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SuperKEKB and Belle |l

Upgrade to achieve 40x peak &
under 20x background

New final focus

New positron
damping ring
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Particle Identification
~ Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
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Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD
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Central Drift Chamber
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® High resolution hermetic
detector.

® FEfficient reconstruction of
neutrals (JZ'O, 7).

Total integrated luminosity [fb~1]

® [agged events to measure
absolute 9.
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CP Violation Measurements
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Flavor tagging Eur. Phys.J. € 82.283(2022)

Determination of the B,,, with an
MVA technique using all particles

not belonging to Bsig.

Dilution factor: regpr = (1 — 2w)

T Mistag
fraction

Efficiency evaluated from BB/BB in
7 |q - r| bins.

Flavor tag: g = = 1.
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https://arxiv.org/abs/2110.00790

Measurement of sin 2¢),
. Flagship measurement of the BY mixing phase P, = arg|— V;Vcd/(V;th)].

* Tree decays: Further constrain possible non-SM physics in mixing.

* Penguin decays: Probe non-SM in decay by comparison with tree
measurements.

SKgKgKg = —sin2¢, + AS S 0o = Sin2¢4
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" Belle II (Preliminary) RO
2 - [Ldr=190 fb~!
» Golden mode for sin 2¢;, almost background free. e 150 _-/
-
U nnel): Z :
« K; and other cc to be added. Z‘VS)(I:{SO?BSO :)0_020 % 100 |
Scp = 0.695 +0.019 _
 Using resolution function developed for lifetime and | o - % 50|
mixing analysis on B — D~h*decays. ;T)g:c;ttygmty S |
0} ' '
14 - + + 50
e Validation with B™ — J/yK™. Agp = 0.094 + 0.044(Stat)f8:8‘11%(syst) g 05| {
S» = 0.720 = 0.062(stat) + 0.016(syst) =
0 0700 CP >,
B _) KS KS KS Dominant:T <:
Size of control samples
» Challenging vertex reconstruction: only reconstructed At [ps]
K{ — ntn~ extrapolated back. arXiv:2209.09547 B® - KJKIK)
35 |
« Two BDT classifiers: to reduce fake Kg and eTe”™ — ¢ ' Belle II (preliminary) e q=+1, B’
continuum background S2+ A%< 1 — OF LN g B
' 10| — & .t det=189.3fb q=-1, By,
. Validated with BY — K+K9K?. LG 2 0l
Acp = —0.22 £ 0.29(stat) = 0.04(syst) < ol >
: 68.27 %
Scp = — 1.86 £ 0.83(stat) = 0.09(syst) s}

Both analyses still statistically limited


https://arxiv.org/abs/2209.09547
https://docs.belle2.org/record/3130/files/BELLE2-TALK-CONF-2022-080.pdf

¢, withB — nan & B — pp iy

PRL 65, 3381 (1990)

* Penguin pollution complicates extraction of
ff __
, = ¢+ Ay

* [sospin relations to disentangle tree and penguin

contributions.

A+0 LA+— +A% A0 = LA+— 4 A00

V2 V2

(-)..
AY = amplitudes of the (anti)particle decay

For statistically limited B — V'V decays, integrate over ¢ and fit helicity
angles to extract f;:

1 d’T
I" dcos led COS sz

« f; cos* 0, cos” B, + (1 — f;)sin” , sin* 0,
@Belle Il:
e BY 5 7%V ICHEP talk

e Bt » 7t7¥ arXiv:2209.05154
o B 5 ptp~ arXiv:2208.03554
o BT - ppY arXiv:2206.12362



https://docs.belle2.org/record/3126/files/BELLE2-TALK-CONF-2022-076.pdf
https://arxiv.org/abs/2209.05154
https://arxiv.org/abs/2208.03554
https://arxiv.org/abs/2206.12362
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.052007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.3381
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o Limiting input in isospin analysis to determine ¢, from
B — 7z decays. Belle Il unique reach.

