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The legacy of the B-factories   
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b→ sγ

B→ τν,Dτν

•  The 1st generation of B-factories, BaBar and 
Belle collected about 1.5 ab-1 of data during 
1999 – 2010. 

•  Made significant contribution to the 
understanding of the flavor dynamics in the 
Standard Model.
§  Discovery of CP violation and confirmation of the 

CKM description of flavor physics.
§  Precision measurement of the CKM matrix 

elements and the angles of the unitarity triangle.
§  Search for rare decays such as 
§  Constraints on various new physics models from 

the measurement of      branching ratio.
§  Observation of several new hadronic states,
     such as X, Y, Z states.
§  Strong evidence of D meson mixing.
§  Constraints on CP-odd light Higgs in the NMSSM 

and other charged Higgs model.  



Belle II at SuperKEKB   
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•  KEKB e+ e- collider is being upgraded
     to SuperKEKB collider.

§  40 times more luminosity than KEKB; 
     Collect 50 ab-1 by 2024.
§  Belle detector is getting upgraded to 
     Belle II detector to deal with the higher 
     background due to the higher luminosity.

•  Belle II provides a unique opportunity
     to constrain and search for new  physics 
     at the intensity frontier in a complementary way to LHC.

§  Most of the final state particles are exclusively reconstructed. Much cleaner 
environment. 

§  Search for NP through precision measurement of rare and suppressed processes
•  Still room for corrections from NP at O(10%).    

§  Resolve the tensions between results from B –factories. Explore these possible hints 
for NP with higher precision.

•  Only a few selected topics will be presented in this talk.
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Feb	2016:	First	turns	at	SuperKEKB;	2017:	All	accelerator	hardware	now	in	place.		
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Accelerator Upgrade    
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Belle II Physics Prospects – CKM 
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•  Is the unitary triangle really a triangle
Currently, 
•  Angle         is measured with 1o accuracy;
angles             and                           accuracy

•  Accuracies for   

φ1(β)
φ2 (α) φ3(γ ) ~ 5−15

0

Vcb ~ 3%;Vub ~10%;
Vtd ~ 7%;Vts ~ 6%;Vtd /Vts ~ 3%

(α +β +γ ) = (175± 9)!



Belle II Physics Prospects – CKM 
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B→ Xclν,B→ Xulν

B→D(*)lν,B→ π lν

fromB→D(*)K (*)

φ3

φ3(γ ) :1.6
!

|Vub |

|Vub| Currently:		
δexp ~ 3.4%,

•  Improvement in theoretical calculation is crucial.
•  With a larger dataset, Belle II will make significant
      contribution to the improvement in the determination of       and  
 

δth ~ 4.5%

Expected precision from
														(Untagged)B→ π lν

δ|Vub |
50ab−1 =1.3%

•  Tension in the Inclusive and Exclusive 
measurements of Vcb and Vub 
ü  Inclusive:                                   , Hadronic 

tag, SL tag, Untagged.
ü  Exclusive: 



Belle II Physics Prospects –  
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B→D(*)τν
•             transitions are sensitive to NP models with charged Higgs, i.e. 2-Higgs Doublet 
Model -type II (2HDM-II)

        coupling is proportional to the lepton mass.   

b→ clν

H ± − l

At the B-factories, 
measure the ratio: R(D(*) ) = Br(B→D(*)τν )

Br(B→D(*)lν )

Ø  Various uncertainties cancel in the ratio. Very 
clean theoretical predictions:

ü  Theoretical Uncertainty: 2-5%
ü  Branching fraction: 1-2%, |Vcb| mediated, no 
     helicity suppression. 
ü  Charged Higgs couples at the tree level.
ü  Can enhance the rate by an order of magnitude.

R(D) = 0.300± 0.008, 0.299± 0.011
[HPQCD 2015, FNAL/MILC 2015]

R(D*) = 0.252± 0.003 [S. Fajfer et. al. 2012] 

       deviation from the SM observed in 4σ B→D(*)τν

~2-3% precision with 50 ab-1 :           deviation.  14σP τ( ) = −0.38± 0.51−0.16+0.21
Interest	in	D*	and	tau	polariza-ons.	Recent	Belle		
result:		 PRL	118,	211801	(2017)		



Belle II Physics Prospects –  
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B→ τν



Belle II Physics Prospects –  
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B→ τν

Belle Sensitivity

•  Current world average   
(hadronic and SL tag)

•  No deviation from SM.
•  With 50 ab-1, the experimental
      sensitivity will reach ~6%.

BR = (1.09± 0.24)×10−4

Belle	II	projec-ons	for	
charged	Higgs	sensi-vity	



Belle II Physics Prospects – Charm Physics  
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•  Strong evidence of            mixing at the B-factories. Similar to neutral kaon mixing.
•  D0  meson mass eigenstates are expressed as:

                             with p2 + q2 =1

If p = q, the two mass eigenstates are CP-even and CP-odd; otherwise CP is violated. 
•  Charm mixing is characterized by the parameters:                      and                  
        and        are the mass and decay width differences of mass eigenstates, respectively
and     is the average D0 decay width and     , the phase of (q/p). 

