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Belle II Experiment

• •Searching for a signal beyond the 
Standard Model with B meson, D 
meson, tau lepton decays. 


• •A large community of Hadron physics 
(quarkonium, exotics XYZ states)

• SuperKEKB: highest luminosity


• KEK (80km from Tokyo) Japan


• 1188 members from 27 countries


Scientific objectives Technical objectives
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Project 1 : New physics search in B→τhl
h=K, K*… l=e or μ

LFV AND B ANOMALIES
22021.09.24 - GDM - B2FRANCE

Recent measurements of b-hadron decays have provided experimental 
indications of the lepton flavor universality violation (LFUV) - deviations from: 
•  universality in  neutral-current transitions  
•  (and ) universality in  charged-current transitions
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Numerous extensions to the SM have been proposed* to connect the LFUV to the 
LFV, predicting significantly enhanced decay rates in " → $ℓℓ′�
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[L. Calibbi et al., PRD.98.115002]

*JHEP12(2016)027/ PRD92, 054013/ JHEP08(2021)050….

s

b

ℓ −
ℓ +

NP

c

b

τ−
ν̄

NP

U1 ∼ (3, 1)2/3 [C. Cornella et al., 2103.16558]

Vector LQModel-independent

• The so-called B anomaly indicates that a new physics signal may appear in 
B→τhl mode with branching ratio at order of 10-6  


• LHCb and Belle II are challenging this target!

• The difficulty is the missing energy coming from the tau lepton in the signal



Project 1 : Challenge with missing energy
h=K, K*… l=e or μ

 SEARCHESB+ →K+τℓ
3

[BaBar, PRD86, 012004 
LHCb, JHEP 06 (2020) 129]

Mode with missing energy ⇒ B-tagging is 

commonly required

"τ = "#+#− − "% − "ℓ − "&'()

Mode U.L. (90% CL) Exp.

B+→K+τμ 4.8 x 10-5

B+→K+τe 3.0 x 10-5

B+→K+τ+μ- 3.9 x 10-5 LHCb

Unlike SM processes like ,  etc. this 
channel has the unique property of having the only 

neutrino(s) coming from the   ⇒ can compute  recoil mass

&→*(*)τν &→τν

τ τ

The two B’s are back to back in the CM frame ⇒  
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2021.09.24 - GDM - B2FRANCE

l = {e, μ}

Need to know Btag ⇒ hadronic tagging (full reco)
BaBar has provided the most stringent limits to date 
(Hadronic tagging - SER)
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BaBar, ,  
hadronic tag (SER)

%+τ−μ+

SER: 1406.6311 , Sec. 7.4.1.1

82021.09.24 - GDM - B2FRANCE

Run FEI in the ROE of   to get 
the  per each FEI mode 

!+ →#/ψ (→ℓℓ)$+

ε′ �

The total FEI efficiency is ~0.7% 

~90% is due to 12  modes only!&(*)'π

Reconstruct  
to obtain a pure sample of a single B 
meson of known flavor
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THE  METHOD!+ →#/ψ$+
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Allows to make Data/MC comparison (~30k events in Belle dataset ➝  tags))(*+,)

Belle II, being e+e- machine has an 
advantage of  using “tagging” methods to 

identify the neutrino on the signal side!

Pair production of B and B-bar

• IJCLab (IN2P3 in general) : Working to 
improve the tagging algorithm 


• IFJ PAN : Working on specific tagging channel 
(e.g. semi-leptonic decay)


• IJCLab : A discriminant variable has been 
investigated for semi-leptonic tagging

Expertise

  

 Reconstruction approach 

We have two reconstructed solutions from signal side and 
cone from tag side. We can test the hypothesis that they 
match.

The correct solution should have around 180o digree 
difference. 

We have two fold ambiguity, so we have to choose the 
better one

 The signal  and tag side matching 
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Project 1 : Challenge with missing energy
h=K, K*… l=e or μ

  

Signal extraction  

Difference of the  between signal and tag side reconstructed momenta directions   

Btag-Bsig 

\

● We find the best solution of two wich match the tag side, 

● The differnce between cone and the chosen Bsig solution 

should be around 0,

● For expected backgrounds we expect some peaking but much 

smaller,

Current expected achivable upper limit is only slightly worst then obtain in B-factories for teptonic tau decays 

● Still few places few place we can expect improvements:

● Better π
0
 reconstruction for inclusive side,

● Add τ→ρν decays,

● More data (only Belle statistic was studied till now),

● To improve model independed determination of UL (or eventual Branching Fraction). we need implement model independend deconvolution 

of efficiencies. →Synergy with D* polarisation measurment in B→D*τν decay (developed  in Krakow).

