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My Cards 

Master thesis
A-dependence of 
K- + ‘p’ → K+ ‘Ξ’

at KEK-E176

Doctor thesis
H-dibaryon search 
at BNL-E813/836

Present research
b-quark 
physics at Belle/
Belle II

exactly match to my research history 
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Talk Outline

B Physics (Heavy Flavor Physics)
Belle II, LHCb, …

Lattice QCD

+
Status of SuperKEKB/Belle II
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Value of b-quark 
card is high !



SuperKEKB/Belle II
• New intensity frontier facility

• Target luminosity ; Lpeak = 8 x 1035cm-2s-1  

Lint > 50 ab-1 by early 2020’s.                   

⇒ ~1010 BB, τ+τ- and charms per year ! 

Lpeak (KEKB) 
=2.1x1034cm-2s-1

SuperKEKB

4



Motivation of Belle II
• Search for New Physics through processes sensitive to 

presence of virtual heavy particles.

• Complementary to direct search in LHC high PT programs.

Belle II

Belle

Flavor Frontier

Energy Frontier
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Tasting New Physics
Variety of observables w/ different sensitivity to 

New Physics models.
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Elucidation of  New Physics scenario.



Unresolved issues 
Indication of New Physics ?

• Anomalies in b → s l l data

• Enhanced Br(B→D(*) τ ν) rate

• Bs → μ μ and Bd → μ μ
• Tension between excl. – incl. |Vxb|

• Large CPV in charm decays

• LFV in Higgs decay H→μτ (CMS)

• (g-2)μ (BNL-E821)        etc.
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The most recent results were 
summarized in FPCP2015 @ 
Nagoya (May 25-29)

Lattice QCD
• f B→D

• f B→π, Κ
• f B
• f D→π, Κ
• f D



Belle II & LHCb
Heavy Flavor data (B/D/τ) with ultimate 

precision become available !

8

Νote: two lines are not in the same units

pp collision
large production rate

e+e- collision
low background

Ferrari 
はやっ! Powerful ! Clean !

TOYOTA FCV
COMING SOON ! 



Flavor Physics & Lattice
• If LHC (ATLAS/CMS) finds NP, their effects will 

emerge also in flavor physics observables, and they 
provide useful information for elucidation of NP.

• If LHC finds no NP, precision flavor measurements 
provide unique ways to find NP.

• In either case, lattice QCD inputs are of crucial 
importance to study or find NP in flavor physics 
measurements !
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… Cosmic inflation can be indirectly 
detected by B-mode polarization of CMB.
It requires very good understanding of 
foreground backgrounds !



Key Measurements @ Belle II

• CPV in b→s penguin decays

• FCNC

• Tauonic decays

• LFV τ decays

Ultimate measurements down to theory error !

arXiv:1002.5012
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Uniqueness of Belle II
• Fully reconstructed tags to produce “offline B meson beam”.

- Strong tool for modes with neutrinos

B→X lν, X τν, τν , K(*)νν…

• Excellent γ& π0 detection capability

• S (KS
0π0γ), Br(XSγ), ACP(XSγ)

ϒ(4S)
BsigBtag

π

 ℓ

νπ

π

π

K

Signal sideTag side

Belle hadronic tags w/ NeuroBayes

 NIM A654, 432 (2011)

771M BB

11
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Precision CKM Measurements
• Comparison between 

- tree-based ; |Vub| +φ3

- loop-based ; φ1, φ2, |Vtd|

→ NP in loop

• Belle II is unique for |Vcb| and |Vub| Relative amplitude phase
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Belle$II$5ab)1$+$LHCb$70)1$ Belle$II$50ab)1$+$LHCb$500)1$



Lattice QCD and Belle II
• Lattice QCD is important for CKM physics.

USQCD “Lattice QCD at the Intensity Frontier”
http://www.usqcd.org/documents/13flavor.pdf

• Also for rare decay processes: e.g.: BàK(*)l+l-, BàK* γ
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Time-dependent CPV

• Larger acceptance for Ks decay vertex 
+30%

• Improved vertex resolution
σ(Z)~18μm @ Belle II  ↔  ~61μm @ Belle

→ less systematic error
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Increasing sensitivity to NP

Increasing Tree diagram amplitude 



Φ1 (≡β) Projection
Belle II projection for sin2φ1 
from B→J/ψKs
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Belle II projection for sin2φ1eff 
from b→s s s processes



|Vub| at present 18

Persistence tension between inclusive and exclusive |Vub|

arXiv: 1504.01568

Exp. LQCD Norm. Right-handed current ?

