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Currently working on the signal B — (x, p)tv_ decays.
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Lepton Flavour Universality (LFU) in B meson decays

Semileptonic B decays are mediated by a charged weak boson (W).

On quark quark level: b — uly, or b — cly, transition. |V b | = (3.82 £0.20) X 1072

[V, | =(408=%x14)x107

" b — utransitions are CKM W

B | suppressed V.| <]|V. \
l=e,u,zt
The Standard Model (SM) postulates the Probing New Physics (NP) effects via ratios of branching
universality of the lepton coupling to the fractions with different lepton generations in final
electroweak gauge bosons. states.
8 =8,=8=8 R(H) = B(B — Hry) = H=D.D".Jly.xp.0
e =8y = 8= ** =—————— |
I R : BB — Hlvy) | ¢ =ep



https://pdg.lbl.gov/2023/reviews/rpp2023-rev-ckm-matrix.pdf

LFU in b — c transitions

Experiment R(D%) R(D) 7 decays
BaBar (2012) |0.332£0.024 £0.018/ 0.440 £0.058 £0.042 T — e, i
Bellea (2015) |0-293£0.038£0.015 0375£0064 0026 7, ¢ 4
Belleb (2017) |0-270 % 0.035700°¢ T P
Bellec (2019)  |0.283 £0.018 £ 0.014) 0.307 + 0.037 + 0.016 T— el
Belle IIb (2025) [0.306 +0.034 £0.018/ 0.418 £0.074 £0.051] 7 — e, u
Belle 112 (2025) [0.242 +0.019 +0.016]0.439 + 0.055 £ 0.046 T—> e U
Belle 1I¢ (2026) |0.222 +0.041 £ 0.030 T—T,p
LHCDb? (2022) [0.281 +0.018 +0.024| 0.441 +0.060 +0.066 T —> f (%)
LHCbP (2023) |0.267 +0.012 £ 0.019 t — aan(n’) (*)
LHCDbe (2024) |0.402 £0.081 £0.085/ 0.249 £0.043£0.047 7 — p (*)

0.280£0.011 | 0.359 = 0.024

(*) LHCDb 2022, 2023, 2024: R(Dx*) =

BB — DWrv.)
BB — DHuv,)

R(D*)

0.40 ™ prevmmary 68% CL contours
HFLAV Belle BaBar¢
0.35+ LHCb¢
0.30f Beller Be”e\ Belle 117
! \Pg\ LHCbe
0.25F Y
Belle lI¢
0.20F
R(D) = 0.359 + 0.024
R(D*) = 0.280 + 0.011
HH  HFLAV SM ’;(:2)'0; 278%
0.15f ~ + FLAG24 (Nf=2+1for R(D¥)) | . |
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D)
SM prediction, Tension with SM at the level of ~

R(D) = 0.296 = 0.004
R(D™) = 0.254 £ 0.005

R(D) = 0.296 =+ 0.004
R(D*) = 0.254 + 0.005

3.730
3410



https://hflav-eos.web.cern.ch/hflav-eos/semi/ichep26/html/RDsDsstar/RDRDs.html
https://arxiv.org/pdf/1205.5442
https://arxiv.org/pdf/1507.03233
https://arxiv.org/pdf/1709.00129
https://arxiv.org/pdf/1910.05864
https://arxiv.org/abs/2504.11220
https://indico.cern.ch/event/1440982/contributions/6576608/attachments/3136874/5566279/2025_CKM_LFU_belleII_itsaklid.pdf
https://indico.cern.ch/event/1440982/contributions/6576608/attachments/3136874/5566279/2025_CKM_LFU_belleII_itsaklid.pdf
https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2305.01463
https://indico.in2p3.fr/event/32664/contributions/136999/attachments/83624/124533/3_JGarciaPardinas-v1.pdf

