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• SM expects lepton coupling to EW gauge bosons to be flavor-universal, but tension exists

• Tests of LFU are important to search for new physics

• In the semileptonic decay process of � mesons,�(�(∗)) is defined as the branching ratio , 

��(∗) =
��(�−>�(∗)���)
��(�−>�(∗)ℓ�ℓ)

, 

where the  ℓ =  � 표� �

Introduction
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Status
• We are doing analysis of �(�∗) and �(�) with hadronic tag

The �(�∗) have been measured with hadronic tagging method use 198 fb−1 data

�(�∗) =  0.262+0.041−0.039(stat)
+0.035
−0.032(syst) [Phys. Rev. D 110, 072020]

• In this time, we measure both the �(�∗) and �(�) use 365 퐟�−�

• CWR1 is on-going

• Lastest note

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020
https://docs.belle2.org/pub_data/documents/5/
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Reconstruction

• One of B mesons is fully 

reconstructed with 

hadronic decays, 

through the Full Event 

Interpretation (FEI).

• Exclusive hadronic 

tagging method : 

Efficiencies �0: 0.23%, 

�+: 0.30%  

arXiv:2008.06096

• Reconstructed � decay modes:

 
�0 −> �+�−(ℓ−)��−(ℓ−)

�− −> �0�−(ℓ−)��−(ℓ−)

�0 −> �∗+(−> �0�+)�−(ℓ−)��−(ℓ−)

�0 −> �∗+(−> �+�0)�−(ℓ−)��−(ℓ−)

�0 −> �∗0(−> �0�0)�−(ℓ−)��−(ℓ−)

�0 −> �∗0(−> �0�)�−(ℓ−)��−(ℓ−)

• 2D Fitting to extract �(�(∗))
�extraECL  =   

�
��
�

�mis�
 2  =（�beam −�� −��(∗) −�ℓ）

2 

https://link.springer.com/article/10.1007/s41781-019-0021-8
https://arxiv.org/abs/2008.06096
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Data and Correction

• Several corrections are applied to data and MC, in order to improve data/MC agreement

• Correction factors are applied following performance recommendation

track momentum scale (tracking_data_Moriond23_v1)

photon energy bias correction (PhotonEnergyBiasCorrection_MC15rd_June2023)

hadron, lepton PID (leptonid_official_rel6_mc15rd)

slow �± efficiency (provided by tracking group)

� efficiency (PhotonEfficiencyDataMCRatio_Run1MC15rd_April2024)

�0 efficiency (provided by neutral group  locally by using our �0 selection)

mode dependent FEI efficiency ( provided by  provided group)

form factor correction (following WG1 recommendation)

�∗∗ branching retion correction (following WG1 recommendatiom)

� hadronic decay branching ration (following PDG)

(applied for data)

(applied for MC)

• Data: 365fb-1, proc13+prompt

• MC15rd:

generic BB, continuum(cuds) 1444fb-1 

BG MC of D**lν, gap mode
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Selection:�퐭��
• �tag selection criteria is the same as FEI calibration analysis of �−> �ℓ� and  �−> �(∗)�

variable selection criteria

event nCleanedTrack > 4
�tag �FEI > 0.01, �bc > 5.27 GeV, −0.15 < �� <  0.1 GeV, 푐표��TBTO < 0.9
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Selection:�퐬��
�,�

• nCDCHits is removed to increase statistics (+~30% stat.) 
• reject low �: fake rate correction is not available on systematic framework (−~10% stat.)

�,�
• � > 0.4 (0.7) GeV is applied for PID, reach ECL(KLM) (−~20% stat.)
• BremsCorrection is added to electron

�� • distance cut is removed because data/MC looks no problem (+~5% stat.)

