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NPSM

Look for alterations/enhancements in FCNC due to NP contributions 
New interactions at tree level 
Weaker GIM cancellations due to new particles in loop corrections
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PENGUINS AT BELLE&BELLE II
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,+ ,−Υ(4S)
=+

ν
ν̄
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• Threshold  production→ Relatively low backgroundsBB

ℬ(Υ(3.) → ,,̄) > @A %

Hadronic cross-section  
@ ) = !" . $% 416

(σΥ(BC) = D . D EF)

• Known initial kinematics + almost-4π detector coverage 
→ reconstruct final states with neutrinos

• OFF-resonance data  
→ -free sample,,

ON OFF

Belle 711 fb-1 90 fb-1

Belle II 362 fb-1 42 fb-1

Today’s results are based on  the datasets

G = #(HIJ78KL*GM;)/#(,KL'KL)

ON

OFF ≡ continuum

BB̄
threshold
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NEW

Belle II TDR, arXiv: 1011.0352

 ε ∼ @" %
π →μ ∼ & %

1 PQ μ PQ
 ε ∼ %A %

π →1 ∼ " . 3 %

 ε ∼ @" %
π →= ∼ A %

μID>0.9

eID>0.9

R PQ

High photon e!iciency  

Belle-like resolution on  mass

ε > @" % (S > ! . $ 416/c)
π"

γ, e, π0

Hadron ID

Muon ID

Good kaon identification in full 
momentum range

Good lepton ID performance

'→)νν̄

'→*γ

'→*ℓ+ℓ−

'→*ℓ+ℓ−

γ, πT

kaonID>0.5

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201011.0352
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Challenge Low BF, large backgrounds from 
 - Continuum events: photon from largely asymmetric π0/η→γγ decays 

    → 2 MVA classifiers, one for π0/η veto, the other for generic  

 - :  misID and much larger BF  

    → M(π*π), π* : kaon hyp. for the pion candidate with highest kaonID

UŪ
B→K*γ =→π |67*/67) |5 ≃" . "3

 decays previously observed at  
Belle (605 fb-1) [PRL 101 (2008) 129904] and BaBar (428 fb-1) [PRD 78 (2008) 112001] 

Sensitive to NP related to C7 
NP search independent from  counterpart 

 W.A. shows a slight tension

,→ργ

'→)
WX

,+,"
ρ+,"π",−

π+

γ
! . %<Y*γ (416)<5 . %

!("+ →ρ+γ) × #$%

!("# →ρ#γ) × $#%

!"#($+ →ρ+γ)

Belle 2008 BaBar 2008 W.A. B+BII 2023

Belle .8HIJL78M;

" . %&+".5@+"."@
−".5&−".!!

" . &%+".!&+"."@
−".!A−".!"

−" . !! ± " . Z5 ± " . "@

! . 5"+".35
−".Z& ± " . 5"

" . @&+".53
−".55 ± " . "A

" . @% ± " . 5$

" . %A ± " . !$

−" . !! ± " . ZZ

! . 5@+".5"+".!"
−".!@−".!5

" . &3+".!Z+".!"
−".!Z−"."%

" . !3+".!!+"."@
−".!5−"."@

−" . "%+".!$+"."!
−".!$−"."!

 MEASUREMENT WITH BELLE+BELLE II,→ργ

" . Z"+".!A
−".!Z[I

https://inspirehep.net/literature/784676
https://inspirehep.net/literature/792842


Simultaneous fit to , and  distributions of six independent datasets: /'\, ΔY /(π*π)
(,+, ,−, ," /,") × (,1JJ1, ,1JJ1 XX)
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Total
B→K*γ
BB̄
B→ργ
qq̄

The dominant sources of systematic uncertainties: 

• Selection, peaking  yield —  
• Peaking   —  
•  production — 

=*γ ℬ(,→ργ)
,,̄ W9_ W9_

,+,−/,",̄" WX

Belle II has comparable sensitivity 
to Belle despite the lower 
luminosity !