LFU in b — u transitions Status before June 2025

Experiment R(p) R(r) 7 decays ~ 0.60 ' ' ' ' '
Be"e (2015) 1.05 £ 0.51 T—>€T7,p0 = 055 L SM prediction ]
1
R(x) extracted from Belle’s Z(B" — 7TU,) “measurement” - - )
1.52 = 0.72 divided by world average for the B — 7£v, branching s )
fraction of (1.45 £ 0.05) x 10~* (PDG2014).
| ] 0.45 [ -
R(z) = 1.05+£0.51 | -
| o . i 1
" Bellelb 1
BB° - ntv,): (1.50%£0.05) x 10~ bd0p P e
0.4 0.6 0.8 1.0 1.2 1.4 1.6
BB+ - p°u,): (158 +0.11) x 107 R(m)
Expected: SM prediction:
BB° - n71w,) = (0.962 £ 0.05) x 107 | R(m) = 0.641 £0.016
BB+~ p'ww,) = (0.845 £ 0.06) X 107+ R(p) = 0.535 £ 0.009

Updated SM prediction: R(x) = 0.688 £ 0.014.


https://arxiv.org/pdf/1509.06521
https://arxiv.org/pdf/2104.05739
https://arxiv.org/pdf/1509.06938
https://pdg.lbl.gov/2014/tables/rpp2014-sum-mesons.pdf#page=85
https://arxiv.org/pdf/1509.06938
https://arxiv.org/pdf/2102.07233v2
https://arxiv.org/pdf/1509.06521

LFU in b — u transitions

Experiment R 7 decays

A 4

Belle (2015) 0.51 T— e,T, P

R(r) extracted from Be
1.52 = 0.72 divided by y
fraction o

Tv_) “measurement” -
e B — /v, branching

PDG2014).

- ROW= 1.05%0.51

0.0

BB" - ntv,): (1.50 £0.05)x 1074

BB — pu,). (1.58+0.11)x 10~
Expected:

BB - n7tv) = (0962 = 0.05) x 10~ \

 BBT - plrv) = (0.845 £0.06) x 10~

|
055 L +SM prediction _
0.50 F :
0.45 F i
0.40 :
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6
R(m)
SM prediction:

R(z) = 0.641 £ 0.016
R(p) = 0.535 = 0.009

Updated SM prediction: R(x) = 0.688 £ 0.014.


https://arxiv.org/pdf/1509.06521
https://arxiv.org/pdf/2104.05739
https://arxiv.org/pdf/1509.06938
https://pdg.lbl.gov/2014/tables/rpp2014-sum-mesons.pdf#page=85
https://arxiv.org/pdf/1509.06938
https://arxiv.org/pdf/2102.07233v2
https://arxiv.org/pdf/1509.06521

Why Belle measurement is wrong: Long story short

Signal efficiency [%]
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We could not
achieve the same/
similar performance
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And a lot of features used in Belle’s BDT indirectly used £,

INOri/u.uo
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BKG suppression BDT output for 7 — 7 channel.

B = wtv,, T— 7, SR Belle simulation
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Using Belle Il Run1 data.
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Belle |

B-factory experiment at KEK in Tsukuba, Japan:

Belle Il detector

Super
KeKB
- 3
osttron

» Asymmetric e e~ collider (SuperKEKB) operating at or near Y (4S)
resonance.

. e . . . SuperKEKB
» Well known initial state enables precise measurements with missing energy.

Pixel Vertex Detector (PXD)
| SLLLLc,Qn Vertex Detector (SVD)

* Belle Il (2019 -) —

Belle II detector —

e

Central Drift
~ Chawber (CDC)

» SuperKEKB with nano-beam optics and higher beam
currents achieved (RECORD) peak luminosity in June

2026: £ = 5319 x 10°* cm™2%s~!

» Belle Il detector: upgraded Belle spectrometer with most
components replaced and improved.

