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Introduction

Measuring SM CP violation = Measure complex phase of CKM elements.
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¢o: see Eldar Ganiev's talk.
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CKM: Current status
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m New physics (NP) prospects:

> ¢1: comparison of TD-asymmetry in tree- and loop-dominated processes.
> ¢3: test of direct vs indirect disagreement (requires improvement of precision in

direct measurement).
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SuperKEKB accelerator

m SuperKEKB: 4 GeV e™ and 7 GeV e~ asymmetric collider at KEK.
m A 30-fold increase in instantaneous luminosity over Belle, £ = 6x103%cm—2s—1.
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Belle Il detector and status
K _and p Detector:

Resistive Plate Chambers (barrel outer layers)

Scintillator + WLSF + SiPM's
«end-caps , inner 2 barrel layers:

EM Calorimeter:

Csl(TI), waveform samp
b,

icle Identification:

e-of-Propagation Counter (TOP) (barrel)

nity focusing Aerogel RICH (ARICH) (fwd)
CD¢

Beryllium beam pipe: — 3
2cm diameter Y
Vertex Detector:

,i =

e

S

PXD:ZIayersDEPF //&{-‘_
D £

SVD: 4 layers DSS

Central Drift Chamber:
He(50%):C:Hs(50%),
smaller cell size, longer lever arm,
fast electronics

m Improved tracking, vertexing. m Challenge:
m Better particle identification. » Higher beam background
m Better calorimeter resolution. > Higher trigger rate
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Belle |l detector and status

EM Calorimeter:
Csl(Tl), waveform sampling
(barrel+ endc

s (7 Gey) ) -

Beryllium beam pipe:
2cm diameter

Vertex Detector:
PXD: 2 layers DEPFET
SVD: 4 layers DSSD

Central Drift Chamige
He(50%):C:Hs(50%),
smaller cell size, longer I1§v
fast electronics

Peak luminosity [x1035 cm2s'1]

10 70
—Lwdk Before IR upgrade | ——Int. Luminosity
8 || Loear After IR upgrade 60
5
ad
6 RF 40§
[partial] St
IR (QCs*) 30 2
1 o Z
o
PXD 20 =
2 =
@ @ 10
0 (Tuning) 0
201911 202111 2023/1 20251 202711 2029/1 2031/1

m Improved tracking, vertexing.

m Better particle identification.

m Better calorimeter resolution.
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More details in K.Matsuoka's talk.
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Belle |l detector and status
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Belle 1l Online luminosity Exp: 7-8-10-12 - All runs

EM Calorimeter: 7 Integrated luminosity 80
Csl(Tl), waveform sampling mmm Recorded Weekly
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Beryllium beam pipe:
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Vertex Detector:
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SVD: 4 layers DSSD
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m Improved tracking, vertexing. World Record by SuperKEKB on June 15"
m Better particle identification. 2020:
L = 2.4x103%*cm 2571
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Extraction of ¢3

m Only CKM angle accessible at tree level.

m Very precise theoretical prediction d¢3/p3 ~ 10~

m ¢; is the phase between b — v and b — ¢ transition:

Asuppr-(B= — DOK-)

Afavor, (B* — DO K*)

— rBei(5B—(/)3)
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m Measured via the interference between B~ — D°K~ and B~ — EOK_ with various D°
channels.
» GLW method: CP eigenstates: K=K, 7~ =+, KSx°
» ADS method: DCS modes: K*n~, Knr®
» BPGGSZ method: self-conjugate multibody final states: K37 7", KSn~ 77 KK~ K™
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Belle Il prospects for ¢3

m Golden mode in Belle Il: B¥ — DY(K}7—n+)K* :
» Model-independent binned Dalitz plot approach. ] ¥

» Number of events in /" bin is a function of Tg/ys: ’ °

N = hp[Kui + 13K+ + VKK _j(v1ci + y+s;)] i i
(z+,y+) = rp(cos(xo; + 0B),sin(£p, + dB)) " . ;

I | L L |
05 1 15 2 25 M"’Q
Belle Il Physics Book - arXiv:1808.10567 e

m Precise strong phase measurement needed to match Belle |l stat. precision: expected
from 20 fb—! BESIII data set.
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B — DK @Belle Il

m More sensitive to ¢3 than B — D because of its higher rg value.

m Rediscovery of B — DK with more than 55 evidence using the continuum
suppression tool and particle identification technique of Belle II.
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m Total 53 £ 9 signal candidates are obtained with a 1D maximum likelihood fit to the AE.
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Future prospects

m Expect Belle Il and LHCb upgrade to match each other’s performance!
m §(¢3) < 1.6° with 50 ab™! data set.

