


Hadronic charmless  decaysB
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B decays without  
charmed hadrons

Mediated by

Cabibbo-suppressed  
b→u

 Loop-suppressed 
b→d, b→s

Observed 27 years ago by CLEO and grew to account for 15% of 
experimental flavor-physics papers.  

•Highly sensitive to new loop contributions. 
•Probe non-SM dynamics in each of the three CKM angles. 
•As a byproduct, multiple tests of approaches to deal with QCD 

factorization, SU(3) symmetries etc. 

Challenges:  
⇒ charmless B decays have branching fractions of order ≲ 10-5; 
⇒ final states same as prevailing backgrounds.



Charmless at Belle II
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Key role:

Complementary to LHCb: 
• Channels with neutrals as ; 
• Channels with  as . 

Belle II in 2019-2020:  
collected ~75 fb-1 of data; 
World record luminosity by SuperKEKB: 2.4×1034cm-2s-1 
(with currents lower than at KEKB); 
many physics analyses ongoing. 

Today: first measurements of branching fraction, CP asymmetry, and polarization for 
a variety of charmless B decays using 35 fb-1 (38M BB̄ pairs).

B0 → π0π0

K0
S B0 → K0

Sπ0

Central Drift Chamber 
He(50%):C2H6(50%), small cells, 

long lever arm, fast electronics 
(tracking+PID)

Vertex Detector 
2 layers DEPFET+4 layers DSSD

Particle identification 
iTOP detector (barrel) 
Aerogel RICH (fwd)

EM Calorimeter 
CsI(Tl), waveform sampling 

(neutrals detection) KL and muon detector• Reach ~1.5˚ precision on 𝛼/𝜑2;
• Test of SM using isospin sum rules;
• Search for local CP asymmetries in ;B → 3h
• Time dependent CP violation with .B0 → ϕK0

S

And many others…



CHARMLESS

B0 → K+π−

B0 → π+π−

B+ → K+π0

B+ → π+π0

B+ → K0
Sπ+

B0 → K0
Sπ0

B+ → K+π−π+

B+ → K+K−K+

B+ → ϕK+

B+ → ϕK*+

B0 → ϕK*0

B0 → ϕK0
S



Analysis ingredients
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Continuum suppression Selection optimization Efficiency measurement

Signal extraction Measurement of 
branching fraction, CP-
asymmetry, and 
longitudinal polarization.

Systematics
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× 8
Multidimensional fit

× 4

1D fit



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Signal efficiency

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Ba
ck

gr
ou

nd
 re

je
ct

io
n

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

Belle II  (simulation)

Selection
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Challenge: reject the dominant background from 
light  pairs (continuum). 

Exploit variables sensitive to topological differences. 

Using multivariate techniques combine 30+ 
kinematic, decay-time, and topology  
variables to maximize S/B.  

For each channel, we optimize the selection to 
isolate low-background signal using simulated  
and control-sample data.  

CS selection efficiency: 35 - 79% 
 background rejection: 96 - 99%

qq̄

qq̄

e+e−
BB̄

22.2 %
27.4 %

8.0 %
8.4 %

34.0 %

p(q) ≈ 5 GeV p(B) ≈ 0.3 GeV

e+e− → qq̄ (q ∈ {u, d, s, c}) e+e− → Υ(4S) → BB̄

q
q̄

B B̄
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Nsig 290 ± 21

𝓑 [10-6] 12.7 ± 2.1stat. ± 1.1syst.

Two-body: , B0 → K+π− B0 → π+π−

Two tracks in the final state. Probe of tracking and PID.

Nsig 63 ± 10

𝓑 [10-6] 5.7 ± 2.7stat. ± 0.5syst.

B0 → K+π−

𝓑 [10-6] 12.9 ± 0.5
PDG

𝓑 [10-6] 5.5 ± 0.4
PDG

B0 → π+π−

19.6 ± 0.5 5.12 ± 0.19

289+22
−21 61+11

−10

18.9 ± 1.4(stat.) ± 1.0(syst.) 5.6+1.0
−0.9(stat.) ± 0.3(syst.)



Nsig 290 ± 21

𝓑 [10-6] 12.7 ± 2.1stat. ± 1.1syst.
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PDG PDG

Two-body: , B+ → K+π0 B+ → π+π0

Challenge for 𝜋0 reconstruction performance. Require good PID.
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Background

B+ → K+π0 B+ → π+π0

12.9 ± 0.5 5.5 ± 0.4

144+25
−24 68 ± 27

12.7+2.2
−2.1(stat.) ± 1.1(syst.) 5.7 ± 2.3(stat.) ± 0.5(syst.)