- Run 1 (2019 - 2022): collected 424 tb™! of data.
— 365 b~ at Y(4S)

Aerogel RICH
— (ARICH)

- Run 2 (2024 - 2026): collected 490 fb~! of data Flectramegetic Colarimesi

ECL

— 443 fb_l at Y(4S) Ko a,w WO y Time of Pr\o‘:augau'ti,on (TOP)

systewm (KLM) 8



Fuwll Event Ihnterpretation

( F E l ) Algorithm at Belle II: hierarchical approach of reconstructing B

using multivariate technique.

* In semileptonic decays we have undetected neutrino(s) in
final state.

* By reconstructing one B in the event - B, , the information

ag’
about the other B - B, can be recovered - clean initial state

Y (495)
* 3 distinct tag-side reconstruction methods:

» Hadronic - reconstruct B

tag With hadronic decay modes

» Semileptonic - reconstruct B

tag With semileptonic decay
modes

» Inclusive - reconstruct only B,

tag

decay chains

INCLUSIVE
e = 6(100) % ~<?é
Consistency with BB

SEMILEPTONIC TAG

e =0(1)% D
Knowledge of B, %

HADRONIC TAG

e = 6(0.1) % <

T

Exact knowledge of B

Purity

Missing particle reconstruction



Reconstruction steps

Reconstruct B, g in hadronic decay modes using FEI algorithm.

Reconstruct Bsig in 4 7 decays (covering ~72% of all 7 decays).

B - z7et Bt - (p° - ztn)e”

B - zut Bt — (p° —» ztz )t

B’ > 7= (zt - =) Bt - (p* - 7tz - 7h)
_I_

B > 7 (T - 7z72%) BT - (p° - 2tz - zt72")

Combine B,,, and B,

nROE_Tracks = 0.

Y(4S) — tagBO

Y(4S) — B* B
Y (4S)

BO tag™ s1g

mix tag sig

r----l

Build Rest of the Event (ROE):

» Sum of the cleaned-up energy in the calorimeter:: extra 1

into Y (4S5) and apply completeness constraint -

¥ no remaining tracks after Y (4S) reconstruction: roeCharge = 0 and

» Missing mass squared of undetected particles: -MI%HSS = (Peto- —

Rest Of the /' \{

Event 7V 7V

(ROE)

Adding extra clusters due to:

signal side

3 Y(4S)
\ + ................... v VT
Bsig
e :
2 0 - . b,
xt 5
e / ‘
Y py a (B )
Rest Of the " ” et
EVent y }/
Lf' (ROE) 7— signal side

ROE - unassigned neutral clusters and charged tracks

- wrongly reconstructed/matched clustering algorithm

- beam background

[t is crucial to reject fake photons in the ECL from background - ECL clean-up.

11

Owr {LJCJCLV\%

Voriaoble

Signal decay with
neutrinos

Candidates

§ A
3 .. .
;.é 1 MISSIing neutrino
S > 1 missing particle
To separate between
sewmLtawonte ahok
se\mLLePtoch (LLght
Leptons> okeca ys
-2 0 2 4



k..., distribution
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The actual 7 decay composition of
each reconstruction channel.

Crossfeed is mainly result of:

- miss-identification

- fail to reconstruct 7°
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Reconstructed T decay mode
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Reweight continuum component using BDT based weights and scaling factors
determined from the off-resonance data and MC.

PID corrections: combination of applying official tables for lepton efficiency and fake
rates and producing tables using SF for pion efficiency and fake rates.

7" correction: using eff20 z list and the corresponding correction table is used.

FEI correction: using recommended corrections (followed the selection of B,,,)

MISSING: branching fractions correction on BB sample
(main backgrounds are semileptonic decays with D

and D™).
A1
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BK@ §WPPW@§§LOW C/L%§§L=€L@W

/ steps:

- Continuum Suppression (CS) classifier: Remove “easy” backgrounds (gg) using event shape and
continuum suppression variables (1 per all T decay channels).