�sig selection

charged track d� <  2 cm,  d�  <  4 cm
� good track, ��

푏�푛��� >  0.1 or � <  0.3 GeV, �T >  0.1 GeV/c
� good track, ��

푏�푛��� >  0.1 and � >  0.3 GeV, �T >  0.1 GeV/c
�slow � >  0.05 GeV/c
�S KsSelector “standard”

�0 pi0:eff40_May2020, �:   clusterTiming  < 200 ns, 122.4 < � < 143.0 GeV, combination of minC2TDist and zernikeMVA 

�slow0 pi0:eff50_May2020, �:   clusterTiming  < 200 ns, 118.3 < � < 147.0 MeV, combination of minC2TDist and zernikeMVA, � > 0.05GeV

� � >  0.4 GeV, ��
global >  0.9(BDT), Bremss correction

�  � >  0.7 GeV, ��
global >  0.9(likelihood)

�, �∗ mode dependent � mass, �∗ −� mass difference cut
�sig �2 >  4 GeV2
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Selection:���
• � energy is increased to 100(FW), 50(BR), 100(BW) for better data/MC

• photon MVA variables(fakePhotonSuppressionMVA, beamBackgroundSuppressionMVA) are added to reject fake 

photons and beambbackgroud

• �0 veto is enhanced to reduce �∗∗ℓ�, hadron BG
ROE selection cr iter ia
ROE mask Tracks d� <  2 cm,  d�  <  4 cm, �T >  0.1 GeV/c, nCDCHits > 0

Clusters energy > 0.08(FW), 0.05(BR), 0.06(BW),  clusterTiming  < 200 ns
minC2TDist > 15 cm, fakePhotonSuppressionMVA > 0.2, 
beamBackgroundSuppressionMVA > 0.5

Charged track nROE_Tracks < 1
Neutral cluster N(�0) < 1 with eff30
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• Expected yields of candidate categories and �(∗) modes at 363fb−1 in MC after all selections. The SM �(�∗) 

value at 0.254, and the �(�) at 0.30.

• ~600(300) �−> �∗�−�� (� −> ��−��) events  are expected.

Selected events 
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(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• MC distribution of �miss
2  for each �(∗) decay mode in each �(∗) decay mode

Selected events:�퐦�퐬퐬
�  
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(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• MC distribution of �extraECL  for each �(∗) decay mode 

Selected events:�퐞퐱퐭�����  
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• MC distribution of �extraECL  for each �(∗) decay mode with high missing mass squire cut(1.5<�extraECL <6.0 for 
�∗ and 3.0<�extraECL <8.0 for �)

(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

Selected events:�퐞퐱퐭�����  
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Data/MC agreement at sideband 

• Summary of sideband regions used to check Data/MC agreement

sidebane selection enhanced mode ckeck item

�2 sideband �2 < 3.5 GeV2 �−> �(∗)ℓ� signal effieincy 
signal PDF

�0 veto sideband

��0ROE > 0 � −> �∗∗ℓ�
BG yield
BG PDF�ECLextra > 1 GeV hadronic BG

�miss
2  > 2 GeV continuum BG
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�� sideband 
• Data/MC comparison of the number of elected events at �2 sideband

Data yield is lower at �+ −>

�−�+�−�0 and �+ −> ��0�+�0, 

�0 −> �−�+,  �0 −> �−�+�−�+ 

related �+ decay, the difference is taken 

as systematic error.
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�� sideband: �퐞퐱퐭�����

(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• Distributions of the �extraECL  in each �(∗) decay mode at q2 sideband
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�� sideband: �퐦�퐬퐬
�

(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• Distributions of the �miss
2  in each �(∗) decay mode at q2 sideband

• Good data/MC but their resolution is slightly different

• Data/MC ratio of  �miss
2  width is estimated by fitting, MC is smeared by using the ratio
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�� veto sideband
• Data/MC comparison of the number of elected events at �0 veto sideband, and the data yield is 10-40% smaller 

than MC expectation in each sample

• In order to investigate this issue, new MC category of ”un-measured hadronic � decay” and ”�∗∗ℓ� gap mode” 

are added
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�� veto sideband: �퐦�퐬퐬
�

