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Outline: 
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• Physics at Belle II



B-factory Achievements
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• Belle (KEKB@KEK) and BaBar (PEPII@SLAC) 
• Integrated luminosity: Belle >1 ab-1, BaBar ~550 fb-1



Search for new physics

• There is still space for new physics contributions 
• Open questions, e.g. 

• New CPV phases? 
• Sources of LFV beyond the SM? 
• Multiple Higgs bosons, dark sectors? 
• Discrepancies between experimental results and SM predictions (e.g enhancements in semi-

tauonic decays)?
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SuperKEKB

4

SuperKEKB Luminosity Project

SuperKEKB luminosity projection


Goal of Be!e II/SuperKEKB"

9 months/year

20 days/month


Commissioning starts

in early 2016.


Shutdown

for upgrade
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Calendar Year


Lpeak = 8 x 1035 cm-2s-1 (40 x KEKB) 

Lint > 50 ab-1 by 2024 (50 x Belle) 

An asymmetric electron-positron collider at KEK, Japan 
e+~ 4GeV  e-~ 7GeV 



Nano-Beam Scheme
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KEKB

E(GeV) 
LER/HER

β*y (mm) 
LER/HER

 ξy 
LER/HER

I (A) 
LER/HER

L 
(cm-2s-1)

KEKB 3.5/8.0 5.9/5.9 0.129/0.0
90

1.6/1.2 2.1x1034

SuperKEKB 4.0/7.0 0.27/0.30 0.0881/0.
0807

3.6/2.6 80x1034

 Lpeak = 8 x 1035 cm-2s-1 (40 x KEKB)

x 20 x 2 x 40



SuperKEKB Master Schedule
.. JFY2010      JFY2011   JFY2012   JFY2013  JFY2014  JFY2015 JFY2016 JFY2017     …

Now (May, 2016)KEKB 
operation

SuperKEKB construction

Phase 1 commissioning： 
- Vacuum scrubbing 
- Optics study

Dismantle KEKB Startup and 
conditioning

SuperKEKB 
operation

Phase 1 Phase 2, 3

Phase 1 beam tuning 
started on Feb. 2016 

Phase 2 commissioning： 
- Squeezing beta at IP 
- Beam collision tuning 
- Start physics data taking

Phase 3 commissioning： 
- Physics run with  
  full Belle II with VXD



Phase 1 Commissioning

• Feb. 1st - Feb. 7th 
     - Tuning of Beam Transport Lines (e-/e+) 
• Feb. 8th - Feb. 21st 
     - Commissioning of LER (e+ ring) 
     - Circumference check with wigglers 
• February 22nd - Mar. 5th 
     - Commissioning of HER (e- ring) 
     - In parallel with LER vacuum scrubbing and    
       possible studies at LER 
• Current status: 
     - Current: HER~0.6A, LER~0.7A 
     - Vacuum scrubbing 
     - Optics study 
     - Background study with BEAST II. 
     - Expected highest HER and LER current 1A
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SuperKEKB commissioning detector

• Beam Exorcism for a Stable 
ExperimenT II (BEAST II): 

– characterize beam backgrounds near the  
interaction point (IP) 

– Independent detectors to measure beam 
backgrounds
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• Beam backgrounds 
– Touschek effect (inverse 

beam size, current) 
– Beam-gas interactions 

(current, vacuum level) 
– Synchrotron radiation  
– Radiative Bhabha 

scattering (Lum.) 
– 4-fermion final state 

QED process (Lum.) 
• Total background 40 times 

larger than Belle 

Beam Gas Background in LER vs time



Belle II Detector
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electron  (7GeV)

positron (4GeV)

KL and muon detector: 
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps)

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

Central Drift Chamber 
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps)

Vertex Detector 
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe 
2cm diameter



Vertex Detector (PXD+SVD)
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SVD: 3-6 layers 
• 4 layers of strip detectors 
• Excellent timing resolution (σ ~ 2-3 ns) 
• covers the full Belle II angular acceptance 
      of 17o < θ < 150o