- BKG suppression classifier: train second classifier to target also BB events (1 per each 7 decay channel,

train on 1/2 of the sample and use it on the other half: keeping training and evaluation independent
and reducing bias from overfitting). The output from the first step is used in the second classifier.

: : : . Optimise a cut on
Train classifier with Use classifier on B N S -

optimised generic and on sensitivity

Use a large Train classifier Investigate feature Reduce optimise
hyperparameters

importance,
number of correlation, data/ number of

features MC comparison features

hyperparameters signal MC



https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://xgboost.readthedocs.io/en/stable/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://shap.readthedocs.io/en/latest/
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://optuna.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://www.tensorflow.org
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/
https://pyhf.readthedocs.io/en/v0.7.6/

CS classifier (1. step)

Total cross section of ete™ — gg (q € {u,d,s,c})is ~ 3 X larger than the process of

eTe™ — Y(4S). The pairs of quarks created in the eTe™ annihilation hadronise into light
hadrons that can be a large source of background - continuum background.

ete”™ = qg(q € {u,d, s, c}): hadrons produced in the p(B) ~ 0.3 GeV/c

fragmetation - jet-like structure

ete™ > qq, (q € {u,d,s,c}) ete” - Y(4S) - BB

° + - D. 1 s . < 1
e"e” — Y(45) — BB:spherical shape events A schematic illustration of the geometrical event

Use otedicateo continuum swppression variables shape difference between continuum and BB events

okescrLwa% event toPoLo%g

BY — w1v,, disco v11 Belle II preliminary f Ldt=365fb ! B — pTv,, disco v17 Belle II preliminary f L£dt=365fb!

6000

Tried a lot of different classifiers and 3500 E s BY > 7w, 0 Btopw, -5’
3000 F e 10 —

feature selections. It turns out that the
resulting CS classifier tends to have high

F 1 7—all x200
2500 [ 72 MC stat. unc.
[ ¢ Data

1 T—all x200
/7, MC stat. unc.
t Data

4000

Candidates/0.025]]
=
S
Candidates/0.025]]
S
S

correlation with E_,. . (out fitting variable).

2000

This can be partly avoided by using neural
network as a classifier with DisCo
modification to the loss function (penalises

0.5 0.5
correlation between Eextra and cl assiﬁers ig 0.0 :T_t_._:_g__'_,_,,4_’__t_f_,_:__o__o___f__’__o__o__g_._g_._TH_.__.__;_:_:__.__.__._..._._.,-, ig ] S AU S -
prediction). T S T S
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

X2(CRWv4 + N, ) = 371.51

Class. output]]

1000

0

x*(CRWv4 + N.) = 118.48

Class. output|]



BKG suppression classifier (2. step)

Tried a Lot of versions:

Ditterent classifiers, tratn th the different Eextra regimes
BO —> ﬂTVT (fciu reglon or igv\mt reglon), m{fweii sets of {eaﬂcwrfs
Training Cut values POI uncertainty
v3_disco_v11l_xgb_SR (0.58, 0.48, 0.56, 0.40) 1.227
v7_disco_v16_xgb_SR (0.58, 0.56, 0.60, 0.40) 1.229
v3.disco vi6 xgb SR (0.52, 0.48, 0.56, 0.36) 1.231
v7_disco_v13_xgb_SR (0.58, 0.52, 0.52, 0.38) 1.232
v3_disco_v13_xgb_SR (0.58, 0.52, 0.60, 0.40) 1.232
v4_disco_v18_SR.disco (0.46, 0.50, 0.44, 0.26) 1.233
v8_xgb_v9_xgb_SR (0.10, 0.24, 0.10, 0.96) 1.730

