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Anomalies in b —» ¢ Decays

The Standard Model (SM) postulates the universality of the lepton coupling, g, (¥ = e, u, 1),
to the electroweak gauge bosons.
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The tension with the SM could be a sign of New Physics. R(D)

2. Angular asymmetries: AA, = AL — Al

1 0 dr AFB cdx = d(COS 8{)
f — j dxd_ S3; :dx =d(cos2y)
0 X .

AA, provide theoretically and experimentally clean probes
of light-lepton universality by large cancellation of uncertainties.
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Data Sets & Reconstruction

We analyzed 189 fb~! data collected at Belle Il by the summer of 2021.

One B meson from Y (4S) decay is fully reconstructed with hadronic decays to tag BB events.
The signal semi-leptonic B decays are reconstructed via inclusive or exclusive modes.

Hadronic B tagging (Full Event Interpretation)
Comp. and Soft. For Big Sci. 3, 6 (2019)

Efficiency B®:0.27%, B*:0.35%
arXiv:2008.06096

v
1. Inclusive signal B modes 2. Exclusive signal B modes
Reconstruct other than a lepton inclusively as X. Reconstruct all B daughters through

specific channels.
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https://link.springer.com/article/10.1007%2Fs41781-019-0021-8
https://arxiv.org/abs/2008.06096

Light-Lepton Universality Test: R(X,,,) Measurement

_ , _ B(B - Xe™V,) arXiv:2301.08266
We tested light-lepton universality by R(Xe//.t) = (D — of
B(B - X u‘vu)
the inclusive signal B modes through a fit on the lepton momentum in the Bg;, rest frame, ps .
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R(X./,) = 1.033 + 0.010 (stat) + 0.019 (syst)

First branching-fraction based e-u universality test using inclusive semi-leptonic B decays
The most precise test of e-u universality of semi-leptonic B decays

Consistent with SM R( X, ["'by 1.2¢ and the exclusive Belle R(D*,,,, )I2M31,
/u SM /u

[1] J. High Energy Phys. 11, 007 (2022), [2] Phys. Rev. D 100, 052007 (2019), [3] arXiv:2301.07529
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https://link.springer.com/article/10.1007/JHEP11(2022)007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2301.08266

Light-Lepton Universality Test: Angular Asymmetry /ye

We tested lepton universality by comparing five angular asymmetries of e and p,
AA, (W) = AL (W) — A (W), using exclusive B® — D**£~1, decays.
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First e-u universality test of differential angular observables in w
No evidence of lepton universality violation with at least p-values of 0.12
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https://arxiv.org/abs/2301.04716
https://arxiv.org/abs/2301.07529

Summary

The experimental results indicate deviations from the Standard Model by > 30.
New Physics could contribute to the lepton universality violations.

The Belle Il experiment performed two light-lepton universality tests.

1. R(X.,,) = 1.033 £ 0.010 (stat) + 0.019 (syst)
2. AApg(w), ASz(w), ASs(w), AS; (W), ASe(w)

Both tests are world-leading/first results and are consistent with the SM expectation.
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Appendix




SuperKEKB/Belle Il Experiment

Electron-positron collider LER e
at a center of mass energy of the Y(45) resonance or around.

The world’s highest instantaneous luminosity:
4.7 x 103* cm~2s1

(KEKB record: 2.1 x 103* cm™2s71)

P

Belle 1l Online luminosity Exp: 7-26 - All runs — ; ; /%
—_ [ Flletcc?rdetddV\:eekly v / EM Calorl ]
b 1504 " F400 \\\\\\\\\\ ~7m
> [Ldt=4241b / Z = I
8 12.5 > P
£ 1 502 HER e~ S Partic entification ]
£ oo 362fb""onY(4S) | | | il § £ I Gev | = AL
¢ E E 7 18
E 7.5 (0 11— S 1 - L 200 % -//////ﬁ 4 | 4/ ] .
g | g Vertex %/, o \
*i? 50 | I P || U . . "_; “a 3 : ¢ y LER e+
= 100 ° z AL
E 2.5 ] . - J 4 GeV
0.0 - : : : -0 [ Central Drift Chamber @ d muon detector ]
2019 | 2020 | 2021 i 2022 d

2023/03/20 K. Kojima (on behalf of the Belle Il Collaboration) / Moriond 2023 8/6



Systematic Uncertainties on R(X,/,)

Table I: Statistical and systematic uncertainties on the
value of R(X,,,) from the most significant sources.

