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Belle Il Experiment main aim to search for new physics through the
study of rare decays

m Aim for this project: Establish a branching fraction for B(B — n7v)
m Possible further goal of measuring R(w) = % for{ = e,
m SM Prediction: 0.641 + 0.016 [1]

Current upper bound of B(B® — 7= 77v) = 2.5 x 10* at 90% CL done
with hadronic tagging at Belle [1]

Perform such measurement with the use of semileptonic tagging
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Motivation: Similar Measurements
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Figure: R(D) and R(D*) Measurement [2]
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m Tension in both

similar
measurements for
R(D), R(D*)

Belle Il R(D*)
measurement
increases tension to
3.30

Possibility of seeing
similar phenomenon
for light mesons
requires more
statistics
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Theoretical Background

SM Differential Decay Rate B — nwlv:
2
G2| V2| pr|g? 2 ) 32
da = %fg'q <1 - %) [Hg(qz) (1 + %) + T’}Hf(qﬂ

m Helicity amplitudes are functions of the form factors f*/°(g?)
parametrised in g2: in terms of the 4-momentum transfer to the lepton

m Extensions to SM will change this term by modifying the helicity
amplitudes

DO, D) D00, o)

i.d
(a) Feynman Diagram under (b) Possible leptoquark
SM contributions
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Tagging Analysis
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m Selecting T(4S) candidates with our signal B
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v OB -~ -8 \:D m Higher degree of tag knowledge improves the
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- . reduces background
- B m Semileptonic tagging is employed as it provides a
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Full Event Interpretation

m Machine learning algorithm which reconstructs tag B mesons with a
hierarchical approach

m Reconstructed tags have an output variable of signalProbability between
0 and 1 to indicate how background-like or how signal-like the B,z is
respectively

m Tagging efficiency of semileptonic tag ¢ ~ O(1%)

m FEI requires calibration to understand tagging performance

E Tracks J [Displaced Verticesj [Neutral Clusters}
'
)

A
oy

NN
A. Huang CPPC Meeting 27.07.2023 6/11

a



Semileptonic FEI Calibration via exclusive B® — D* (v

Aim: Explore the use of Bsjz cosflgy to extract B® — D*~¢*v to compare
with expectation and use to extract calibration factor

m Retrieve calibration factor from calculation of branching fraction of D*/v

Bppg(B® — D*(+v) = Ngg®(L+Fro)
PDG = 4. CFsre;-Bppe (DF T DO ) -Bppe (D°—DP Modes)

m Fitting to Bjg cos gy for each B,; tagmode
Dtlv, D*{v, Drfv, D*mlv
2Eg cmsEy cms — m% — m%
2|pgl|Py]|

cosfgy =

m Signal Yield determined by 2 template fit of signal component and
combined background of MC to data
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Bsig cos 8y Distributions (All tag modes)
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(a) Pre-fit with Signal D*¢v (b) Fit with Signal D* v
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Bsig cos 8y Distributions (D/{v tag modes)
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(c) Pre-fit with Tag Duv (d) Fit with Tag Duv
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Preliminary Calibration factors at Skim Level
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Figure: Tag decay mode ID listed in brackets

Tagmode
Signal mode | All tags (0-7) | D®*)¢v (0-3) |  Dev (0) Duv (1) | D*ev (2) | D*uv (3) | D™xtv (4-7) | Dmev (4) | Dmpv (5)
D*tv 0.95+0.06 | 0.95+0.06 | 1.12+0.10 | 1.00 4+ 0.08 | 0.94 +0.07 | 0.87 £0.06 | 0.92+0.14 | 0.91+0.19 | 0.91+0.19
D*ev 0.95+0.06 | 0.96+0.07 |1.10+0.11|0.98+0.10 | 0.96 +0.08 [ 0.91 £0.07 | 0.81+0.16 | 0.53+0.22 | 0.96 +0.22
D*pv 0.95+0.07 | 0.94+0.07 |118+0.14 | 1.03+0.12 | 0.96 +0.06 | 0.82+0.08 | 1.09+0.23 | 1.47+0.35 | 0.70 + 0.31

m Calibration factors for D¥ 7l (6-7) are not calculated due to limited statistics, but are
included for the D) fu calibration factor
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Current Plan for B — wtv

m Leptonic 7 decays: 7 — (e/p)vv
m Development of classifier to differentiate signal from background; shown
variables have nice properties for discrimination

Belle Il Preliminary Belle Il Preliminary
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(a) EEE?: Extra energy deposited in the (b) Bsig cosfpy: cosine of angle between
calorimeter not used in reconstruction of the momenta of the nominal B and its
our T(4S) visible daughters
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Backup Slides
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Belle Il Experiment

m SuperKEKB collides asymmetric beams of 7 GeV electrons and 4 GeV
positrons

m Centre of mass frame corresponds to Upsilon T(4S) resonance at 10.58
GeV, which decays to BB > 96% of the time

m Aim over experiment lifetime to achieve an integrated luminosity of
50ab~! corresponding to 52.5 billion BB pairs
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