
Early Charmless  Decay 
Results from Belle II

B

Yu-Chen (Janice), Chen, National Taiwan University 
 

on behalf of the Belle II Collaboration 
 Epiphany 2021

1

Belle



NP? 
(New 

Physics)

SM 
• Precise measurement of flavor physics  

(CKM angle)

       Hadronic Charmless  decaysB
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B0 → π+π−

B+ → π+π0B0 → π0π0

ϕ2/α

    Introduction

• Three-body Dalitz analysis: local CP asymmetries 

• Belle II strength: high luminosity + neutral final states

(ρ̄, η̄)

(0,0) (1,0)
ϕ1/β

ϕ2 /α

ϕ3/γ

VtdV*tb
VcdV*cb

VudV*ub

VcdV*cb

•  loop diagram + time dependent CP violation analysis: b → s
B0 → ϕK0

S

• Sum rule test

(c.f. LHCb)

B0 → K+π−B+ → K+π0

B0 → K0π0

 IKπ

B+ → K0π+

Dominant amplitudes of charmless B decays

Color-allowed tree Color-suppressed tree W-exchange

Annihilation Penguin W-loop



       SuperKEKB & Belle II detector

Belle II detector

7 GeV e¯

4 GeV e+

Central Drift Chamber 
 

 
Charged track momentum


Particle identification

(σpt
/pt = (0.2 % pt)2 + (0.3 % /β )2

σdE/dx = 5%)

Time-of-Propagation counter 



Particle identification
(ϵ > 99 % at < 0.5 % π fake prob. )

Vertex Detector 
 

2 layers DEPFET + 4 layers DSSD

B vertex determination

(σz0
= 20 μm)

Aerogel RICH 
Particle identification

(ϵ ∼ 96 % at < 1 % π fake prob.)

KL and Muon detector 



KL / μ identification
(σp /p ≈ 18%)Electromagnetic CaLorimeter 

 
γ, π0 reconstruction

e± identification

(
σE

E
=

0.2 %
E

⊕
1.6 %

4 E
⊕ 1.2%)

    Introduction

3
(for details see backup)

on  resonanceΥ(4S)

on  resonanceΥ(4S)



       Current integrated luminosity    Introduction
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World record

Lpeak ≈ 2.4 × 10−34 cm−2s−1



Charmless  decays at Belle II B
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    Summer Achievement @ ICHEP 2020

  good-quality skimmed data collected in 2019 - 2020 summer∫ Ldt = 34.6 fb−1

arXiv: 2009.09452

• Two tracks:  
, 


• Decays with :  
, 


•  benchmarking:  

, 

B0 → K+π− B0 → π+π−

π0

B+ → K+π0 B+ → π+π0

K0
S

B+ → K0π+ B0 → K0π0

,B+ → ϕK*+ B0 → ϕK*0
arXiv: 2008.03873

• Three-body:  
, B+ → K+K−K+

B+ → K+π−π+

, B+ → ϕK+ B0 → ϕK0

• Two-body

• : B → VP • : B → VV

https://arxiv.org/abs/2009.09452
https://arxiv.org/abs/2008.03873
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                      Analysis strategy

Selections

Continuum 
suppression

• Charged tracks:                      impact parameter + PID

•  (2  with ):             + helicity angle


•  (  from the same vertex):  + flight distance

• Peaking-background veto for three-body final states

π0 γ Eγ > 20 MeV M(γγ)
K0

S π+π− | ⃗p (K0
S) |

Challenge
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BEAUTY 2019
ICHEP 2020: topology info
ICHEP 2020: topology + vertex + flavor info

Belle II  (simulation)

Jet-like 
 e+e− → qq̄

| ⃗p (q) | ≈ 5 GeV/c

   Spherical 
e+e− → Υ(4S) → BB̄

| ⃗p (B) | ≈ 0.3 GeV/c
Multivariate algo. w/ training inputs: 


event topology         flavor tagging

vertex information    kinematic fit

Signal extraction 
(Unbinned maximum 

likelihood fit)
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                      Analysis strategy

• For 2- & 3-body  modes:  

 fits with signal region: 


• For , :  
Multidimensional fits on  
    (transformed continuum-suppression output)  

    (invariant masses) 

    (cosines of helicity angle)

K/π
ΔE Mbc > 5.27 GeV/c2

B → VP B → VV
Mbc, ΔE

C′ out

m(K+K−), m(Kπ)
cos θH,ϕ, cos θH,K*

Selections

Continuum 
suppression

Signal extraction 
(Unbinned maximum 

likelihood fit)

Energy difference:  

Beam-energy-constrained mass: 

ΔE ≡ E*B − s /2

Mbc ≡ s/(4c4) − (p*B /c)2



           Branching fractions    Two-body
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Two charged tracks

B0 → K+π− B0 → π+π−

Effective hadron identification

* SXF: self cross-feed



 reconstructionπ0

           Branching fractions    Two-body
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First reconstruction in Belle II

Decays with π0

B+ → K+π0 B+ → π+π0

 mass plot can be checked in backupπ0



 reconstructionK0
S

             Branching fractions    Two-body
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0K → 0B
Rare background
Continuum background

Belle II  (preliminary)
-1 = 34.6 fbt dL ∫

 benchmarkingK0
S

B+ → K0π+ B0 → K0π0
First reconstruction in Belle II

 mass plot can be checked in backupK0
S



           CP asymmetries    Two-body
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B+(B0) decays B−(B̄0) decays
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Araw =
N(b) − N(b̄)
N(b) + N(b̄)

= ACP + Adet

Instrumental asymmetries 
constrained from data



           Branching fractions    Three-body
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Control of peaking backgrounds



           CP asymmetries    Three-body
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     Branching fractions    B → VP
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B[10-6] 5.9 ± 1.8stat. ± 0.7syst.