Events per 0.021 GeV

* Dedicated MVA selection to reject fake photons + optimized
¥ selection. (€p.ji. 1 = 35.5 % > €poy. = 22%)

* Dedicated continuum suppression BDT algorithm trained on =) SR S SN S P
data sideband and signal MC. -4+
. . . 35
« 3D (M}, AE, BDT g supp.) simultaneous fit to 7 bins of % sl Do |
flavor tagging quality: S o25f " Contirmaum
S 20} l 1 1 55
0 0_0y —6 s | -
B(B” — m7m )= (136 ££0.26 + 0.19) x 10 g 151 T
o 10F * + .............
Acp = +4+0.14 £0.46 = 0.07 g Bellelf T T T
z 5F f L dt=189.9 b + ’
Procision not far from PRD 96 032007 (2017)  PRD 87 052009 (2013) 256 5265 597 5275 508 5.28.5;-““52.29
6 6 M_ [GeV/c
data size B(B® - n'n") 1.31+0.19+ 0.19 1.83+£0.21+0.13 3 0 :.r..-.‘,.°-,..-
Acp(B® - 7%7%) | =014 £0.36 £0.10 | —0.43 £ 0.26 + 0.05 -4



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032007
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.052009
https://docs.belle2.org/record/3126/files/BELLE2-TALK-CONF-2022-076.pdf
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e OD (AE, m .+

70

08 0+, BDT o supp) fit taking

correlations into account to extract %4 and f;.

* Yields of measured peaking backgrounds fixed in fit

(similar final state 27°, z*, h™).

o 9B measurement limited by systematic uncertainty.

Largest systematic associated to &

BB’ — pp7)
fr

2.67 -

0

reconstruction.

- 0.28 (Stat) -

).956 4 0.035 (stat)

- 0.28 (syst)] x 1072,
+ 0.033 (syst),

WA: % = (2.77£0.19) - 107, f, = 0.99075 07

« TDCPV analysis underway.
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https://arxiv.org/abs/2208.03554
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e Measured from interference of

b — ciis and b — ucs tree
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amplitudes in B~ meson decays
to open-charm final states.

JHEP 02, 063 (2022)

First combined Belle and Belle Il analysis
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* Simultaneous analysis of both final states. <y B L, s
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« BPGGSZ technique: model-independent Dalitz plot et § R TRT TR
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https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf

Bt — D'Kh*h )Rt

* |Improvement wrt previous Belle analysis (PRD85.

112014 (2012):

» NN-based MVA for Kg reconstruction:;

» |ncreased statistics from D — KSKJFK_, in addition

toD — Kgﬂ'_l_ﬂ'_;

> |Improved background rejection method.

¢ = (78.4 £ 11.4(stat) = 0.5(syst) = 1.0(ext))’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112014
https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/
https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112014
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Towards Belle Il 1.

Asymmetry rule for NP nearly free of theoretical uncertainties, where the SM can be tested
by measuring all observables:

O +. T + 0, 7T 0O O
B(K 7 ) 0 B(K m ) U B(K m )
)i :A 4+ — —|—A 0 -+ — — 2,/4 + 0 — £ 2./4 O O —
L K K =« B(K_I_ﬂ- )TB—I— K B(K+7T )TB—I— K =« B(K_I_ﬂ' )
+0.0016+0.0131
(IKTF = —0'0088—0.0017—0.0091) [@NNLO]

EPJC 78 (2018) 11, 943

u, d

[ has a 10% experimental
uncertainty dominated by

Acrp(K gﬂO)

@Belle II:
o B - Kn® arXiv:2206.07453

* BY — K*n’ arxiv:2209.05154 Color-suppressed tree Color-allowed penquin
e B Ktn~, K arXiv:2106.03766 PP peng
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https://arxiv.org/abs/2206.07453
https://arxiv.org/abs/2209.05154
https://arxiv.org/abs/2106.03766
https://inspirehep.net/literature/1679298
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https://arxiv.org/abs/2206.07453

Outlook

 Robust program to measure all angles of the Unitarity Triangle.

« Moving towards penguin decays (¢K§), n’KO, ...) after measuring

th e g O | d en m Od e. arXiv:2207.06307, arXiv:2203.11349 (Snowmass)
Observable 2022 Belle-11 Belle-11
- . Belle(I1), 5 ab™! 50 ab~1
* Exploiting the full potential of BaBar
Belle + Belle Il analyses. sin 2/ 41 0.03 0.012 0.005
v/¢p3 (Belle+Bellell) 11° 4.7° 1.5°
oz/qﬁg (WA) 4° 2° 0.6°
T i TP P \F
g =001 o - i 22021 i : K e Potential for Belle Il to go
- 0.5 = sin 2¢, A% .,
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