New @ FPCP2015

B → π l ν result from 
FNAL-MILC 
|Vub| = (3.72 ± 0.16) x10-3

Inclusive result in PDG2014 
|Vub| = (4.41 ± 0.22) x10-3



|Vub| Prospect at Belle II

• Belle II should resolve the “|Vub| 
problem”.

• Precision of the tagged B → πlν 
will be similar to the untagged 
one.

Belle II Internal 
Note #0021

Theory error for Inclusive |Vub| 
uncertainty (2.5% in GGOU 
4.5% in BLNP approach)  
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[PRD 88, 032005 (2013)]



3.5 σ dev. from SM�

EW / Radiative Penguin
• Anomalies in b → s l l 

have been seen by LHCb
✓ P5’ in B → K* μ μ 

✓ Br (Bs → φ μ μ)  
✓ Lepton non-universality 
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3.7 σ dev. from SM�

RK ⌘ �(B+ ! K+µ+µ�)

�(B+ ! K+e+e�)
= 0.745+0.090

�0.074(stat)± 0.036(syst)RK ⌘ �(B+ ! K+µ+µ�)

�(B+ ! K+e+e�)
= 0.745+0.090

�0.074(stat)± 0.036(syst)
2.6 σ�

• Belle II can measure inclusive B→Xsll, and also Kνν

New @ 
FPCP2015



Time-dep. CPV in b→s,d + γ
• In SM, photon from b→s,d + γ is 

almost left-handed.

• Right-handed photon causes 
interference, and large CPV.

SM prediction
S(B ! V �) ' �2ms

mb
sin2�1

|S(B ! K⇤�)|  0.02

|S(B ! ⇢�)| ⇠ 0

SUSY models
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Charged Higgs in B decays

• Charged Higgs exchange may modify (semi-) leptonic 
B decays to the τ lepton final state.

mb tanβ +mc(u) cotβ

tanmτ β

cb

τ +

ντ

W+/H+

τ +

ν

mb tanβ +mc(u) cotβ
tanmτ βb

u

W+/H+

B ! D⌧⌫B ! ⌧⌫

B

20

fB fB!D

Different theoretical systematics



B→D(*)τν
• BaBar observes 3.4 σ excess over the SM expectation.

• It excludes Type-II HDM.

• New results from Belle and LHCb reported at FPCP2015.
• LHCb result is consistent with SM
• Belle result is consistent with SM and also with BaBar.  It does 

not exclude Type-II HDM.
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R(D) =
�(B ! D⌧⌫)

�(B ! D`⌫)

R
(D

⇤ )
=

�
(B

!
D

⇤ ⌧
⌫
)

�
(B

!
D

⇤ `
⌫
)

BaBar�

Belle�

LHCb�

SM�
NE
W!�

NE
W!�

Theory expectation 
(Type-II HDM)

Measured



B→D(*)τν at Belle II
22

• Better low-momentum and SVD only tracking 
→ better D* reconstruction 
→ Better tagging efficiency than Belle

• Polarization of τ also can be measured at Belle II



• Branching fraction in SM

• Global CKM fit predicts

• In New Physics

Leptonic decay: B → τ ν 

B(B ! ⌧⌫)SM = (0.753+0.102
�0.052)⇥ 10�4

B(B ! ⌧⌫) = rH · B(B ! ⌧⌫)SM

rH =

✓
1� m2

B

m2
H+

tan2�

◆2

rH =

✓
1� m2

B

m2
H+

tan2�

1 + ✏̃0tan�

◆2

Type-­‐II	
  2HDM	
  
W.S.	
  Hou,	
  PRD	
  48,	
  2342	
  (1993)

SUSY	
  
A.G.	
  Akeroyd,	
  S.Recksiegel,	
  J.	
  Phys.	
  G29,	
  2311	
  (2003)

Br
(B
à
τν
)
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B→τν at Belle II
24



Charged Higgs at Belle II

• All experimental inputs are assumed 
to be SM values.

• Experimental uncertainties are 
estimated based on Belle II TDR.