First reconstruction in Belle II data!
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PDG PDG

Two-body: , B+ → K0π+ B0 → K0π0
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Rare background
Continuum background

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

Benchmark performance of  reconstruction.K0
S

23.7 ± 0.8 9.9 ± 0.5

B0 → K0π0B+ → K0π+

First reconstruction in Belle II data!
65+10
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PDG PDG

Three-body: , B+ → K+π−π+ B+ → K+K−K+

Rich Dalitz structure - multitude of peaking backgrounds.
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CP asymmetries in two-body decays
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Sπ+

B+ → K+π0
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ACP = − 0.083 ± 0.004PDG:

ACP = − 0.017 ± 0.016PDG:

ACP = 0.037 ± 0.021PDG:

ACP = 0.03 ± 0.04PDG:

ACP = 0.030 ± 0.064(stat.) ± 0.008(syst.)

ACP = −0.072+0.109
−0.114(stat.) ± 0.024(syst.)

ACP = 0.052+0.121
−0.119(stat.) ± 0.022(syst.)

ACP = −0.268+0.249
−0.322(stat.) ± 0.123(syst.)



CP asymmetries in three-body decays
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PDG PDG

: ,  B → VP B+ → ϕK+ B0 → ϕK0

B0 → ϕK0

8.8+0.7
−0.6 7.3 ± 0.7

55 ± 9 16 ± 5

6.7 ± 1.1(stat.) ± 0.5(syst.) 5.9 ± 1.8(stat.) ± 0.7(syst.)

B+ → ϕK+

First reconstruction in Belle II data! First reconstruction in Belle II data!
(B+ → ϕK+) (B0 → ϕK0

S)

Require advanced analysis techniques.



𝓑 [10-6] 12.9± 0.5
𝒇L

Nsig 290 ± 21
𝓑 [10-6] 12.7 ± 2.1stat. ± 1.1syst.

𝒇L

Nsig 290 ± 21
𝓑 [10-6] 12.7 ± 2.1stat. ± 1.1syst.

𝒇L

𝓑 [10-6] 12.9± 0.5
𝒇L
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PDG PDG

: ,  B → VV B+ → ϕK*+ B0 → ϕK*0

B0 → ϕK*0

10 ± 2 10.0 ± 0.5

33 ± 8 48 ± 10

21.7 ± 4.6(stat.) ± 1.9(syst.) 11.0 ± 2.1(stat.) ± 1.1(syst.)

Require full angular analysis.

B+ → ϕK*+

First reconstruction in Belle II data! First reconstruction in Belle II data!

0.58 ± 0.23(stat.) ± 0.02(syst.)

0.50 ± 0.05

0.57 ± 0.20(stat.) ± 0.04(syst.)

0.497 ± 0.017



Summary
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Belle II is on track to lead searches of non-SM indications in quark dynamics.
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 + c.c.+K-K+K → +B
 + c.c.+π-π
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Background

•First measurements of branching fraction and CP-asymmetries of 
charmless B decays with 35 fb-1 of 𝛶(4S) data. 

•Results are in good agreement with known values, and performance 
is comparable with Belle’s best. It proves good understanding of 
detector and tools.



Belle II hot charmless summer
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Backup



Systematic uncertainties
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1. Tracking efficiency
A lower tracking efficiency in 
data wrt. MC.

For each final-state track 0.91 %

2.  reco. efficiencyK0
S

A small decrease in  
reconstruction efficiency. 

for each cm of flight length.

K0
S

1 %

∼ 12 %

3.  reco. efficiencyπ0

Data/MC discrepancy.

∼ 6 %
4. PID and CS efficiencies
Data/MC discrepancy. 
Selection-depending.

∼ 2 − 4 %

5. Number of  pairsBB̄
Uncertainty on cross-section, 
integrated luminosity, potential 
beam energy shift.

∼ 2.7 %

6. Signal modelling

Data/MC discrepancy for CDC 
hits distribution.  
Signal model choice.

∼ 2 %

7. Background modelling

Background model choice.

∼ 3 %

8. Peaking and  bkg biasBB̄

Modeling of peaking and  bkg.BB̄

∼ 0.3 %

9. Instrumental asymmetries

The uncertainty on the  is 
considered as systematic.

𝒜det

𝒜det(K+π−) = − 0.010 ± 0.003
𝒜det(K+) = − 0.015 ± 0.022



Systematic uncertainties
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Systematic uncertainties
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Highlights of Belle II charmless program
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Towards BSM using isospin
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