Source Uncertainty [%)]
Sample size 1.0
Lepton identification 1.9
X, lv branching fractions 0.1
X, v form factors 0.2
Total 2.2

The modeling of charmed D meson decays by varying the branching ratio of each decay
D — K*anything within its uncertainty while fixing the total event normalization.
The effect is negligible.
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x* Tests of Angular Asymmetries

In the full w region, w;,,; :

Angular observables x2/Ngos p-value

A 15.0/10 0.13

AAgg (W), AS3 (W), ASs(w) 2.1/3 0.56

AS,(w), ASy(w) 0.6/2 0.32

In the sub-w region, wp;,, & wy,,,:

Angular observables X% INgos p-value

A 27.7/20 0.12

AAgg (W), AS3; (W), ASs(w) 10.2/6 0.12

AS,(w), ASq(w) 1.1/4 0.89
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Uncertainties on Angular Asymmetries

The systematic uncertainties are dominated by the sample size of MC statistics.

Obs. w bin Total Stat. MC stat. LID 7y

ASs  we. 0.047 0.044 0.015 0.004 0.001
Whignh 0.052 0.049 0.017  0.004 0.001
Wi 0.034 0.032  0.011  0.004 0.001
ARp Wiy 0.043 0.041  0.013  0.001 0.001
Whignh 0.050 0.047 0.016 0.002 0.001
Wine, 0.032 0.030 0.010 0.001 0.001
AApg Wy 0.064 0.060 0.020 0.004 0.001
Wine, 0.046 0.044 0.015 0.004 0.001

S Wiew 0.053 0.050 0.018 0.000 0.001 Sz Wew 0.052 0.049  0.018  0.001 0.000
Wpign 0.051 0.048  0.018  0.000 0.000 Whign 0.049 0.046  0.017  0.000 0.000
Wi, 0.036 0.034 0.012 0.000 0.000 Winc1. 0.034 0.032 0.012  0.000 0.000
S w, 0.048 0.045 0.016  0.001 0.000 S7 Wi 0.047 0.044 0.015 0.000 0.000
Whign 0.050 0.047 0.016  0.000 0.000 Whign 0.047 0.045 0.015 0.000 0.000
Wine, 0.034 0.032  0.011  0.001 0.000 Wina. 0.032 0.031  0.011  0.000 0.000
AS;  wy, 0.071 0.067 0.024 0.001 0.000 AS7;  wpey 0.070 0.066 0.023  0.001 0.001
Whign 0.072 0.067 0.025 0.001 0.000 Whign 0.068 0.064 0.022  0.000 0.000
Wine, 0.049 0.046  0.017  0.001 0.000 Wina. 0.047 0.044  0.016  0.000 0.000
St Wiew 0.053 0.050 0.018 0.001 0.000 Sy Wiew 0.052 0.048  0.018  0.000 0.000
Wyign 0.051 0.048 0.017  0.001 0.000 Whign 0.051 0.048 0.018  0.000 0.000
Wine, 0.036 0.034 0.012  0.001 0.000 Winel. 0.036 0.034  0.012  0.000 0.000
SE w, 0.048 0.045 0.016 0.001 0.000 Sy Wi 0.047 0.044 0.016  0.000 0.000
Wyign 0.049 0.046 0.016  0.000 0.000 Whign 0.049 0.047  0.016  0.000 0.001
Wi, 0.034 0.032  0.011  0.000 0.000 Winel, 0.033 0.032  0.011  0.000 0.000
ASs  wy, 0.072 0.068 0.024 0.001 0.000 ASy  wiy,, 0.070 0.065 0.024  0.000 0.000
Wyign 0.070 0.066 0.023  0.001 0.000 wWhign 0.071 0.067  0.024  0.001 0.001
Wine, 0.049 0.046  0.016  0.001 0.000 Winer. 0.049 0.046  0.017  0.000 0.000
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