
𝑩+ → 𝝉+𝝂𝝉



𝐵

→ Decays with helicity suppression 

• Electrons and muons channel strongly suppressed.
• Neither Belle nor BaBar observed at "𝟓𝝈" 𝐵 → 𝜏𝜈
• |𝑉𝑢𝑏| measurement with negligible theoretical uncertainty

In SM decays through a 𝑏 − 𝑢 quark annihilation mediated by W bosons.

We measured the 𝓑 with the Run 1 dataset: 365 /fb

𝓑 𝑩+ →  𝒍+𝝂𝒍 =
𝑮𝑭

𝟐𝒎𝑩

𝟖𝝅
 𝒎𝒍

𝟐 𝟏 −
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𝟐

𝒇𝑩
𝟐 𝑽𝒖𝒃

𝟐𝝉𝑩

(𝒍 = 𝒆, 𝝁, 𝝉)

711 /fb
426 /fb



Backgrounds

𝑒+𝑒− → 𝑞𝑞

𝑒+𝑒− → 𝜏+𝜏−

𝑒+𝑒− → 𝐵+𝐵−

𝑒+𝑒− → 𝐵0𝐵0

One B meson is fully reconstructed using a multivariate 
algorithm, Full Event Interpretation (FEI) with Hadronic Tagging.

Signal is searched through 𝝉 decays

1. 𝜏+ → 𝒆+𝜈𝑒 ҧ𝜈𝜏  

2. 𝜏+ → 𝝁+𝜈𝜇 ҧ𝜈𝜏

3. 𝜏+ → 𝝅+ ҧ𝜈𝜏

4. 𝜏+ → 𝜌+ ҧ𝜈𝜏with 𝜌+ → 𝝅+𝝅𝟎

1. 𝒪𝐹𝐸𝐼 > 10−2

2. −0.15 < 𝜟𝑬 = 𝑬𝑩
∗ − 𝑠/2 < 0.1 𝐺𝑒𝑉

3. 𝑀𝑏𝑐𝑐2 = 𝑠/4 − (𝑝𝐵
∗ 𝑐)2 > 5.27 𝐺𝑒𝑉

Rest of Event 
(ROE)

• 0 Extra Tracks
• Extra Clusters clean-up



FastBDT: A speed-optimized and cache-friendly 
implementation of stochastic gradient-boosted 
decision trees for multivariate classification

We enhance MC simulation accuracy by adjusting events using multivariate analysis (MVA) to identify and
correct data-MC differences. We use a Fast Boosted Decision Tree (FBDT) classifier for reweighting.
Calibration involves 200/fb of continuum MC events and all off-resonance data (42/fb).

Variables distributions before and after the correction

Δ𝐸𝑜𝑓𝑓 =
𝐸𝑜𝑛

𝐸𝑜𝑓𝑓
𝐸𝐵
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4
−
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2 𝑝𝐵
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FastBDT: A speed-optimized and cache-friendly 
implementation of stochastic gradient-boosted 
decision trees for multivariate classification

We train a FastBDT using Off-Res data as ”Signal” and MC continuum as ”Background” to correct the 
MC shape to Off-Res data.

• 1.3M events, Train/Test sample 80%/20%

𝑤𝑖 =
𝒪𝐶𝑅,𝑖

1 − 𝒪𝐶𝑅,𝑖

The discriminator output is transformed in an 
event-by-event weight to correct MC shape:



The optimization is done extracting the signal yield with a 2D Fit 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 𝑣𝑠 𝑀𝑚𝑖𝑠𝑠

2 in the signal region 
0,1 𝐺𝑒𝑉 × −10, 26 𝐺𝑒𝑉2

BackgroundSignal



𝐸𝑒𝑥𝑡𝑟𝑎
𝐸𝐶𝐿 with 𝑛𝛾𝑒𝑥𝑡𝑟𝑎 = 3 (c) and 𝑛𝛾𝑒𝑥𝑡𝑟𝑎 =

5 (d). 

