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Motivation

* (Questions
 origin of generation and mechanism of flavor

* baryon asymmetry (in Universe) and CP violation

- Both involve 3 generation — motivated to study heavy quarks
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B physics experiments




heavy flavor (b) factories

* Current/Recent

« B factories : KEKB/Belle, PEP-II/Babar
1999 - 2010 : 772x10° + 471x10° BB
e+e- collider at 10.6 GeV (CMS)

. LHCH <

2008 - : ~9 fb-1 ~ O(10"%) b’s
pp collider at 7-13 TeV

* Upcoming

. SuperKEKB/Belle 11 < IIEEDD

2018 - : target is ~50 ab™' by 2024, 5x10'’ BB
e+e- collider at 10.6 GeV (CMS)



Achievement from Belle/Babar

 Discovery of CP violation in B meson
 Confirmed Kobayashi-Maskawa mechanism

» Precise measurement of CKM parameters
Study for origin of CP Violation

- Study rare phenomena for new physics search

» Obtain hints for new physics



Discovery CPV

;ngs 31 x 10°BB 2001 summer
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Discovery CPV

</>| Fulldata: 772M BB
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determine CKM unitarity triangle

5(Sin2¢1) ~ 4%
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At (ps) At (ps) 6¢27 5¢3 N 0(10%)
sin2¢1 = 0.667 + 0.023(stat) 4+ 0.012(syst)

Ar =0.006 + 0.016(stat) + 0.012(syst)
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Study rare phenomena

BELLE N 100 fb_l ~ 400 fb—]- ~ ]_ a;b_].
b — Sg—l_g_ observation (2003) b — d,-y B —S TV

K W' evidence (20006)
~20 events | observation (20006)

Events /0.1 GeV

events / 2.5 MeV/c?

Asymmetry
angular analysis 660MBB (2008) Time dependent CPV
: (2009) Full data analysis (2014)
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hints ? for new physics

 Contribution of new physics may
appear as deviation from SM
prediction

Anomaly is reported by LHCb
Belle result is consistent with SM

Lepton universality test

Belle preliminary Belle preliminary

- Data for B® and B+ modes
[ sM prediction

center value is away from SM prediction,
but error is large.
— consistent with SM within error

-@-

center value is closer to SM prediction,
but error is smaller.
— ~4 sigma deviation

SM prediction

~3 sigma deviation

[ HFLAV average sz = 1.0 contours

HFLAV

+ Average of SM predictions

R(D) =0.299 =+ 0.003 Spring 2019

R(D*) =0.258 + 0.005



Discovery CPV

</>| Fulldata: 772M BB

determine CKM unitarity triangle

: : O(sin2¢1) ~ 4%
6 -4 'zAt?ps)z ‘6 ° -zAt?PS)Z te 5¢27 5¢3 ~ 0(10%)

sin2¢1 = 0.667 + 0.023(stat) 4+ 0.012(syst) :
Af = (0.000 + 0.016(813&13) + 0.0lQ(SySt) Stll' room for NP

10



Motivation for the higher luminosity
B factory

Higher luminosity B factory provide rich physics programs to approach big questions.
There are many modes as good probe to search new physics.
B factory is also charm and tau factories.

Precise measurement of CKM

sin2¢; from matter-antimatter asymmetry
hew CPV Phase time dependent CPV
new flavor coupling | origin of flavor
CPV in charm

Study rare phenomena for new physics search

, , , mass origin

interaction between charged Higgs

and quark-lepton 5 — D (*)TV y TV beyond Standard Model
ight h .

Right handed current TCPV in B — X.~ S

LeptonFlavorViolation

T — uy, L0
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what is the main mode in Belle-ll ?

Belle (1999 - 2010)

CP violation in B meson system

Belle -lI
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“The results are consistent with SM
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what is the main mode in Belle-ll ?

Belle (1999 - 2010)

CP violation in B meson system

Belle -lI

to finalize the results with larger statistical data

- sin2¢; from time dependent CPV

S e physcs contrbute

o4 T — uy, 34 coupling, phase..

SM prediction

—@—i TCPV in B — X v

W B — D(*)TV, TV
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SuperKEKB / Belle-II

Belle Il TDR, arXiv:1011.0352

Hadron calorimeter(KL/H)

Electromagnetic calorimeter Resistive Plane Counter(barrel)
Csl(Tl) waveform sampling(barrel) il Scintillator+MPPC(end-caps)

ime-Of-Propagation counter(barrel)

W :
‘\‘N\\\\\\A Particle ID detector

racking detector
wire chamber/Helium based gasjs
small cell, longer lever arm,
fast readout electronics

=

Vertex»deﬁector
2DEPFET(pixel)+4DSSD(Silicon) lyrs

@igher backgrounds
ligher event rate
% Better performance
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Belle 11 collaboration

« grown a lot in the last years

~1000 members 1n 26 countries, >100 institutes
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Belle II

electron -positron collider

e et — Y(45) — BB

proton -ptoron collider (7-14
b quarks produced by gluon fusion

Exclusive production All b-hadron varieties produced
BdBd deB&BC)Ab

ooy ~ 1nb ; ~ 1 x 10% bb pairs/fb~"! opy ~ O(100)ub ; ~ 1 x 10! bb pairs/fb "
low multiplicity and clean environment high multiplicity and not clean environment

B mesons almost at rest in lab frame Highly boosted topology gives excellent decay
asymmetric beam energies boost for decay vertex vertex separation.