• Detailed MC study is ongoing in IFJ PAN 


• Further improvement on background reduction 
will be discussed within this collaboration!


•  For this goal, a visit of PhD student (~3 
months)  will be most important! 

Plan
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Project 2 : Hadron physics with Bd/s→Ds(*)X 

• It has never been measured at a high prevision (theoretical prediction 
is extremely high): sum of exclusive is far from this prediction


• We can obtain valuable information of excited Ds states

• This process can be major background of new physics search modes

• For Bs, it provides the Bs production rate, which is the normalisation 

of any branching ratio measurement (not only at Belle II but also at 
LHCb)

X= anything



Project 2 : Challenge of the inclusive measurement 
X= anything

• IFJ PAN : Hadronic tag method for Bd→Ds(*)X 
mode


• IJCLab : Hadronic tag method for Bs→Ds(*)X 
mode with Upsilon(5S) data


• IJCLab : The new tagging algorithm (Full 
Event Reconstruction) has been applied 

Expertise

  

2. Reconstruction of the D
s
(*) meson

    from the remaining tracks

Method of the analysis

1. Full reconstruction of B
tag

 

    meson in hadronic mode

tag sig

● Inclusive method, independent on the charm meson decay !

3. Calculating and studying 
     missing mass (mx)

mx
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M
bc

 > 5.27 GeV

|ΔE + 3.4 MeV| < 45.9 MeV

ΔE 

nb-out

B
tag

 probability:

  nb-out > 0.01

Excerpt of preliminary results (Belle 1) – B
tag 

selection based on FullRecon (neuro-bayes)

B
tag 

vars:

B
sig 

vars:

|m
KK

 – mϕ| < 14.7 MeV |m
phi pi 

– mDs| < 12.1 MeV

charged
mixed
charm
uds

missing mass (mx)

MC generic

mx



Project 2 : Challenge of the inclusive measurement 
X= anything

R. Mizuk

J. Wiechczynski

New student(s)

• Detailed MC studies are ongoing both in IFJ PAN (Bd 
deacy) and IJCLab (Bs decay): there are many 
common problems that can be worked out in 
collaboration


• For this goal, visits of researchers (~1-2 weeks)  will be 
very useful!


• There is already a good candidate for PhD at IFJ PAN 
(possibility of joint-PhD?)

Plan
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Future projects 1 : Belle II detector upgrade

• IJCLab & IFJ PAN collaboration : Data 
AcQuisition system (DAQ) upgrade with PCIe40 
card developed by IN2P3!


• IJCLab : Commissioning of DAQ


• IJCLab : Installing the new clock system, White 
Rabbit, developed by CERN

Expertise

Future collaboration 

• DAQ upgrade II (PCIe400?)


• DAQ system for the new vertex detector?



Future projects 2 : τ decay for muon g-2
• Muon g-2 has been one of the most significant deviations (4.2σ) from the SM 

observed in particle physics today

• However, there is some controversy reported recently on the SM predictions…

M. Davier et al arXiv: 2312.02053 

• IJCLab : We will continue to solve this issue! Our 
first step is to re-visit the τ decay!


• For this aim, we start from the π0 reconstruction 
efficiency study (one PhD started in 2023!)

Expertise

Future collaboration 

• Belle II data analysis of hadronic τ decays 


• Phenomenological study for extracting SM prediction 
of muon g-2 

Z. Zhang

F. Callet



Future projects 1&2

• We will organise a workshop at IFJ PAN, inviting interested people 
to discuss possible collaborations.


•  Once we identify the projects, we will investigate the feasibility 


• We will prepare for grant applications (IJCLab-IFJ PAN 
collaboration, European grant etc…) to materialise the project!

Plan for 2023



Summary
2023 Next year+

• Project 1 : Student visit to IJCLab 


• Project 2 : Researcher visit to IJCLab


• Future collaboration : Workshop at IFJ 
PAN

• Project 1 : Student visit to IJCLab


• Project 2 : Student visit to IFJ PAN


• New collaboration : Student/
Researcher visit to IJCLab/IFJ PAN

For Project 2, we are also considering joint-PhD : currently PhD grants are 
separately requested in both labs.



Backup



B2collab Team
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