• Improvement of theory side is not 
included except for B → τν.
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B	
  à	
  τν B	
  à	
  D*τνB	
  à	
  Dτν

now

50	
  ab-­‐1 50	
  ab-­‐1

now now

50	
  ab-­‐1

Excl.	
  at	
  
6σ	
  
5σ	
  
4σ	
  
3σ	
  
2σ	
  

B	
  à	
  Xsγ

Exp. Th.

Now 5	
  ab-­‐1 50	
  ab-­‐1 Now
B	
  →	
  τν 25% 10% 3% -­‐7+14%

B	
  à	
  Dτν 30% 11% 4% 4%

B	
  à	
  D*τν 19% 7% 2% 2%

B	
  à	
  Xsγ 7% 5% 4% 7%

Y. Sato (Nagoya)



LFV τ Decays

• 48 tau LFV modes have been searched for at B-factories.

• Note: need theorists’ help to relate them (other than lγ,lll) to NP
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• SuperKEKB provides also large sample of τ decays (Nτ ~NB)

• Lepton-Flavor-Violating decay is an unambiguous NP signal !

τ → µγ  

τ µ

γ

τ
χ0

!µ

(ml
2 )23(13)

τ → µµµ 
τ µ

µ

µ

h



Belle II and (g-2)μ
• BNL-E821

aexp
µ

= 116 592 089 (63)⇥ 10�11 0.54 ppm
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New experiments at J-PARC and Fermilab is aiming at 0.1ppm precision, 
→ requires reducing also the error for hadronic vacuum polarization 
effects.

T. Blum et al. (1311.2198)

[20] Davier et al. (2011)
[21] Hagiwara et al. (2011)

3.4 σ diff. from SM pred. ?



Measurement w/ ISR
• BaBar, Frascati (KLOE/KLOE-2), BES III
✓ Pros : Better control of systematic errors 

(within a single experiment) 

✓ Cons : Reduced statistics (1/α reduction)

✓ Overcome by large luminosity at Belle II. s0 = s(1� 2E⇤
�/

p
s )
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• Belle could not measure π+ 

π- due to trigger problems 
unfortunately. 

• Result for π+π-π0 available.

Belle II provides useful inputs to (g-2)μ prediction



Hadron Spectroscopy
• Many charmonium-like and also bottomonium-like hadrons are observed. 
• Many of them do not fit to the mass spectra predicted by the quark model.

DD
DD*

Can lattice QCD explain 
these states ?

Tetraquark ?

Hybrid ?

D(*)D(*) Molecule ?

e.g, Sasa Prelovsek, Luka Leskovec
arXiv:1307.5172, 
Talk by Sasa Prelovsek @ Lattice2014
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SuperKEKB Accelerator
• Low emittance (“nano-beam”) scheme employed

SuperKEKB
LER/HER

KEKB
LER/HER

E(GeV) 4.0/7.0 3.5/8.0

εx (nm) 3.2/4.6 18/24

βy at 
IP(mm)

0.27/0.30 5.9/5.9

βx at 
IP(mm)

32/25 120/120

Half crossing 
angle(mrad) 41.5 11

I(A) 3.6/2.6 1.6/1.2

Lifetime ~10min 130min/
200min

L(cm-2s-1) 80×1034 2.1×1034

proposed by P.Raimondi

KEKB

SuperKEKB

Beam at IP will be 
squeezed by 1/20.

Beam currents will be 
doubled.

Machine parameters
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e- 7 GeV 2.6 A

e+ 4 GeV 3.6 A

x 40 Gain in Luminosity

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-­‐coated	
  beam	
  pipe	
  with	
  
antechambers	
  in	
  LER

Redesign	
  the	
  laVces	
  of	
  both	
  rings	
  
to	
  reduce	
  the	
  emiWance	
  

Add	
  /	
  modify	
  RF	
  systems	
  for	
  
higher	
  beam	
  current

New	
  positron	
  target	
  /	
  
capture	
  secZon

New	
  superconducZng	
  final	
  
focusing	
  quads	
  near	
  the	
  IP

Low	
  emiWance	
  electrons	
  to	
  
inject

Low	
  emiWance	
  positrons	
  to	
  
inject

Replace	
  short	
  	
  dipoles	
  with	
  
longer	
  ones	
  (LER)



Belle II Detector
q Deal with higher background  (10-20×), radiation damage, higher occupancy, higher 

event rates (L1 trigg. 0.5→30 kHz)
q Improved performance and hermeticity
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Belle II Collaboration
• 23 countries, 99 institutes, 600+ collaborators.
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Construction & Commissioning Schedule
35