!("+ →ρ+γ) × #$%

!("# →ρ#γ) × $#%

!"#($+ →ρ+γ)

Belle 2008 BaBar 2008 W.A. B+BII 2023
" . %&+".5@+"."@

−".5&−".!!

" . &%+".!&+"."@
−".!A−".!"

−" . !! ± " . Z5 ± " . "@

! . 5"+".35
−".Z& ± " . 5"

" . @&+".53
−".55 ± " . "A

" . @% ± " . 5$

" . %A ± " . !$

−" . !! ± " . ZZ

" . Z"+".!A
−".!Z

! . 5@+".5"+".!"
−".!@−".!5

" . &$ ± " . !Z+".!"
−"."%

" . !3+".!!
−".!5 ± " . "@

−" . "%+".!$+"."!
−".!$−"."!

  Consistent with SM→
" . "$5 ± " . "5%

[PRD 88, 094004 (2013)]

* *
* *

BELLE

Full breakdown in BACKUP

[I

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094004


- Electrons  
   → lepton-flavor universality in  transitions 
- Neutrals 
   → First search for 

'→*

," →ωℓℓ, ," →ρ"11, ,± →ρ±ℓℓ
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,→{π, ρ, η, ω}ℓℓ

Better sensitivity to NP than b→sℓ+ℓ− ?

Two-dimensional ML fits

Total
Combinatorial bg

Signal
Peaking bg

ρ+," →π+π",−

η→γγ, π+π−π"

ω→π+π−π"

Dominated by 
continuum events

Peaking BB backgrounds 
     charmless/ /  

are either vetoed or included in the fit
=(*)ℓℓ =(*)\\̄(ℓℓ)

B+ →K+ee

Previous results:  
Belle (605 fb-1)  [PRD 78 011101 (2008)] 
BaBar (428 fb-1)   [PRD 88 032012 (2013)] 
LHCb (3 fb-1) observed ,   
[Phys.Lett.B 743 (2015) 46-55, JHEP 10 (2015) 034]

,→πℓ+ℓ−

,→{π, η}ℓ+ℓ−

,+ →π+μ+μ− ," →π+π−μ+μ−

Many unexplored modes with

BELLE

https://inspirehep.net/literature/784045
https://inspirehep.net/literature/1225276
https://inspirehep.net/literature/1391325
https://inspirehep.net/literature/1335137
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,→πℓ+ℓ−

,→{π, η}ℓ+ℓ−

,+ →π+μ+μ− ," →π+π−μ+μ−
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Better sensitivity to NP than b→sℓ+ℓ− ?

90% CL upper limits

Obtained  in the range  
World best limits for all the searched decay modes   
First search for 

ℬ`a (Z . % − 3&) × !"−&

," →ωℓ+ℓ−, ," →ρ"e+e−, ,± →ρ±ℓ+ℓ−

BELLE

EXCLUSIVE  WITH BELLE'→*ℓ+ℓ−

https://inspirehep.net/literature/784045
https://inspirehep.net/literature/1225276
https://inspirehep.net/literature/1391325
https://inspirehep.net/literature/1335137
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Precise SM prediction — no hadronic uncertainties for charm annihilation like in  

 [PRD 107 014511 (2023)]

,→=(*)ℓ+ℓ−

,-./ =($ . A ± " . 3) × !"−A

Unique to experiments at  machines1+1−

NP in  does not necessary show up in  too 
Interplay with   and other anomalies [2309.02246, 2401.10112, 2401.11552]

'→)νν̄ '→)ℓ+ℓ−

,→=*νν̄/=(*)ττ/=(*)τℓ

Challenges 

• Low BF 

• 2 neutrinos in the final state + 3-body kinematics (no good kinematic constraints) 

• Large backgrounds

Short-distance contribution 
(Long distance: 10% of the total BF)

https://doi.org/10.1103/PhysRevD.107.014511
https://arxiv.org/abs/2309.02246
https://arxiv.org/abs/2401.10112
https://arxiv.org/abs/2401.11552


arXiv:2311.14647 (Submitted to PRD)
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ROE: Rest Of Event 
(remaining charged and neutral particles)

q2
rec = )/(3c3) + /5

= − )Y*= /c

,+
)8b ,−

7Lb

Υ(4S)

