phase 2 geometry (no VXD) 
Phase 2 beam backgrounds

90° ECL gap

3γ in ECL BWD gap  
and KLM BWD gap

2γ in Endcap gap
Background

Signal
ε = (30-40) %

40 fb-140 fb-1

selection

selection
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→ “Golden mode” for Phase 2 early data.

Dark Photon to Dark Matter. Phase 2 geometry (no VXD) 
Phase 2 beam backgrounds



Axion-like particles.
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• Axion-like particles couple to to 
all bosons. For Belle II, the 
coupling gaγ to photons has the 
by far largest cross section and 
is the only one accessible for the 
direct search. 

• Complementary: gaW can be 
probed in some B decays [1,2]. 

• Assume all axions decay into 
two photons a→γγ.

1) https://arxiv.org/abs/1409.4792 
2) https://arxiv.org/abs/1611.09355
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FIG. 1. Excluded regions in ALP parameter space (figure adapted from [6, 10–12] with added

limits from [13–19]). Our bound is shown in dark blue (“SN decay”).

We focus on SN 1987a, which has already been exploited to derive a variety of limits

on ALPs. Perhaps the simplest one arises from the energy loss implied by significant ALP

emission, which would reduce the measured neutrino burst below the ⇠ 10 s observed by

neutrino detectors [20, 21] (light green region labelled SN 1987a in Fig. 1). For very light

ALPs with masses below m
a

< few⇥ 10�10 eV a better limit can be obtained by taking into

account that ALPs emitted from the supernova can convert into photons in the magnetic field

of the galaxy [22, 23], but no gamma-ray signal was ever detected after SN 1987a [17, 24–28]

(dark green region labelled SN 1987a)1. For heavier ALPs this does not work because the

reconversion into photons is strongly suppressed.

For su�ciently heavy ALPs with masses in the 10 keV - 100 MeV region however, an-

other process becomes possible: the decay into two photons. This possibility was analysed

1 For a future supernova the sensitivity could be improved employing Fermi-LAT [29].
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Axion-like particles.
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Summary.
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• Belle II offers high sensitivity to New Physics at the intensity 
frontier, largely complementary to LHCb. 

• Significantly higher beam backgrounds and much higher 
collision rate require improved hardware and new 
reconstruction algorithms.  

• Belle II will start detector commissioning (no VXD) end of 2017 
until mid 2018 (“Phase 2”). 

• The search for a dark photon decaying invisibly, and the search 
for an axion like particle may be possible even in “Phase 2”. 

• Physics data taking starts end of 2018. “50 × Belle” by 2025.



Entry#16

“CDC backward view after cabling”. This is CDC backward view on Jan 10th, 2016. 
After all cables, cooling pipe and dry air are connected. 



Backup



Peak luminosity over time.
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From KEKB to SuperKEKB.

*L = 50 ab-1 by 2025 (50x Belle)
Lpeak = 8 1 1035cm-2s-1 (40x KEKB)



Beam Paramaters.
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Table 1.1: SuperKEKB: parameters of the low energy (LER) and high energy (HER) accelerator rings [?].

LER (e+) HER (e�)
Energy 4.0 7.0 GeV
Half crossing angle 41.5 mrad
Horizontal emittance 3.2 4.6 nm
Emittance ratio 0.27 0.25 %
Beta functions at IP (x/y) 32 / 0.27 25 / 0.30 mm
Beam currents 3.6 2.6 A
Beam-beam parameter 0.0881 0.0807
Luminosity 8⇥ 1035 cm�2s�1

Table 1.2: Existing e

+

e

� datasets collected near ⌥ resonances.

Experiment Scans/O↵. Res. ⌥ (5S) ⌥ (4S) ⌥ (3S) ⌥ (2S) ⌥ (1S)
10876 MeV 10580 MeV 10355 MeV 10023 MeV 9460 MeV

fb�1 fb�1 106 fb�1 106 fb�1 106 fb�1 106 fb�1 106

CLEO 17.1 0.4 0.1 16 17.1 1.2 5 1.2 10 1.2 21
BaBar 54 Rb scan 433 471 30 122 14 99 �
Belle 100 121 36 711 772 3 12 25 158 6 102
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Backgrounds: KLM veto.
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Release-00-08-00 
Phase2 geometry 
Phase 2 beam backgrounds
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Dark Photon to Dark Matter.
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Preselection (reconstructed):
Calorimeter clusters sorted by energy in center of mass (CMS): G0, G1 
33° < θ0Lab < 127° (~100% trigger efficiency) 
E0CMS-dependent cut on θ0Lab for low E0CMS  
E1CMS < 0.1 GeV (background dependent) 
All Tracks pt < 0.2 GeV 
No KLM cluster back to back to G0 in CMS 
No KLM clusters in KLM veto regions (background dependent)
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Backgrounds: Efficiency.
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Release-00-08-00 
Phase2 geometry 
Phase 2 beam backgrounds
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Dark Photon: Planned Searches.
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