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Unitarity triangle : 30 years of development

® Unitarity Triangle constructed from CKM matrix has angles
and sides which are well-defined (physical) quantities
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+ LHCb and improved theory

6 ways of (over)constraining the Apex of the Unitarity Triangle
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CP violation in interference of mixing and decay

®* The S measurable from the time-dependent asymmetry

between B® - f_ and B - f_,
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Belle2 & SuperKEKB status

® 570 fb? of integrated luminosity collected so far
(most analyses based on 365 fb? of Run 1 4S data)

* World record instantaneous luminosity 0.5x10%* cm? st

- target 6x10%* cm=2 s’
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Frequent beam instabilities has resulted in
smaller integrated luminosity, and even to
preventive turn-off of PXD in 2024
— Most of the 2024 runtime dedicated

to accelerator studies
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Measuring time-dep. CPV at Belle Il

e Collisions energy just above B°B° production
threshold

® Due to the asymmetric beam energies
B-mesons fly in the direction of the e- beam

B°BY mass
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In this talk
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Spring 21
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GNN-based Flavor tagger and B® - J/Ip K°

®* The Graph Neural Network based Flavor tagger

- . - Phys.Rev.D 110 (2024
leads to ~20% gain in the effective statistics Yo-RE (2024)
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https://arxiv.org/pdf/2402.17260
https://arxiv.org/pdf/2309.09728

CPVin B° _ JIy Tt°

* Color suppressed b - ccd tree-level decay

® Important input to correct for the penguin
contamination in the B® - J/{ KO

arXiv:2410.08622
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The world’s most precise measurement of this mode
(higher precision than Belle)
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https://arxiv.org/abs/2410.08622
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112008

¢. = B from Penguin b - s transitions

arXiv:2402.03713

Phys.Rev.D 108 (2023) 7

Phys.Rev.D 109 (2024) 11
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* N - N(-yy)m+n- ® Major challenge is from non- * Major challenge is to reconstruct B°
n - py resonant B® - K* K K% BG with vertex from three K% “tracks”

e ~800 signal events opposite CP phase e ~160 signal events

® ~160 signal events
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Results compatible with World Average, not at the Belle precision yet.
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https://arxiv.org/pdf/2403.02590
https://arxiv.org/pdf/2307.02802
https://arxiv.org/pdf/2402.03713
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Experimental framework

® For B> 1t and BY - 1Y 11° the
tree-level and loop contribution have
similar size, but different phase

® Usage of Gronau-London isospin
relations for B - 1111 t0 disentangle
the effects (CKMfitter, UTfit)

AT = AT V24 A%
A0 — A+_/\@+AOO
]A+O| _ |A+O|
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Need for

® All branching fractions

® Direct CP asymmetries C%® C*

*TD CP asymmetries S S*

Projected Belle Il sensitivity for a is 1%

(currently 5%)
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Time integrated B° - 11° 10° FPCP2024

g _ 12620 signal events
* Very difficult for LHCb, important
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https://indico.cern.ch/event/1291023/contributions/5866449/

Time integrated B°- 1t* 1T and B* - 1" 1T°

* All decay modes are still stat-dominated since the 1° efficiency
systematics will improve with more data

* Measurement of the B° - 1t*1t" CP asymmetries in the pipe-line

Phys.Rev.D 109 (2024) 1
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https://arxiv.org/pdf/2310.06381
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Combined Belle & Belle Il fit

* Interference between b — cus and b - ucs

- K (%)= b Vub D)0
W — S B_O -
b K )
B—O Vb OD(*)() U
" K(*)—

favored U
= 0 5 *
i - D K - Vcbv us

1

®* The amplitude ratio rs and strong
phase 0s are model dependent
- There are several methods
of determining y
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https://arxiv.org/pdf/2404.12817
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https://arxiv.org/pdf/2110.12125

Combined Belle & Belle Il fit: Results

JHEP 10 (2024) 143

Belle + Belle IT (2024)

* Fitted combined likelihood with 18 free L —
parameters, inputs: | 1502- BN FCG ol I
— 45 Belle/Belle Il data points 10| N Al ey
- 14 “external inputs” (D decays) 10}

® Consistent results for various methods and 22 1|
various decay modes, good fit quality o
(chi2/ndf =38 /41) 100y

] 90
* Small correlations between ®; and the strong | contours at 68.3% CL
. . T
phases 0s & amplitude ratios rg A S

Be”e I I reSUIt B decay D decay Method Data set (Belle + Belle IT)[fb~!]
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D3 = (646 + 2 .8)0 Biv o DEK ii;ﬁi’ﬁ  Kom, Kad, Kow, GLW 21040

BY - D*K+ D*— brrO,D’y, D — Kt BPGGSZ (m.d.) 605 + 0
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https://arxiv.org/pdf/2404.12817

Conclusion

* Broad CPV physics program at Belle Il
— Precise measurements of Unitarity Triangle angles
- CPV In rare b - s decays sensitive to New Physics

* The Run | Belle Il dataset similar to BaBar but often the
precision Is better:
— Smaller interaction region
— Better vertex resolution
— The GNN-based B flavor tagging

® After LS1 a lot of running time dedicated to the
accelerator studies
— Improving luminosity is the priority
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