=+
≡ ROE

Inclusive Tag, ε = :(100%)

ITA
,+

)8b ,−
7Lb

Υ(4S)

=+

ROEh

c"

π− π"

Hadronic Tag, ε = :(1%)

HTA

• Approach leading the final sensitivity 

• Two consecutive MVA classifiers  

basic filter (BDT1)  

+ main background suppression (BDT2) 

• Total e#iciency ~8%, purity ~0.8% 

• Fit to  simultaneously for ON 

and OFF resonance data

U5
G1\ × η(,cd5)

BDT2,h: uses information of signal kaon, ROE and event topology

 : reconstructed  
applying kaon-enriching selection
K+

sig

• Less sensitive but well-established 

approach, used for consistency check 

• Single classifier BDTh 

• Total e#iciency ~0.4%, purity ~3.5% 

• Fit to  for ON resonance dataη(,cdK)

Two tagging approaches leading to almost statistically independent samples

https://arxiv.org/pdf/2311.14647.pdf
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,+
)8b ,−

7Lb

Υ(4S)

=+
≡ ROE

Inclusive Tag, ε = :(100%)

ITA

• Approach leading the final sensitivity 

• Two consecutive MVA classifiers  

basic filter (BDT1)  

+ main background suppression (BDT2) 

• Total e#iciency ~8%, purity ~0.8% 

• Fit to  simultaneously for ON 

and OFF resonance data

U5
G1\ × η(,cd5)

FOCUS ON ITA

Analysis relies on simulation for background 
suppression and fitting (sample-composition fit). The 
quality of simulation is validated via several control 
channels on data

ITA

arXiv:2311.14647 (Submitted to PRD)

https://arxiv.org/pdf/2311.14647.pdf
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VALIDATION ITA (I)
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 control channel where muons are 
removed to mimic the neutrinos and the 
Kaon kinematics are corrected to match the signal one 
Data/MC e!iciency ratio: 1.00 ± 0.03

,+ →e/ψ(μμ)=+

Pion mass hypothesis and nominal kID

The data/MC corrections are validated for 
the signal region using a  sample 
Data/MC ratio of relative abundance of B→DK 
and B→Df: 1.03±0.09

,+ →c̄"(→=+π−)K+, K = {π, =}

• Kaon ID selection

• Signal e!iciency

E*B − E*beam [GeV]

)8b;LJ G1b8M;
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VALIDATION ITA (II)
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Off-resonance data to correct for data/MC differences in 
- normalisation ↦ 40% discrepancy  
- shape ↦ event-by-event data-driven correction [J. Phys.: Conf. Ser. 368 012028]

Modelling of  detection e#iciency in the calorimeter corrected using  sample="
a 1+1− →γϕ(="

.="
a)

Validation of background composition for ITA in signal region

Size of  corrected using pion-enriched sideband (lepton-enriched samples for validation) ↦ 30% rescaling,→g\(="
ag)

- Use BaBar [PRD85, 112010 (2012)]   
   measurement as input from to model  

- Good agreement in shape and normalisation for  
- Similar study for  and  (smaller contribution)

,+ →=+="
.="

.
,+ →=+="

a="
a

,+ →=+="
.="

.
,+ →=+="

.="
a ,+ →=+;;̄

•  eventsqq̄

•  eventsB→D(*)K+

•  eventsB+ →K+K0
LK0

L

h87K ;MGH . L;*
)KLS1 \MGG1\78M;

  Undetected ’s in EM  
calorimeter can mimic neutrinos

!! ="
a

https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028
https://inspirehep.net/literature/1086537