The number of events in simulation is scaled 
to the one in data to compare just the 
shapes.

𝑛𝛾𝑒𝑥𝑡𝑟𝑎 (a) and 𝐸𝑒𝑥𝑡𝑟𝑎
𝐸𝐶𝐿 (b) in data and 

simulation for E extra ECL < 1 GeV. 



The residual Data/MC disagreement related to the wrong simulation of the number of neutral clusters 
(𝜸) in ECL → to be reweighted using Control Samples.

Main Sample Continuum 𝑩ഥ𝑩 Sig. 𝝉 → ℓ𝝂𝝂 Sig. 𝝉 → 𝒉𝝂

Control Sample Off-resonance Data Extra Tracks 𝐵 → 𝐷∗ℓ𝜈 Double Tag

• In Extra Tracks control sample, we require other extra charged tracks in addition to the signal one.

• In Double Tag control sample, we use the Hadronic Tagging multivariate FEI algorithm to reconstruct also 
the signal B.

• 𝐵 → 𝐷∗ℓ𝜈 control sample is reconstructed using the hadronic FEI



Giovanni Gaudino

𝒏𝒔,𝒌 = 𝟐𝑵𝚼(𝟒𝐒) ⋅ 𝒇+− ⋅
𝑵𝒓𝒆𝒄𝒐

𝒌

𝑵𝒈𝒆𝒏
⋅ 𝑩 𝑩+ → 𝝉+ 𝝂𝝉

• 5 Free Parameters: 4 Background Yield + 1 common BF
• PDFs from the MC.

The Branching Fraction is extracted by Simultaneous Binned Maximum Likelihood 2D Fit on 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 and 

𝑀𝑚𝑖𝑠𝑠
2 .

𝓑(𝐵 → 𝜏𝜈)

arXiv:2411.18639

We use 𝑓+− value from HFLAV latest review: arXiv:2411.18639

https://arxiv.org/abs/2411.18639


Post-fit distributions of 

𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 for the leptonic

channels in the signal 
enriched region    

𝑀𝑚𝑖𝑠𝑠
2 > 10 𝐺𝑒𝑉2/𝑐4

Post-fit distributions of 

𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 for the hadronic

channels in the signal 
enriched region      

𝑀𝑚𝑖𝑠𝑠
2 > 0.8 𝐺𝑒𝑉2/𝑐4



We compute the systematic 
uncertainties on data 
varying the MC shape 
according to the considered 
source.

Not considered in the 
significance



This analysis will be the main argument of my 
Ph.D. Thesis in next October.

Since the end of November, we are passing all 
the collaboration step in order to publish as soon 
as possible. 

We aim to have a public result in these weeks 
and present it at Moriond or maybe earlier.

In this work we cooperated with Nagoya 
University, in particular with professor Iijima and 
the Ph.D. student Michele

arXiv:2411.18639

arXiv:2411.18639

• |𝑉𝑢𝑏|𝑖𝑛𝑐 from arXiv:2411.18639 Inclusive from GGOU
• |𝑉𝑢𝑏|𝑒𝑥𝑐  from arXiv:2411.18639 from 𝐵 → 𝜋ℓ𝜈 

Still not public

https://arxiv.org/abs/2411.18639
https://arxiv.org/abs/2411.18639
https://people.na.infn.it/~gaudino/directory/250116-Gaudino_secret_protected.pdf




Lepton-Flavor Universality tests

• In SM, the 𝑊 boson couples equally to 𝜏, 𝜇, 𝑒 → Lepton-Flavor Universality (LFU)
• (Semi)Leptonic B decays are sensitive to new physics beyond SM