(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• Distributions of the �miss
2  in each �(∗) decay mode at q2 sideband
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(�)�0 −> D∗+�−��−(D∗+ −> D0�+) (푏)�0 −> D∗+�−��−(D∗+ −> D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D0�−��− (�)�0 −> D+�−��−

• Distributions of the �extraECL  in each �(∗) decay mode at q2 sideband

�� veto sideband: �퐞퐱퐭�����



• PDF category is updated not to use “isSignal” but generator information 

9 PDF category

• Binning is updated to reduce MC statistics error

�extraECL  for all samples:

[0.00, 0.05, 0.10, 0.2, 0.3, 0.4, 0.6, 0.8, 1.0, 2.0] GeV

�miss
2  for all samples:

[-2, -0.5, 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 4.5, 5.0,  6.0, 7.0,  8.0, 10.0] GeV2

• fit 5 samples:

�0 −> D∗+��(combined D∗+ −> D0�+ and D∗+ −> D+�0)
�+ −> D∗0��, D∗0 −> D0�0

�+ −> D∗0��, D∗0 −> D0γ
�0 −> D+��

�− −> D0��
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Signal extraction 
generator level 
categorization
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Data fitting
• pre/post fit parameters

��(�−> �∗ℓ�) is larger than MC expectation with statistical error

number of gap mode (�(gap)) is smaller than MC expectation
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• Measured ��(�−> �∗ℓ�) is consistent with past measurements within systematic error：

• PDG(1.2σ)

• input to FEI calibration (HFLAV 2022) (0.4σ) 

• q2 sideband (1.4σ)

Data fitting
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•  To enhance the signal contribution in the �ECL distribution, the additional requirement �푚���
2  >

 1.5 GeV2/푐2 is imposed for �∗ modes and �miss
2  >  2 GeV2/푐2 is imposed for � modes

• In the �miss
2  plots, the y-axis is zoomed.

Data fitting
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• Summary of the uncertainties

• Result of fit

�(�∗) =  0.242 ±  0.019(stat. ) ±  0.016(syst).�(�) =  0.439 ±  0.055(stat. ) ±  0.045(syst. )
ρ =− 0.40(stat. ) +  0.20(syst. )

Data fitting
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• The 68% confidence-level region in the �(�) −�(�∗) plane from this analysis, compared with previous 

BelleII measurements , the world average, and the SM predictions

Data fitting

 When included in the world average, 

our results reduce the deviation from the 

SM from 3.8σ to 3.6σ.

1.5�

1.3� 0.9�
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• R(�(∗)) measurement with hadronic tag:

�(�∗) =  0.242 ±  0.019(stat. ) ±  0.016(syst. )

�(�) =  0.439 ±  0.055(stat. ) ±  0.045(syst. )

ρ =− 0.40(stat. ) +  0.20(syst. )

• When included in the world average, our results reduce the deviation from the SM from 3.8σ to 3.6σ.

• CWR1 is on-going

Summary
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(�)�0 −> D∗+�−��−(D∗+ −> D0�+/D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D0�−��− (�)�0 −> D+�−��−

• Asimov fit projection to the �miss
2  in each sample

Asimov Fit:�퐦�퐬퐬
�
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(�)�0 −> D∗+�−��−(D∗+ −> D0�+/D+�0) (푐)�− −> D∗0�−��−(D∗0 −> D0�0) (�)�− −> D∗0�−��−(D∗0 −> D0�0)

(�)�− −> D0�−��− (�)�0 −> D+�−��−

• Asimov fit projection to the �extraECL  in each sample

Asimov Fit:�퐞퐱퐭�����
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Systematic error 
• Summary of the systematic uncertainties
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�−> �∗∗ℓ−� branching fractions
 • �∗∗ℓ� branching ratio are taken from WG1’s study with FLAV2023: GapUpdate.pdf

• gap mode of B−> �(∗)�ℓ� is largely changed from FLAV 2021:

3.77±3.77 −> 8.8±8.8(�0)