(5 . & ± " . &) × !"−$ (ITA)
(! . !+!.5

−!.") × !"−$ (HTA)
(5 . Z ± " . &) × !"−$ (ITA + HTA)

 deviation from background-only hyp 
 deviation from SM exp

Z . $σ
5 . &σ

 RESULTS,+ →=+νν̄
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HTAITA  deviation from background-only hyp 
 deviation from SM exp

Z . $σ
5 . @σ

 deviation from background-only hyp 
 deviation from SM exp

! . !σ
" . Aσ

HTAITA +

First evidence of ,+ →=+νν̄

Full breakdown of syst. unc. in BACKUP

Z . $σ

Consistent within ! . 5σ

μ =$ . 3 ± ! . "()7L7) ± ! . !()i)7) μ =5 . 5+!.%
−!.&()7L7)+!.A

−!.!()i)7)
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First Belle II(+ Belle) measurement of . Best precision on  parameters  
Future: Time-dependent CPV ( )

'→* ,→ργ
," →ρ"γ

Most stringent UL’s on several  BFs with Belle (only!) data,→{π, ρ, η, ω}ℓ+ℓ−

Inclusive B-tagging approach has proved to be the most sensitive to  decays 
Tension wrt SM at 2.7  for the combined (inclusive+hadronic) result 
Future: Search for  and explore the semileptonic B-tagging approach

,+ →=+νν̄
σ

,→=*νν̄

Thank y! f" 
y!r a#enti$

b→sνν̄

b→dγ

b→dℓ +ℓ −

Three new results since last LLWI: First evidence on  and studies of  transitions,+ →=+νν̄ '→*

arXiv: 2311.14647

https://arxiv.org/pdf/2311.14647.pdf


ADDITIONAL MATERIAL



 - ASYMMETRYB→ργ
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L̄X = (W0̄− + W0+)/2

W"̄− = 5Γ(,̄" → ρ"γ) − Γ(,− → ρ−γ)
5Γ(,̄" → ρ"γ) + Γ(,− → ρ−γ)

W"+ = 9_(W"̄−)



 - SYSTEMATIC UNCERTAINTIESB→ργ
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 - 3D FITSB→ργ
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 - BELLE 2024b→dℓℓ
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 - BABARb→dℓℓ
2024.02.21 - G. DE MARINO - LLWI’24 [428 fb-1, PRD 88 032012 (2013)]

https://inspirehep.net/literature/1225276


 - PEAKING BGb→dℓℓ
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 - SYSTEMATIC UNCERTAINTIES - ITAB→Kνν̄
2024.02.21 - G. DE MARINO - LLWI’24 arXiv: 2311.14647

https://arxiv.org/pdf/2311.14647.pdf


 - SYSTEMATIC UNCERTAINTIES - HTAB→Kνν̄
2024.02.21 - G. DE MARINO - LLWI’24 arXiv: 2311.14647

https://arxiv.org/pdf/2311.14647.pdf


 - COMBINATIONB→Kνν̄
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https://arxiv.org/pdf/2311.14647.pdf
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PARTICLE ID
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https://doi.org/10.1016/S0168-9002(02)01510-3


THE BELLE&BELLE II EXPERIMENTS
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Belle TDR, S0168-9002(01)02013-7

+390 M ,,̄ pairs

5"!@/"Z 5"55 /"A

WR Luminosity of 4.7×1034 cm-2 s-1  

(Currents 1.1/1.5 A) (June 2022)

 βγ =0.42

KEKB

σ*y ∼940 nmσ*x ∼

σz ∼6 mm 2ϕ =22 mrad

150 μm

σ*x ∼10 μm

σz ∼5 mm

 βγ =0.28

SuperKEKB

σ*y ∼50 nm

2ϕ =83 mrad

UPGRADE

WR Luminosity of x 2.1×1034 cm-2 s-1  

(Currents 1.2/1.6 A) (June 2009)

772 M ,,̄ pairs

467 M ,,̄ pairs

https://doi.org/10.1016/S0168-9002(01)02013-7
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Kodai Matsuoka, Rencontres du Vietnam Flavour Physics Conference 2022

DATA TAKING SCHEDULE
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BELLE II, LHCB
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