𝑅 𝐻𝜏/ℓ =
𝐵 𝐵 → 𝐻𝜏𝜈

𝐵(𝐵 → 𝐻ℓ𝜈)
𝐻 = 𝐷(∗), 𝑋, 𝜋, …
ℓ = 𝑒, 𝜇 Tension of 𝑅 𝐷𝜏/ℓ

(∗)
 with SM ~3σ



SM Precision Measurements 

• |𝑉𝑢𝑏| and |𝑉𝑐𝑏| important to constrain CKM Unitarity
• Precisely measured with semileptonic B decays
• Independent measurement using leptonic B decays

Longstanding tension 
between exclusive and 
inclusive determinations



Electroweak Penguins

• Flavor-changing neutral currents are not possible at tree level in the Standard Model (SM)
• Branching fractions predicted in the range 10-7-10-4 with 5-30% uncertainties (dominated by soft 

QCD effects).
• Highly sensitive to potential non-SM contributions.
• Belle II published last year the first evidence of 𝑩 → 𝑲𝝂𝝂

Standard Model 
Feynman diagram of 
Penguins with missing 

energy



Event shape variables are crucial in discriminating between the continuum and 𝐵 ത𝐵 components. In order to 
suppress continuum background, we first apply loose cuts (also to use the same FEI Performance cuts)
•  𝑐𝑜𝑠𝜃𝐵𝑇𝑂 < 0.9;
• −0.15 <  Δ𝐸 < 0.1; 
• R2 < 0.6 (99% of taupair component removed)



Most discriminating variables for signal:

• 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 , the extra energy not associated with the 𝐵𝑡𝑎𝑔 and 𝐵𝑠𝑖𝑔 (Rest of Event).

• 𝑀𝑚𝑖𝑠𝑠
2 = 𝐸𝑚𝑖𝑠𝑠

2 − 𝑝𝑚𝑖𝑠𝑠
2 , squared magnitude of the four-momentum 𝑝𝑚𝑖𝑠𝑠 with the Extra Event definition.

𝑬𝑬𝑪𝑳
𝒆𝒙𝒕𝒓𝒂 > 𝟎. 𝟓 𝑮𝒆𝑽

We see mismodelling for both the variables distributions in the 𝑬𝑬𝑪𝑳
𝒆𝒙𝒕𝒓𝒂 > 𝟎. 𝟓 GeV sideband

→ we need to correct the MC.



First, we apply Particle ID, Tag and 𝝅𝟎 reconstruction efficiencies corrections and reweight the 
Branching Ratio of simulations to the last PDG averages.

The «new» 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 for 𝐵+𝐵− and 𝐵0𝐵0 is computed by summing all the cluster energy contributions, 

removing randomly some of them after extracting a random number between 0 and 1 (1-Weight = 
probability to kill a cluster). 

We also use the «Photon Efficiency Data/MC Ratio» correction from neutral group study, which gives 
a weight for each cluster with energy greater than 200 MeV.

𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒

Energy (GeV) 0.25 0.2 0.15 0.4

Weight 0.9 0.9 1 0.85

𝑵𝒓𝒂𝒏𝒅 0.4 0.95 0.2 0.4

OK Kill OK OK

𝑬𝑬𝑪𝑳
𝒆𝒙𝒕𝒓𝒂 = 𝜸𝟏 + 𝜸𝟑 + 𝜸𝟒 = 𝟎. 𝟖 𝑮𝒆𝑽

𝒏𝜸
𝒆𝒙𝒕𝒓𝒂 = 𝟑

Example:



Rest Of Event (ROE)

For the main channel, we require no charged tracks in the ROE.

In this control samples, 𝑵𝑻𝒓𝒂𝒄𝒌𝒔
𝑹𝑶𝑬 > 𝟏

𝑵𝑻𝒓𝒂𝒄𝒌𝒔
𝑹𝑶𝑬 =0 𝑵𝑻𝒓𝒂𝒄𝒌𝒔

𝑹𝑶𝑬 =1 𝑵𝑻𝒓𝒂𝒄𝒌𝒔
𝑹𝑶𝑬 >1

% Signal 95 4 1

same background composition 
but negligible signal events.