Figure: Fit extrapolated to 50 ab™! for a

m Modes that are good for Belle II: SM-like scenario
» D* — D70 DOy
» D% — K370, o : : : : .
& =
m Belle Il strength: N3 3
o4 g =
> Increasing statistics = SEC E
» Good neutral reconstruction o2 ; ki 3
» Better K /7 separation N Ve > 3
> Better continuum suppression e PR o o o5 m o
P

Belle Il Physics book: arXiv:1808.10567
m LHCb will clearly have more precise results in fully-charged final states.
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CPV at Belle Il

m Decay rate of B meson to CP eigen-states:

—latl/T _o

P(At,q) = € B_[1+ q(Agp cos AmyAt + S p sin AmyAt)]

4T
BO

m Key element: Vertex position measurement, B meson flavor tagging.
BELLE2-CONF-PH-2020-003
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see Cyrille Praz’s talk.
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Belle Il prospects for sin 2¢,

I/

m Most precisely measured UT parameter so far.

m Tree-dominated b — ccs golden mode:
B — J/YKY, = Acp =0, Sp = sin2¢

» Theoretically and experimentally precise.

= Asymmetry in B® — J/¢Kg

m Numbers:

Events / (0.002 GeV/c?)
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Future prospects

m Challenge both for experiment and theory: penguin pollution.
m Can be controlled experimentally: B — J/t,bﬂ'o

’ sin 2¢1 ‘

y Belle Il | LHCb \

5ab~! 50ab ! |[8fb! 50fb !
0.4° 0.3° 0.6° 0.3°

C'P asymmetry projection @50ab !
m Other modes which can also contribute
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m Flavor physics at high luminosity B-factories offers good probe for testing SM and
looking for NP.

T T
Amy& A
m now ¢, - & %

3 JAm,

m Belle Il will play a key role in particle physics.

— Belle II: 50 ab?

[y /2% ER IR IYETY SETTA ROARA AT

» Experience from Belle and Babar. =, i ~ Colelio0 ¢,
» Good complementarity with LHCb. 3 & o
» CKM angle measurements can be improved h !

with just 5 -10 ab~! data set. L
» Huge data set of 50 ab™!: several

measurements will be syst. limited — lots of d0p1 S 0.1°

work ahead! Oy < 1°

ops < 1.6°

m Brand new asymmetry results from B? — J/1/)Kg: towards sin 2¢4

m Expected experimental performance often better w.r.t Belle despite 20x higher beam
background and lower boost.

m Looking forward to the next decade of Belle Il results!!
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Belle Il highlights at ICHEP 2020

CPV and CKM: Experimental overview: Doris Kim

First results and prospects for 7 LFV decays: Francesco Tenchini

First results on V., and V., with Belle |I: Racha Cheaib

Leptonic and semileptonic decays with 7s at the Belle || experiment: Marco Milesi
Early charmless B decay physics at Belle II: Eldar Ganiev

Tau physics prospects at Belle |I: Kenji Inami

Charm potential at Belle |I: Giulia Casarosa

Results and Prospects of Radiative and EWP Decays at Belle |I: Yo Sato

First results from Belle |l on exotic and conventional quarkonium: Roberto Mussa
Dark Sector first results at Belle |I: Enrico Graziani

The Belle Il Experiment: Status and Prospects: Kodai Matsuoka

Status and Future development of the FEI Algorithm at Belle II: William Sutcliffe
B lifetimes at Belle |I: Cyrille Praz

Track rec. eff. measurement using ete™ — 7777 events at Belle |I: Laura Zani
Trg eff measurement using e" e~ — 777 events at Belle |I: Petar Rados

A VWaVWa
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