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Big questions and complementarity

- Physics Beyond the Standard Model =\ A
- Search at the energy frontier - limited
- B physics - hints of SM anomalies i B

- CP asymmetry
- Rare decay channels uniquely probed by Belle IT
- Lepton flavor universality
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Charm Lifetimes

o Provide important inputs to tune flavor dynamics phenomenological models

PRL 127, 211801 (2021)

o Experimental challenge: <% control of systematic uncertainties (especially alignment)
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New Physics search — Higgsstrahlung

. oo Elop

. U(l)/ extension to SM
- Belle II : focus on M},l < A/A region

- Lack of evidence of wimp-like DM motivates searches for
low-mass DM

- Experimental challenge: control of trigger/backgrounds in very
early data - Op - dark coupling constant
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— Probing previously unexplored regions — No significant deviation from SM bkg expectation measured —  World best results!
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Unique access to: BT — KTvV

- Channel unique to Belle IT PRL 127, 181802 (2021)

- Experimental challenge: detailed understanding and tuning of simulation
SM
- FCNC heavily suppressed
- Expectation based on SM (4.640.5)x10~°
Experiment
- Validated using BT — J/y(— utpu=)K™
- Inclusive tag approach giving best performance

PRL 127, 181802 (2021)
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Electroweak transitions, Lepton flavor universality, b — sll

- Suppressed SM transition b — s
- Similar reconstruction precision for e and p channels

— Check of R(K'

— ~ 30 evidence for an anomalous ratio of 4~ " /e* e~ from other experiments
— Provide constraint on Wilson Coefficient Cy for both modes by BF measurement

(*)) possible NP anomalies

- Searching using 189.26 fb~! BB-KptpT) = (1.19£031108)x107°
- Validated using B* — J /(= IT1) K BB—K'ete™)  =(1.49+0.4840.09)x10~°
BB — K117 = (1.254£0.30730%)x10°

B—=K'Z¢ fit projections Belle Il preliminary

Lucia Kapita’noﬁ

— e data
9 > ianal
S aof Belle IT $ signal PDF
S LpSLd=189 b © background PDF
§ 8 total PDF
S (=]
=2 P
X 2
0 =
2 -
2 wos
i 4

2

05,2 521 522 523 524 525 526 5.27 528 5.29 —00.1 5 -0.1 -0.05 0 0.05 0.1
M,. [GeV/c?] AE [GeV]

PDG#x10°
0.9440.05
1.03+0.19
0.99+0.12
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B® — K70 /K9x°

- Rare decays - sensitive to New Physics b W s
- Unique high precision probe of theoretically accurate relationships between rates of B — K7 decays B u, q
- Experimental challenge: vertex reconstruction with a K,x° final state _ d l.g
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B — K9n0y

- Channel unique to Belle II
SM Flavor-specific y polarization due to V-A
— B" > K0n%y-RHy
~ B = Kin'y-LHy
- NP search : may appear as TDCP asymmetry
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B mixing and lifetime (hadronic channels)

- Experimental challenge: vertex resolution model

-1 2 backgrounds: e*e — ¢gg and misreconstructed and ete — BB
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SUMMARY

eTe” asymmetric collisions @ Y (4S) - intensity frontier experiment

Belle II detector at a B-factory - ideal environment for probing New Physics
Current results obtained with [ dr.Z = 189.3 fb~!

Both time-dependent (z(c), t(B°), Amp, Acp,...) and

time-independent (dark sector probing, IV |,IV,;l..) measurements

More results available:

- Belle II Publication page

- Integrated luminosity [Chinese Physics C 44, 021001 (2020)]

. search for invisible Z’ [PRL 124, 141801 (2020)]

- search for axion-like particles [PRL 125, 161806 (2020)]

- search for Kvv [PRL 127, 181802 (2021)]

- D and D* lifetime measurement [PRL 127, 211801 (2021)]

- Belle + Belle II, CKM angle ¢3 /7y [THEP 02 2022, 063 (2022)]

World best results - Charm meson lifetimes
World’s first upper limits on cross section and couplings for 4 GeV <M, < 9.7 GeV
Belle II ready for time-dependent CPV measurements

More exciting measurements and results to come with bigger datasets and further analyses!
Lucia Kapitanova



Lucia Kapitanova

BACK-UP SLIDES
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0 We expect a higher precision with untagged measurement as the corresponding
efficiency is 20-30%

Gagan Mohanty - Flavor at the Crossroads '22
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Detector

Lucia Kapitanova

Krand p detection
K p-resolution: 15 MeV
id enmon efficiency: ~90%

Belle I

itropns (4 GeV)
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Luminosity Outlook

my  Integrated Luminosity (delivered)

5 Integrated Luminosity (delivered)
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Luminosity (Accessed May 7, 2022)

0 Belle Il Online luminosity
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Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kwv, pv), inclusive decays,
time dependent CPV in By, T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. Av), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Most key channels will be stats.
limited (not theory or syst.).
LHCb scheduled major upgrades
during LS3 and LS4.

Belle Il formulating a 250 ab-!
upgrade program post 2028.

arXiv:1808.08865 (Physics case for LHCb upgrade II), PTEP 2019 (2019) 12, 123C01 (Belle Il Physics Book)
Phillip URQUIJO

Beauty 2020

Belle II - LHCb Comparison

+ Important contributions on B and D flavour
physics from ATLAS, CMS, BESIII.

Current 2019 Bellell Bellell LHChb Bellell  LHCb
Opseratle Baver  LHCH (SabhGoah a3y S
¥ sin 2p/o1 (B— Iy Ks) 0.03 0.04 0.012 0.005 0.011 0.002 0.003
¥ vios 13° 5.4° 4.7° 1.5° 1.5° 0.4° 0.4°
¥ o2 4 - 2 0.6° - 0.3°
FE V| (Belle) or [Vus)/|Ves| (LHCb) 4.5% 6% 2% 1% 3% 1% 1%
Ps — 49 mrad - — 14 mrad 4 mrad
¥ Sce(B—n’ Ks, gluonic penguin) 0.08 o 0.03 0.015 o 0.007
¥ Acp(B—Ksn0) 0.15 - 0.07 0.04 - 0.02
hysics in radiati EW Penguins, LF
¥ Scp(Ba—K'y) 0.32 o 0.11 0.035 o 0.015
I RB-K'IF) (1<g2<6 GeV?/c?) 0.24 0.1 0.09 0.03 0.03 0.01 0.01
¥ RB-D'W) 6% 10% 3% 1.5% 3% 1% 1%
Br(B—1v), Br(B—K'w) 24%, — - 9%,25%  4%,9% - 1.7%, 4%
Br(Ba—pp) - 90% - - 34% 10%
Charm and T
¥ Adcp(KK-nm) - 8.5x104 — 54x104  17x104  2x104 0310
¥ Acr(D—mn0) 1.2% - 0.5% 0.2% - 0.1%
Br(t—ey) <120x10° —  <40x109 <12x10° - <5x10
Br(t—ppp) S <21x109  <46x109  <3x109  <3x109 <16x109 <0.3x10 5x109

o Possible in similar channels, lower precision
— Not competitive.
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