We reconstruct the two B candidates using the Hadronic Tagging FEI alogritm. 
As for the haronic signal channel, the decay is fully reconstructed.
No signal events.

𝐵+

𝐵−

Signal Side

Hadronic Tagging

No Extra 
Charged 
Tracks 

Rest Of Event 
(ROE)

Hadronic decays 
reconstruted using FEI 

algorithm



𝐵 → 𝐷∗ℓ𝜈

This control sample resembles the leptonic signal since there is one charged track 

and the 𝐷∗ is fully reconstructed → 𝑬𝑬𝑪𝑳
𝒆𝒙𝒕𝒓𝒂 peaks at 0 GeV.

𝐷∗ decays

𝐷 decays

• 𝐷∗ → 𝐷𝛾
• 𝐷∗ → 𝐷𝜋0

• 𝐷 → 𝐾𝜋
• 𝐷 → 𝐾𝜋𝜋𝜋
• 𝐷 → 𝐾𝑆𝜋𝜋

→ 0 Extra Tracks (from IP)

We also use it to validate the signal efficiency between data and 
simulation. 
We find a Data/MC ratio after all the selection and calibrations 
equal to 0.96 ± 0.04.



• 300K events, Train/Test sample 80%/20%

To suppress continuum, we train 2 FastBDT, one for Leptons and one for 
Hadrons, using MC continuum as ”Signal” and MC 𝑩ഥ𝑩 as ”Background”.

• Signal/Background events ratio = 1

• Features = only variables with good Data/MC agreement and less correlated with our fit variables.

Leptons 
(hadrons in 
backup)

In the training, the weights from 
continuum reweighting are used.



The optimization is done extracting the signal yield with a 2D Fit 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 𝑣𝑠 𝑀𝑚𝑖𝑠𝑠

2 in the signal region 
0,1 𝐺𝑒𝑉 × −10, 26 𝐺𝑒𝑉2

𝑭𝑶𝑴 =
ഥ𝝈𝑺

ഥ𝑵𝑺

The cuts have been optimized:

• minimize a FOM obtained through 5000 ToyMC study on the variables 𝑀𝑚𝑖𝑠𝑠
2   and 𝐸𝐸𝐶𝐿

𝑒𝑥𝑡𝑟𝑎  for each cut 
combination.

( ഥ𝑁𝑆 and ത𝜎𝑆 are the mean signal yield and 
error of the ToyMC)

𝑒ID 𝝁ID 𝜋ID sigProb 𝑀𝒃𝒄 (GeV) p (GeV) ContSupp 𝜖(𝟏𝟎−𝟒)

𝑒 >0.9 >0.01 >5.27 >0.5 <0.8 7.3

𝜇 >0.9 >0.01 >5.27 >0.5 <0.6 7.6

𝜋 >0.6 >0.01 >5.27 >1.4 <0.6 3.4

𝜌 >0.6 >0.01 >5.27 >1.65 <0.7 3.1

𝜖 =
𝑛𝑠𝑒𝑙

𝑛𝑔𝑒𝑛



Significance from null hypothesis with 
1.000.000 toys:

3.15σ only statistical unc.
 
3.01σ convolving the signal likelihood 
with a Gaussian whose width is 
equal to the systematic uncertainty.

Test statistics: −𝟐𝒍𝒐𝒈(ℒ/ℒ𝟎)



software page

The other way to check the signal efficiency is the embedding procedure, using the 𝐵+ → 𝐽/𝜓 → ℓℓ 𝐾+ clean sample.
Following the basf2 procedure: software page. 
After all the procedure we found an efficiency ratio:

𝜀𝑑𝑎𝑡𝑎

𝜀𝑀𝐶
= 1.02 ± 0.18

The uncertanties is still large, but it is a double check for the signal efficiency found in the 𝐵 → 𝐷∗ℓ𝜈 control sample. 

https://software.belle2.org/light-2405-quaxo/sphinx/analysis/doc/embedding.html?highlight=embedding
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