BEAST Phase 1 
• During Phase 1 and 2 a commissioning detector will be 

used to measure beam backgrounds.
• BEAST Phase 1 starts in January 2016.
• IR beam pipe has been installed
• BEAST detectors are being installed. 
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Central Drift Chamber
• Belle II CDC is larger than Belle CDC.
• CDC construction has been done !
• Commissioning with cosmic rays in 

progress.
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TOP Counter (PID)
• Time-Of-Propagation (TOP) technique: precision timing of 

internally reflected Cherenkov photons produced in accurately 
polished quartz radiator (~50ps/photon).
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• Key technologies;
• MCP-PMT and electronics to detect single 

photon with ~ 50ps resolution.
• Accurately polished quartz optics, and 

mechanics.

• Performance has been demonstrated 
with a beam test at Spring-8. 



TOP Counter Production
TOP counter module production in progress to 
complete by April 2016.
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Vertex Detector
• New vertex detectors:
✓ 2-layer pixel detector based on DEPFET (Depleted P-chennel 

Field Effect Transistor) technology.
✓ 4-layer DSSD (Double Sided Silicon Detector).

• Beam pipe radius reduced to 1cm from 2cm →1.5cm for Belle

40

March 23, 2015
First electrically working 
DSSD ladder completed



Summary

• The Belle II experiment at SuperKEKB aims to find NP 
with ultimate precision measurement (a few %, typically) 
of heavy flavor decays (O(1010) samples / year).

• Lattice QCD provides crucial inputs to extract physics.

✓ Need precise enough calculations timely !

• We will start

✓ Commissioning of SuperKEKB in 2015.

✓ Belle II physics run in 2017 w/o vertex, and in 2018 w/ 

Let’s Keep in Touch !
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My Cards 
42

Master thesis
A-dependence of 
K- + ‘p’ → K+ ‘Ξ’

at KEK-E176

Doctor thesis
H-dibaryon search 
at BNL-E813/836

Present research
b-quark 
physics at Belle/
Belle II

exactly match to my research history 

Wish values of these cards become higher and higher !



Hmm…
えっ？

My 4th card

May indicate the subject of my next research
What is it ?
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My 4th card

May indicate the subject of my next research
What is it ?
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Hopefully, it is something new !

~
Yeah !



Backup
44
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Belle$II$5ab)1$+$LHCb$70)1$ Belle$II$50ab)1$+$LHCb$500)1$
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Relative amplitude phase



2ρ

0 0.5 1 1.5 2

]
-3

| [
10

cb
 |V×

F(
1)

 

30

35

40

45

HFAG
PDG 2013

ALEPH

CLEO

OPAL(part. reco.)

OPAL(excl.)

DELPHI
(part. reco.)

DELPHI (excl.)

BELLE
BABAR (excl.)
BABAR (D*0)
BABAR (Global Fit)

AVERAGE

 = 12χ ∆

/dof = 30.0/232χ

|Vcb| at present
• Exclusive |Vcb| (relevant to lattice QCD) comes mainly from B0 → D*- l+ ν.

• Precision at the level of ~2%, but slight difference from inclusive (~2σ).

|Vcb|excl = (39.04 +/- 0.49exp +/- 0.53QCD+/- 0.19QED) x 10-3

F(1) = 0.906 (4) (12) [arXiv:1403.0635] 

|Vcb|incl = (41.88 +/- 0.73) x 10-3 
arXiv:1207.1158W. Dungel et al. PRD 82, 112007 (2010)
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|Vcb| Prospect at Belle II

• Tagged measurement of B → D*lν and B → Dlν will yield |Vcb| with a 
similar level of precision.

→ Require good prediction for F(w) and G(w) 

• Improvement in inclusive |Vcb| will be far modest.

Expected relative uncertainty in |Vcb| from B → D*lν

Belle II Internal 
Note #0021

Tracking eff.
(statistics limited)

Normalization: N(Υ(4S)), f±/f0, B0 lifetime, 
Br(D*àD0π), Br(D0àKπ) 
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Prospect for D Leptonic Decays
• Important for both testing the SM and search for NP.

• Belle developed the method to tag D 

Belle II Internal 
Note #0021

Irreducible error sources
• Br(τàX), Br(DS), D0/D+ fraction in cc fragmentation

• Data-MC difference in EECL(residual energy recorded in EM calorimeter)
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JHEP 1309, 139 (2013)