4

BT — ptu,
Training Cut values POI uncertainty
v3_disco_v17_xgb_SR (0.64, 0.68, 0.60, 0.52) 1.230
v3_disco_v11l SR xgb SR (0.60, 0.58, 0.54, 0.62) 1.234
v7_disco_v17_xgb_SR (0.62, 0.62, 0.58, 0.58) 1.238
v7_disco_v11_SR_xgb_ SR (0.56, 0.68, 0.52, 0.58) 1.240
v7_xgb_v14_xgb_SR (0.56, 0.72, 0.56, 0.70) 1.243
v3.disco vi0 xgb SR (0.62, 0.60, 0.48, 0.62) 1,243
v3_xgb_v14_xgb SR (0.62, 0.56, 0.56, 0.66) 1.245
v4_disco_a_v17_SR_xgb (0.56, 0.66, 0.0, 0.98) 1.860

1.22 |

POI unc.

1.28

Setect'm% the best classifier

Construct a simple pyhf model:

Signal: normfactor (4) and mc_stat (staterror) ~ # = 1: SM prediction 10~

Background: normfactor and mc_stat (staterror)

Scan classifier output in 0.02 step for each channel, perform a binned maximum
likelihood fit and obtain the expected sensitivity on the Asimov data.

Select the training that minimises the uncertainty on u for the combined fit for 4
channels.

Dptwwm for hyperparameter optimisation

B? — wttv Belle II simulation

¢ 50 trials
x 100 trials
x 200 trials
e 500 trials
1.215
--- 1.216
g _ GPOI ——- 1.216
Optuna 1.215

M —=== nominal: 1.227

Trial
BT —ptv Belle II simulation
50 trials
x 100 trials
¢ x 200 trials
™ 500 trials
POI
g — O ——— 1228
« Optuna H -—— 1224
o -——— 1225
*» —== nominal: 1.23
% . .
o o o .
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BKG suppression classifier - “Final” selection and fit on Asimov

0 +
B” — mty, B™ — pty,

MC15_RD, B’ = wrv, MCI5 RD, B* — pru.
T—e Belle II simulation T Belle II simulation T—=T Belle II simulation T — 7w’ Belle IT simulation T—e Belle II simulation T— Belle II simulation T—T Belle II simulation T nr’ Belle II simulation
. [ 1 sig MC 1 [ 3 sig MC i 1 sig MC 5 | sig MC 95k I 6 H 1 sig MC 4r I sig MC
' BB 5= BB 3.0r 1 BB [ BB i i ; BB BB
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Most sensitive channel is 7 — 7 for both, BY — zrv_and BT — pru..
Finally POI uncertainties (for combined fit on all 4 7 decay channels) are:
B’ - mtv— 1.215

BT - ptv_— 1.225

This ts owr reference reswlt. Uf course, inclwobing other systemoatic sowrces will change LT, but sihce the MC statistic Ls expected to

be the leaoding source, the expected sensitivity showld not get worse tn the remaining steps. 16



Short term plan/TO DO list

Apply missing corrections on BB sample.

Add systematics to the fit.

Optimise ROE mask (ECL clean-up) for E

extra’

Check control samples.

Start working group review.

Final conclusion

The goal is to provide the first measurement of b — uzv_,
or more probable the upper limit will be determined,
offering independent probe of LFU violation to
complement the excesses observed in Rj., measurements
and add yet another channel(s) to constrain and possibly
identify NP contributions.

As a final fitting variable it deserves detailed study.

0.50 |
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DisCo

Decorrelate BDT output using Disco: needs to use neural networks: custom loss

L= Lclassiﬁer(y ’ ; true) + 4dCor 1‘2(17_1), y )

BinaryCrossentropy distance correlation

dCov*(X,Y)

2 X Y) =
dCorr*(X,Y) dCov(X, X)dCov(Y,Y)

y: output of the NN on a single minibatch

Vet true labels

—

m: variable to decorrelate £,

A: a single hyperparameter that controls the tradeoff between classifier performance and

decorrelation https:/arxiv.org/pdf/2001.05310



https://arxiv.org/pdf/2001.05310

