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Belle II Experiment

•40 times higher instantaneous luminosity from KEKB to SuperKEKB:


•Detector upgraded for intenser particle multiplicity and tracking capacity


•Physics data taking with full detector will start soon

8 × 1035cm−2s−1
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SuperKEKB/Belle II Schedule

Phase 1: Bean operation run (2016)  ✔ 


Phase 2: Commissioning run (2018)  ✔ 


•With partial vertex detector


•Collected int. L = 0.5fb-1


Phase 3: Physics run                         ⇐


•Will start in March 2019


•9 months/year operation


•Will reach “flavor milestone” in two years


•will record integrated luminosity 50ab-1 by 2025
Physics data is 

coming!!
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Event Reconstruction with Tagging Techniques

• Untagged 

• Loose constraints on signal

• Very large statistics, but also very large background

• Efficiency


• Semileptonic tag

• Mid-range reconstruction efficiency 

• Due to multiple neutrinos, less information about Btag


• Hadronic tag

• Cleaner sample

• Knowledge of p(Bsig) 

• Low tag-side efficiency
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Improved Tagging Algorithms
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Btag

Courtesy of W. Sutcliffe

Phase 2 data
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Long-Standing Puzzle: Inclusive vs. Exclusive |Vcb| & |Vub|

• 3.5σ discrepancy between excl. vs. incl. 

• LHCb provided ratio with baryonic b-decays (NP 2015)

• Leptonic measurements not precise enough, favours 

inclusive results 

• More precise leptonic measurements needed

Vub

• 3σ deviation between excl. vs. incl. 

• PDG2018 exclusive value based on only measured 

unfolded differential decay rates in                             
from Belle using BGL parameterisation 1702.01521


• More unfolded results needed

B0 → D*+ℓ−vℓ

Vcb

https://www.nature.com/articles/nphys3415
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Exclusive |Vcb| in 

• Recent two measurements from Belle (both provide unfolded differential decay rate )


• Hadronic tagging allows missing mass constraint on signal side


• Leading systematic uncertainty is from hadronic tag calibration (can be improved with FEI for Belle II)


• Extract |Vcb| requires form factor parametrisation and LQCD input as normalisation


• Bonus: separating electron-muon to test lepton flavor universality via  

B → D(*)ℓν

B → D*ℓν

w = (M2
B + M2

D(*) − q2)/2MBMD(*)

1702.01521 PRD 93, 032006 (2016)

B → Dℓν

M2
miss = (pe+e− − pBtag

− pD(*) − pl)
2

Re/μ

https://arxiv.org/pdf/1702.01521.pdf
https://arxiv.org/abs/1510.03657
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Form Factor: CLN or BGL ?

• Change from CLN to BGL lead to 10% discrepancy in |Vcb| determination


• Might resolve inclusive vs. exclusive puzzle


• Full kinematic dependence of                      f.f. from LQCD is underway

Courtesy of F. Bernlochner

Similar results seen in 
PRD 94, 094008(2016) PLB 769, 441(2017)
PRL 109, 071802(2012) PRD 92(5), 054510(2015)

B → D*ℓν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.094008
https://arxiv.org/abs/1703.06124
https://arxiv.org/abs/1206.4992
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054510
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Inclusive 

• Latest measurement is from the year 2010! 


• Current global fit based on measured moments of 


• 2% tot. uncertainty limited by theoretical uncertainty (1.2%~1.4% at Belle II 50ab-1)


• New method using      moments has been proposed 1812.07472

B → Xclν

Γ =
G2

Fm5
b

192π3 Vcb
2

(1 +
c5(μ)⟨O5⟩(μ)

m2
b

+
c6(μ)⟨O6⟩(μ)

m3
b

+ 𝒪 ( 1
m4

b ))

El, M2
X

q2

https://arxiv.org/abs/1812.07472


�10

Untagged                  @ Belle II MC
Belle II Physics Book 

B → πlν

π 

Rest Of Event

• Select good pion and lepton (>1 GeV/c)


• Assuming neutrino is the only missing particle


• Optimized BDT selection in ROE


• Background suppressed by M2
miss, cos θBY, Mbc, ΔE

cos θBY =
2E*BE*Y − M2

B − M2
Y

2p*B p*Y
Mbc = (s/2 + pB ⋅ pe+e−)2

E2
e+e−

− p2
B ΔE =

pB ⋅ pe+e− − s/2

s
M2

miss = (pe+e− − pπ − pl − pROE)2

https://inspirehep.net/record/1692393
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Tagged                 @ Belle II MCB → πlν

M2
miss = (pe+e− − ptag − pπ − pl)

2

• Select good pion and lepton (>1 GeV/c)


• With new tagging algorithm FEI


• Precise tag knowledge


• Belle II aims at excl. |Vub| exp. σ ~4% (now 5%) 

Belle II Physics Book 

BCL fit (N=3+1)

π 

https://inspirehep.net/record/1692393
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Inclusive 

π 

B → Xulν
• Challenge in high b→c background

• Inclusive + exclusive hybrid modelling

• Large theoretical uncertainty close to end point

• Belle II aims at inclu. |Vub| exp. σ ~3% @50fb-1 (now 5%)