PXD: 1-2 layers 
• 2 layers of pixel detectors 
• Inner most layer very close to IP (r = 

1.4cm) 
• Excellent spatial granularity (σ≤15µm)



Central Drift Chamber (CDC)

• Upgrade 
– Extended outer radius  
– Smaller cell size 
– More layers for dE/dx measurements  
– Faster readout electronics 
– 3D trigger information  

• Current status 
– Ready for installation
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Belle Belle II

Radius of inner boundary (mm) 88 168

Radius of outer boundary (mm) 863 1111

Number of layers 50 56

Number of total sense wires 8400 14336

Gas He-C2H6 He-C2H6

Diameter of sense wire (mm) 30 30

Cosmic ray test 



16 bar modules arranged in a 
“roman arch”

Particle ID (Barrel)
• Time Of Propagation (TOP) 

• Cherenkov detector, quartz radiator 
• Cherenkov ring imaging with precision 

time measurement 
• Resolution for signal photons < 100ps 

• Installation completed on May 11, 2016! 
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Particle ID

• Forward endcap: Aerogel RICH:  
• K/π separation: 6σ at 4 GeV/c  
• Successful magnetic field test, 

installation in Autumn.
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π 
K

Belle 
Belle II



EM Calorimeter
Cope with higher particle rate 

1. Electronics upgrade: waveform sampling & fitting 
2. Endcap crystal update: (baseline option) pure CsI (short decay time)+ 

photopentode
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Early prototype tested at Belle



KL and Muon Systems (KLM) 

• Endcaps and two innermost barrel RPC layers of Belle were 
replaced with scintillators due to the increased backgrounds. 

• Installation completed 
• Commissioning in progress with cosmic rays
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Trigger and DAQ

• Challenge 
– High luminosity, high background 
– Low multiplicity signatures challenge trigger 

• Trigger 
– Hardware based Level 1 (L1) + software based High Level Trigger (HLT) 
– Develop trigger menu 

• DAQ 
– Maximum readout rate ~30 kHz  
– Event rate after HLT ~10 kHz 
– Parallel processing ~ 3000 cores
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Physics Prospects

• B and D decays 
– precision measurements of CKM elements 
– rare B and D decays 

• Beyond the Standard Model 
– new Higgs 
– dark photons or other dark matter particles 
– LFV 

• Hadron spectroscopy  
– 4-quark states 
– bottomonium spectrum  
– exotics states
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Penguin b→s decays
• Precision measurements of sin(2𝜷) is important for 

the search of new sources of CPV

•   b→s  transition via penguin diagram 
•   sensitive to possible new heavy particle 

contributions 

• Belle II 
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sin(2β) σ(stat)@
Belle

σ(stat)@Bell
e II 50 ab-1

B→ΦK0 0.09 0.018
B→η’K0 0.07 0.011
B→KsKsKs 0.32 0.033

sin(2βeff) ≡ sin(2φe
1
ff)

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G

M
or

io
nd

 2
01

4

H
FA

G

M
or

io
nd

 2
01

4

H
FA

G

M
or

io
nd

 2
01

4

H
FA

G
M

or
io

nd
 2

01
4

H
FA

G

M
or

io
nd

 2
01

4

H
FA

G
M

or
io

nd
 2

01
4

b→ccs

φ 
K0

η
′ K

0

K S 
K S 

K S

π0  K
0

ρ0  K
S

ω
 K

S

f 0 K
S

f 2 K
S

f X 
K S

π0  π
0  K

S

φ 
π0  K

S

π+  π
-  K

S 
N

R
K+  K

-  K
0

-2 -1 0 1 2

World Average 0.68 ± 0.02
BaBar 0.66 ± 0.17 ± 0.07
Belle 0.90 +-0

0
.
.
0
1

9
9

Average 0.74 +-0
0

.