D0 −D0

D1,2
0 = p D0 ± q D0

x = Δm / Γ y = ΔΓ / 2Γ
Δm ΔΓ

Γ φ

 Belle Uncertainty 
        (~0.9 ab-1) 

 Belle II Uncertainty 
        (~50 ab-1) 
 

x ~ 0.21% ~0.08% 
y ~0.17% ~0.05% 

|q/p| ~0.18 ~0.06 
~0.21 ~0.07 φ

       Charm mixing in D0 → Ksπ
+π −



Belle II Physics Prospects – Charm Decays  
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•  Large data sample from Belle II will improve the measurements of mixing parameter in 
     the charm sector.

•  Will enable direct and indirect measurements of CPV.
•  Substantial improvement in the proper time resolution with respect to the
      B-factories.
•  New tagging method based on the rest of the event are being developed. 

•  Search for rare decays in the charm sector such as         
•  FCNC mode: Expected BF ~ 10-8

•  Belle: BF < 8.5 X 10-7 @90% CL.
•  Belle II Sensitivity with 50 ab-1 data: BF ~ 10-7 – 10-8

D0 → γγ

PRD 93, 051102 (2016)

Belle	



Lepton Flavor Violation in τ Decays   
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•  LFV violation in the charged leptons is highly suppressed in the SM even 
after the inclusion of neutrino masses:
§  Neutrino masses are expected to be much smaller compared to the 

electroweak scale, MW ≈ 80.4 GeV.
§  Searches of LFV in the SM is beyond experimental reach:

•  Observation of LFV in the charged lepton is a clear signal for NP beyond 
SM:
§  Many extensions of the SM  such as supersymmetry, little Higgs models, 

extra dimensions predict enhanced LFV.
§  LFV in  τ  decays can be as high as O(10-8) 

•  Within the reach of Belle II

B(τ→ lγ )∝
M 2

ντ
−M 2

νl

M 2
W

⎛
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≈10−50 ~10−54
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Lepton Flavor Violation in τ Decays   

•  Belle II: Sensitivity for LFV decay rates is over 100 times higher than 
Belle for the cleanest channels (           ) and over 10 times higher for 
other modes, such as           (due to irreducible background contributions)

•  Belle II will collect about 1011 τ leptons compared to 109 presently 
available. 

Extrapola)ons	for	Belle	II	(50	ab-1)		

τ→ lγ
τ→ lγ

LHCb,	CMS	and	ATLAS	have		
very	limited	capabili-es.	



SuperKEKB/Belle II Schedule
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•  Phase I (2016): beams, no collisions, cosmics
•  Phase II (2018): collisions, complete Belle II detector except SVD. 
•  Phase III (end of 2018 – 2024): Full Belle II detector on, Physics run.



Summary 
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•  B-factories have already provided unprecedented information on the 
flavor dynamics in the SM.
§  CPV in B-meson decays, evidence for D meson mixing. 
§  Provided unexpected new results: new states such as the X, Y, Z states.
§  Hints of NP through measurement of lepton non-universality, in the 

decay of 

•  Belle II experiment under construction  currently.
§  Start of full Physics run: 2018, reach 50 ab-1 by 2023 – 2024.
§  Belle II detector rolled to the beam collision point in April 2017. Detector 

integration is continuing. 
§  Accelerator commissioning is ongoing, beam was turned on in Feb 

2016.
§  Belle II with 50 ab-1 data will provide greater sensitivity and 

complimentary approach to LHCb in many areas of flavor physics. 
•  Unparalleled  sensitivity to Unitarity triangles, CPV in the charm physics, 

spectroscopy, NP searches at the loop level … 
  
  

B→D(*)τν



Backup Slides
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Dark sector searches   
•  Theoretical models attempting to explain the muon (g-2) anomaly 

introduces a low-mass spin-1 particle, A/

§  Gauge coupling of electroweak
scale to dark matter, much smaller
coupling to SM hypercharge.
§  Can mix with the SM photon with
a mixing strength
§  Values as high as
and masses in the GeV range 
possible. 

     

ε <<1
ε ~10−3

•  Challenging signature: 
§  Special single photon trigger required.
§  The early dataset from Belle II will provide an
 unique opportunity for searches in the dark sector



Physics Prospects: Belle II Vs LHCb
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Physics Prospects: Belle II Vs LHCb
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Central Drift Chamber (CDC)
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Belle II Tracking Detectors    



SuperKEKB nanobeams    
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Europe	 285	

Austria	 14	

Czechia	 7	

Germany	 110	

Italy	 73	

Poland	 11	

Russia	 46	

Slovenia	 17	

Spain	 4	

Ukraine	 3	

America	 119	

Canada	 23	

Mexico	 11	

USA	 85	

23countries/regions 
101 institutions 
~750 researchers	

Belle II Collaboration 	

Asia	

Saudi Arabia	 3	

Australia	 36	

China	 29	

India	 40	

Japan	 161	

345	

Korea	 44	

Malaysia	 5	

Vietnam	 2	

Taiwan	 22	

Thailand	 2	

Turkey	 1	

As	of	Mar.	2017	

+France	since	June	2017	
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Belle II Tracking Detectors    
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Belle II Tracking Detectors    
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Belle II Tracking Detectors    