4.09±4.09 −> 9.2±9.2(�+)

https://indico.belle2.org/event/12225/contributions/79423/attachments/29422/43491/GapUpdate.pdf
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Hadronic � decay branching fractions 
• The branching fractions of hadronic B decays are fluctuated following their errors in the following table

If the measured branching ratio is not available on 

PDG, they are fluctuated ± 100% by uniform function.
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FEI efficiency
• Weight is applied in each �tag mode to scale MC to match data in �2 sideband

• Difference of fit result is assigned as systematics
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Other efficiency corrections 
• Uncertainty of below correction are estimated:

hadron PID correction

lepton PID correction

slow �± efficiency

� efficiency

�0 efficienc

mode-dependent FEI efficiency
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From factors correction 

Semileptonic B decay
Form factor model Parameters

MC14ri MC15rd MC14ri MC15rd

�−> �ℓ−�ℓ BGL BLPRXP 8 9

�−> �∗ℓ−�ℓ BGL BLPRXP 6 9

�−> (�0∗, �1’ )ℓ−�ℓ LLSW BLR 3 3

�−> (�1, �2∗)ℓ−�ℓ LLSW BLR 4 4

�−> ��−�ℓ CLN BLPRXP 3 9

�−> �∗�−�ℓ CLN BLPRXP 5 9

�−> (�0∗, �1’ )�−�� LLSW BLR 3 3

�−> (�1, �2∗)�−�� LLSW BLR 4 4

The weights for translating the form factor uncertainties to the shape 

uncertainties of semileptonic B decays are defined as:

�� =
�MC
�new

×
��new
��MC

• Update the form factor model from R(D*)@189 fb-1, e.g. BLPRXP 

is used to replace BGL and CLN

• Weights: normal weight +/- 1σ weights  x  No. parameters

• The event weights are calculated by Hammer

https://gitlab.desy.de/belle2/analyses/wg1_dtaunu_hadtag_p13rel06/-/tree/main/preprocessing/hammer?ref_type=heads
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Fraction of fake �(∗)
 • There is peaking structure in�∗+ −> �0�+,�∗+ −> �+�0, �∗0 −> �0�0

• The fraction of correctly reconstructed �(∗) is reweighted following the fit results at �2 sideband and PDF is 

regenerated, then Asimov fit is performed.
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Selection:���
• �extraECL  shape is much cleaned than the last analysis

�ECLextra(GeV)

�ECLextra(GeV)

last analysis

last analysis

this analysis

this analysis

�0 −> D∗+ℓ−�(D∗+ −> D0�+)

�0 −> D∗+ℓ−�(D∗+ −> D0�+)
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Selection:퐁��
• There are multiple candidates in an event after the selections

•  A best candidate selection is thus applied following five steps in following orders:

1、�tag probability with the highest �FEI
2、�(∗) mode selection: �∗+ −> �0�+ , �∗+ −> �+�0,  �∗0 −> �0�0, �∗0 −> �0�, �0, �+

3、�(∗) mode dependent selection:  smallest �2

4、� branch ration

5、 Random: for events still have multuiple candidates. The best candidate is selected  randomly(~1.7%)

before BCS after BCS
BCS
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�� sideband 
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�� sideband 
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�� sideband 
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Fited bias
• The fitter bias is seen depends on �(�∗) and �(�) input values

• The maximum bias in the figure is taken as systematic error

Fitter bias of �(�∗)(left) and �(�)(right) with Asimov fit. x and y axisare input value of �(�∗) and �(�) , and z axis 
is the bias defined as (�(�(∗)) −�(�(∗))input)/�(�(∗))input



1/15/2026 43

Correction of branching ratios  
• Values of the branching ratios of signal and background are different between the Belle II simulation and PDG

•  The differences are evaluated and corrections are applied to MC

branching ratio of �−> �(∗)ℓ�

branching ratio of � −> ℓ��
branching ratio of �∗

branching ratio of �
branching ratio of hadronic � decay

branching ratio of �−> �∗∗ℓ� decay
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Expected Yields 
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Expected Yields 
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Expected Yields 