• Latest measurement based on electron energy spectrum fit BaBar 2017

Theoretical prediction on B → Xueν
Normalised to fitted rate

B → Xulν

π

η

ρ
ω

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072001
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A Global Fit Approach to Inclusive |Vub|

• Global model-independent fits for B meson shape function 1303.0958

Belle II Physics Book 

https://arxiv.org/abs/1303.0958
https://inspirehep.net/record/1692393
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Leptonic:

• Branching fractions are hierarchical with lepton mass ue to helicity suppression


• Precise theoretical prediction in the SM


• Clean |Vub| measurement


• Probe of LFU and new physics

New physics: H+

ℬ (B− → l−νl) =
G2

FmBm2
l

8π (1 −
m2

l

m2
B

f2
B) Vub

2
τB

B → lν (l = μ, τ)
Belle II Physics Book 

Expected data set

https://inspirehep.net/record/1692393
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PRL 121, 031801 (2018)

B → μν

• Latest measurement from Belle untagged analysis

ℬ (B− → μ−νμ) ∈ [2.9, 10.7] × 10−7

ℬSM (B− → μ−νμ) = (3.80 ± 0.31) × 10−7

@ 90% C.L. , agree with SM

NB→μνμ
= 195 ± 67 Expected uncertainty

https://arxiv.org/abs/1712.04123
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B → τν

• Reconstruct Btag hadronically or semileptonic


• Due to tauon decay                                             ,  final


• Fit remaining energy on EM calorimeter (EECL)


• Expect to reach 5σ significancy with 2.6ab-1

Nν ≥ 1e−ντνe, μ−ντνμ, π−ντ, ρ−ντ

Belle II Physics Book 

Expected yields @1 ab-1

Expected uncertainty

https://inspirehep.net/record/1692393
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Summary of |Vub| Projections
Belle II Physics Book 

|Vub| uncertainty @ Belle II


exclusive ~1.5% 

inclusive ~ 4% 

leptonic ~ 3%

https://inspirehep.net/record/1692393


�18

Radiative Leptonic:

B+ → e+νeγ B+ → μ+νμγ

Expected statistical errorExpected signal yields assuming 

BaBar 2009 Belle 2015 Belle 2018

ΔB (B+ → ℓ+νℓγ) = 5.0 × 10−6

• Belle full data set 711fb−1 with new tagging algorithm (FEI)

• Photon energy selection above 1 GeV

• Measured upper limit  of ΔB and the first inverse moment λB

MC test:  
FEI brings ×3 yields!

dΓ(B+ → ℓ+νℓγ)
dEγ

=
αemG2

F Vub
2

6π2 mBE3
γ (1 −

2Eγ

mB ) × ( FV
2

+ FA +
eℓ fB
Eγ

2

)

PRD 98, 112016 (2018)

B+ → ℓ+νℓγ
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B→invisibles

• Adventured by BaBar 2012 and Belle 2012SM

• Opportunity for Belle II

• Much improved tagging algorithm

• Combining hadronic and semileptonic tagging for 

a higher statistics

• Hadronic Bs tagging efficiency seen 2 times higher 

than for B0


• Possible search for missing every signals as non-
standard invisible states B → Xdark

PRD65:015001(2001)

NP

https://arxiv.org/abs/1206.2543
https://arxiv.org/abs/1206.5948
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Golden Channels @ Belle II

Process Observable Theory
Sys. limit 

(Discovery) 
[ab-1]

vs LHCb vs Belle Anomaly New 
Physics

★★★ 10-20 ★★★ ★★★ ★★ ★

★★ 2-10 ★★★ ★★ ★★★ ★

B ★★★ >50 (2) ★★★ ★★★ ★ ★★★

B ★★★ >50 (5) ★★★ ★★★ ★ ★★★

★★★ 1-10 ★★★ ★★ ★★ ★

★★★ 1-5 ★★★ ★★ ★★ ★★

★★★ 5-10 ★★ ★★★ ★★★ ★★★

★★★ 15-20 ★★★ ★★★ ★★ ★★★

B ★ - ★★ ★★★ ★★ -
★★
 - ★★★ ★★★ ★ ★★

B,   ★★★ >50 ★★★ ★★★ ★ ★★

B → πlν |Vub |
B → Xulν |Vub |
B → τν
B → μν
B → D(*)lν |Vcb |

B → Xclν |Vcb |

B → D(*)τν R(D(*))
B → D(*)τν Pτ

B → D**lν
B → lνγ λB

B → K(*)νν FL

Flavor Milestone
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Summary

• Belle II has successfully finished commissioning run and ready for taking physics data


• Improved tagging algorithm increases reconstruction efficiency significantly


• Promising performance of missing energy channels proved by MC studies


• Issues seen in form factor parameterisation need to be understood


• Deviation between inclusive and exclusive measurements still exist


• Upcoming Belle II data will help to resolve these questions…

Thank you
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Back up

B → XulνB̄0 → π+l−ν @ Belle @ Belle