BPDG[10-6] 7.3 ± 0.7

Nsig 55 ± 9
B[10-6] 6.7 ± 1.1stat. ± 0.5syst.

BPDG[10-6] 8.8 ± 0.7

First reconstruction in Belle II

 : transformed continuum-supp. output 
 : invariant mass 
 : cosine of helicity angle

C′ out
m(K+K−)
cos θH,ϕ



     Branching fractions, longitudinal polarizations    B → VV
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B+ → ϕK*+
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First reconstruction in Belle II

Nsig 33 ± 8
B[10-6] 21.7 ± 4.6stat. ± 1.9syst.

BPDG[10-6] 10.0 ± 2.0
fL 0.58 ± 0.23stat. ± 0.02syst.

fL,PDG 0.50 ± 0.05

Control of  
angular acceptances

 : transformed continuum-supp. output 
 : invariant masses 
 : cosines of helicity angle

C′ out
m(K+K−), m(Kπ)
cos θH,ϕ, cos θH,K*



     Branching fractions, longitudinal polarizations    B → VV
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B0 → ϕK*0
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BPDG[10-6] 10.0 ± 0.5
fL 0.57 ± 0.20stat. ± 0.04syst.

fL,PDG 0.497 ± 0.017

First reconstruction in Belle II

Control of  
angular acceptances

 : transformed continuum-supp. output 
 : invariant masses 
 : cosines of helicity angle

C′ out
m(K+K−), m(Kπ)
cos θH,ϕ, cos θH,K*
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            Systematics

Tracking

efficiency

efficiency

PID & continuum supp. eff.

Signal model

Continuum bkg. model

bkg. model

(relative uncertainties in %)

0 3 6 9 12

~0.3%
~3%

~2%
~2.7%

~3%
~6%

~12%
~0.9%

~2-4 %

K0
S

π0

NBB̄

BB̄

• Branching fractions

• Instrumental asymmetries

• Longitudinal polarizations 
• Modeling of transformed continuum-

supression output ( )

• Acceptance function for helicity angles

C′ out
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    Summary

• First measurements in charmless B decays with:  
       12 branching fractions ( )  
       6 CP asymmetries ( ) 
       2 longitudinal polarizations ( )  
are reported using 2019-2020 summer Belle II data


• Yields and purities are comparable with Belle’s best


• Establishes solid understanding of detector and analysis workflow


• Near future:  
 to complete  determination 
 to complete sum rule test


• Long run: data accumulating & analysis ongoing! 

ℬ
ACP

fL

B0 → π0π0 ϕ2/α
ACP(K0π0)



Backup



— 5 ab−1 w/o Sπ0π0

…  50 ab−1 w/o Sπ0π0

■ 50 ab−1 w/ Sπ0π0

ϕ2(PDG) = (89.0+4.4
−4.2)

∘

       Hadronic Charmless  decays —  MeasurementsB ϕ2/α
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B0 → π+π−

B+ → π+π0B0 → π0π0

ϕ2/α

    Introduction

• Isospin relation
arXiv: 1002.5012

A(B0 → π+π−) + 2A(B0 → π0π−) = 2A(B+ → π+π0)

A(B0 → π+π−) = 2(A2 − A0)

A(B0 → π0π0) = 2A2 + A0

A(B+ → π+π0) = 3A2

( : amplitudes of the 
isospin 0, 2 final state)
A0, A2

Feynman diagrams for  systemsB → ππ, B → ρρ

• SuperKEKB prospect

https://arxiv.org/abs/1002.5012


       Hadronic Charmless  decays —  puzzleB K-π
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    Introduction

arXiv:1808.10567

IKπ = AK+π−

CP + AK0π+

CP
B(K0π+)
B(K+π−)

τB0

τB+
− 2AK+π0

CP
2B(K+π0)
B(K+π−)

τB0

τB+
− 2AK0π0

CP
2B(K0π0)
B(K+π−)

• SuperKEKB prospect

Feynman diagrams for  systemsB → Kπ, B → ππ

• SU(3) symmetry
B0 → K+π−B+ → K+π0

B0 → K0π0

 IKπ

B+ → K0π+

https://arxiv.org/abs/1808.10567


       Prospects of Belle II experiment
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    Introduction

Summary of sensitivity

arXiv: 1002.5012

https://arxiv.org/abs/1002.5012


       Belle II detector    Introduction
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arXiv: 1011.0352

https://arxiv.org/abs/1011.0352


               reconstructed massK0
S , π0 Reconstruction
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•  reconstruction  
The uncertainty is evaluated as the difference of efficiency 
ratio of  in MC & data
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         reconstruction efficienciesK0
S , π0    Systematics

arXiv:2008.03873•  reconstruction  
Average flight distance in signal MC (truth-matched) * 1%
K0

S

https://arxiv.org/abs/2008.03873
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        Instrumental asymmetries Adet    Systematics

Araw =
N(b) − N(b̄)
N(b) + N(b̄)

= ACP + Adet

•  assessment:Adet
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Adet(K ) = Adet(Kπ) − Adet(K0
Sπ) + A(K0

S)

D0 → K−π+

D+ → K0
Sπ+

Adet(π) = Adet(K0
Sπ) − A(K0

S)

(  is quoted from LHCb results )A(K0
S )

• CP asymmetry correction with instrumental effects:

D+(D0) decays D−(D̄0) decays