.
1
1

1
3

BaBar 0.57 ± 0.08 ± 0.02
Belle 0.68 ± 0.07 ± 0.03
Average 0.63 ± 0.06
BaBar 0.94 +-0

0
.
.
2
2

1
4 ± 0.06

Belle 0.30 ± 0.32 ± 0.08
Average 0.72 ± 0.19
BaBar 0.55 ± 0.20 ± 0.03
Belle 0.67 ± 0.31 ± 0.08
Average 0.57 ± 0.17
BaBar 0.35 +-0

0
.
.
2
3

6
1 ± 0.06 ± 0.03

Belle 0.64 +-0
0

.

.
1
2

9
5 ± 0.09 ± 0.10

Average 0.54 +-0
0

.

.
1
2

8
1

BaBar 0.55 +-0
0

.

.
2
2

6
9 ± 0.02

Belle 0.91 ± 0.32 ± 0.05
Average 0.71 ± 0.21
BaBar 0.74 +-0

0
.
.
1
1

2
5

Belle 0.63 +-0
0

.

.
1
1

6
9

Average 0.69 +-0
0

.

.
1
1

0
2

BaBar 0.48 ± 0.52 ± 0.06 ± 0.10
Average 0.48 ± 0.53
BaBar 0.20 ± 0.52 ± 0.07 ± 0.07
Average 0.20 ± 0.53
BaBar -0.72 ± 0.71 ± 0.08
Average -0.72 ± 0.71
BaBar 0.97 +-0

0
.
.
0
5

3
2

Average 0.97 +-0
0

.

.
0
5

3
2

BaBar 0.01 ± 0.31 ± 0.05 ± 0.09
Average 0.01 ± 0.33
BaBar 0.65 ± 0.12 ± 0.03
Belle 0.76 +-0

0
.
.
1
1

4
8

Average 0.68 +-0
0

.

.
0
1

9
0

H F A GH F A G
Moriond 2014
PRELIMINARY



EWP: B→K(*) νν
• SM: penguin + box digram 

• Βelle:
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BSM(B+→ K+νν) = (4.0±0.5)x10-6 
BSM(B0 →K*0νν)= (9.2±1.0)x10-6 

arXiv: 1409.4557 

Belle, PRD 87, 111103(R) (2013)

B(B+→ K+νν) <5.5x10-5 , 
Nsig=13.3+7.4-6.6, 2.0σ 

B(B0 →K*0νν)<5.5x10-5 

Belle II: 
Νsig~91.5±32.2@50 ab-1 



Semi-leptonic B decays
Semi-tauonic decay modes are highly sensitive to new physics  


B → D(*) τν : WA is ~4σ from the SM! 
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LFV τ decays 

• Lepton Flavour Violation is highly suppressed in the SM (e.g. Br(τ→µγ) ~10‒40), 
LFV τ decays are clean probes for New Physics effects  

• Belle II : Sensitivity for LFV decay rates is at least one order higher than Belle
21

Extrapolations for Belle II (50 ab−1) 



Dark Sector

• Dark photon A’, motivated be in 
MeV-GeV mass 
• probe leptonicaly decaying dark 

photons through mixing 
• probe sub-GeV dark matter in 

invisible decays

22

A’ →ll A’ →invisible



Summary

• Rich physics at Belle II, e.g. new CPV phases, LFV, dark 
sectors, exotic states. 

• Many upgrades: accelerator, detector, trigger, and DAQ etc. 
• SuperKEKB phase 1 commissioning has started. 
• Belle II will start physics data taking in 2017 with part 

detectors (no VXD) and with all detectors in 2018. 
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Backup
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e- 2.6 A

e+ 3.6 A

To obtain x40 higher luminosity

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe 
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Redesign the lattices of HER & LER 
to squeeze the emittance 

Add / modify RF systems for 
higher beam current

New positron target / 
capture section

New superconducting /
permanent final focusing  
quads near the IP

Low emittance electrons to 
inject

Low emittance positrons to 
inject

Replace short  dipoles with 
longer ones (LER)

KEKB ! SuperKEKB
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Belle II Collaboration

570 Members 
98   Institutions 
23   Countries/regions
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