separation

Hermetic 47 detector Longitudinally boosted bb pairs
Advantage in modes including v, 7°, v (missing) Advantage in charged particles modes and

Bs decays
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sin2p1 at Belle2 50/ab

* s5in2®1
* b — stransition
+  New physics can contribute to loop

« promising way to probe additional CPV phase from New Physics

* b — ctransition

. . . More statistics is crucial for
« treediagram is dominant

mode-by-mode studies

sin2p°™) = sin(2¢:™) ¥

PRELIMINARY

. can be measured precisely as SM reference

j}.\

b — ccs tree @ b — sqq penguin

b—ccs Warld Average 1 0.70+0.02

b c b T, S b, 1 b
s @, 7
\—Lt< ; \%?Q< 5. ~+
d d d d K d
sin2¢§" ~ sin2¢; @SM sin2¢§" # sin2¢; Gold - plated modes
**k B — 0K
. . . Y% B e S
decay amplitude is dominated by — 1 g n*x Kg NRverage

K*K K° Average

the short distance penguin transition b — s5s *B N KgKgKg i oesy




sin2p1 at Belle2 50/ab

soon the measurement will be systematics limited; need to control them

? B 0 — (cé) K U as SM reference

Sin2¢q Asymmetry
0.67 £0.023 4 0.012 0.006 £0.016 =4 0.012 Belle
x.xx £ 0.0027 £ 0.0044 z.zx £ 0.0033 £ 0.0037 Belle I1 (50/ab)

Belle Ii f L=50ab" e, WA (2017)  5ab ! 50 ab !

e Channel o(S) od(4) o(S) o(A) a(S) o(A)

: J/yK® 0.022 0.021 0.012 0.011 0.0052 0.0090

dKY 0.12 0.14 0.048 0.035 0.020 0.011

7 K° 0.06 0.04 0.032 0.020 0.015 0.008

021 0.14 0.08 0.06 0.024 0.020

020 0.12 0.10 0.07 0.031 0.021

0.17 0.10 0.09 0.06 0.028 0.018

° JAp K, (S=0.70) the two values would be unambiguously
s MK (§=0.55) distinguishable, signifying the existence of
New Physics
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R(K") at Belle2 50/ab

N * %k
Lepton Flavor Universality is conserved in SM Rg- =T(B — K" pp)/I(B — K~ee)
RI( and RI<* ShOUld be U.nlty < /S Belle preliminary

~2 sigma tension is reported by LHCb in RK*

Belle results is consistent with SM, 1 |
but error is still large [Belle, arXiv:1904.02440 e
Ry~ = 0947015 £0.08 |

SM prediction

(¢° > 0.045GeV?)

D
</ Belle Il Projection (Feb 2018)
Belle IT

Ry ([1.0,6.0] GeV?) 28% 11% 3.6%

Ry (> 14.4 GeV?) 30% 12% 3.6%
Ry~ ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry (> 14.4GeV?) 24% 9.2% 2.8%

If the anomaly is true,

70% data Y(4S), 6 months, slow ramp-up
—@— 70% data Y(4S), 6 months

e e o e 5 sigma confirmation is possible before 50/ab

All data Y(4S), full 9 months
LHCb estimate
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Observables Belle 0.71ab~! Belle II 5ab~' Belle II 50ab!
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B--D® TV at Belle2 50/ab

tree level process with intermediate W=
_|_

-
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sensitive to charged Higgs

Belle Il Projection
—— Belle Combination
—— Babar
LHCb
—— World Combination
- SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

-

10 contours

035 04 045 05 055 0.6
R(D)

B(B — DY)

R(DW) = ===
(D) B(B — D™~ 1)

Ay’ = 1.0 contours

BaBar12

+ Average of SM predictions
R(D) =0.299 = 0.003
R(D*) =0.258 = 0.005

5ab~1 50 ab—1

Rp  (£6.0+£3.9)% (£2.0+25)%

Rp-  (£3.0+25)% (+1.0+2.0)%

> 5 sigma discovery would be
possible
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Phase-1 : Accelerator commissioning without Belle2 detector
Roll 1n of Belle2 detector : 2017 Apr.
Phase-2 : Detector commissioning (~500 /pb)
First collision : 2018 Apr.

Phase-3 : physics data taking. 2019 Mar. -

o8 '- : behmd._,the Scfle,
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status of SuperKEKB/Belle 11

« phase-3 run began at the
beginning of April

Belle Il online luminosity Exp: 7-8 - All runs

Integrated luminosity [fb~1]
EEl Day per Day

——— 5 * spring run ended in the morning
Total [ £ dt =6.49 [fb~!] on July 1st

[fo~1

 will resume autumn run in Oct.

Achieved:

* beam current(max) = 660mA
(target 2.6/3.6A)

*  Py*: 2mm (target 0.3mm)

* Lpea 1 6.1x10% (Belle-1 1x10*,
target 8x10°°)

Total integrated luminosity
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Belle 11 x5 = Belle 111 ??

Flavor physics has potential of improvement to search new
physics with larger data sample

No concrete plan yet, just initial discussions..
- Belle II (50/ab) x5 = 250/ab

« baseline : Belle II structure, Belle II detector

studies to understand limitation of detectors

* background reduction is crucial
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summary

» Belle II experiment at SuperKEKB aims to find New
physics beyond the SM with ultimate precision
measurement of heavy flavor decays

 Belle II physics run has just started

* We expect many interesting and exciting results in
coming years !!
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