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Introduction to Flavor Physics

« The quark masses and mixing arise from Yukawa couplings of the fermion fields to
the Higgs condensate:

Ly = =Y iQridpdr; — YiQricdp* urj + h.c.

« Kobayashi + Maskawa: cannot simultaneously align up- and down-type quarks,
CKM matrix: 3 real parameters + 1 CP-violating phase

m =
Vud vus Vub

VCKM — V%VdLT — Vcd Vcs Vcb ~
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B factories BABAR (US) and Belle (Japan):
To: PEPI/BaBar

» Discovery of CP violation in B mesons and KEKB/Balle

» Exploring and constraining the quark flavor

structure of the Standard Model Jr 4 1
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Introduction to Flavor Physics

» The Standard Model of particle physics is very successful, but has many open problems.

Standard Model Unknowns
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« LHC performs direct searches at the highest energies, no evidence for new effects yet.
» Present (future) collider energies are limited to ~14 (100) TeV at the LHC (FCC).

» Flavor physics searches indirectly by quantum-loop effects. This can probe higher
mass scales and different production mechanisms than the direct searches.

Flavor physics is complementary and important in both cases:
1) Nothing beyond the Standard Model is found at the LHC
2) A new effect is found, and its source and consequences need to be studied




CP Violation

« CP violation is of fundamental importance and related to basic properties of the SM:

Number of fermion families, quark flavor structure, and mass hierarchy

« CP violation enables unambiguous assignment of matter and antimatter.

F(Kg — T etv,)— I“(Kg — e V,)

I(KY - ne*ve) + D(KY — nteve)

=(+2.24£0.36 (stat. +syst.))x 1073
Steinberger et al., PRL 19, 993 (1967)

« CPT theorem: all local Lorentz invariant QFTs respect combination of C, P and T.

— CP violation implies the violation of time-reversal T,
establishing an “arrow of time” on the microscopic level.

« B factories can test CP, T and CPT by exploiting Rl
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CP Violation in the Cosmological Context
The Big Bang created equal amounts of matter and antimatter, but today we see a

matter dominated universe. T EBE
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Conditions for baryogenesis by Sakharov (1967):
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1. Baryon number violation
2. Departure from thermal equilibrium
3. C and CP violation

be a big Jf
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CP violation in the SM generated by the
Kobayashi-Maskawa mechanism is insufficient to
generate the observed matter-antimatter asymmetry.

— Important motivation to search for additional sources of CP violation.
(Key field of research in flavor physics experiments)



Flavor Physics as Sensitive Probe for New Physics

The time evolution and decay of b hadrons are governed by quantum-loop effects:
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New physics can enter the loops at same order as the SM processes:
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— B decays provide sensitive probes for new physics effects beyond the SM.




Examples for Indirect Approach

Flavor physics enables to probe for new physics on high mass scales through indirect
effects — in history such indirect approaches led to important discoveries:
1970 GIM mechanism predicts the charm quark to explain —L W, -
the absence of K — uTu~ (suppression of FCNCs) K O*M

s H

1973 Kobayashi & Maskawa can explain CP violation, if three families
of quarks exist (only up, down & strange quarks were experimentally known)
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PLB 192, 245 (1987)

~2000 LEP+SLD precisely predict the Higgs mass
through electroweak corrections
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Phys. Rept. 427, 257 (2006)




Current Status of Flavor Physics

» BABARand Belle greatly advanced our understanding of the quark flavor sector:
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« The CKM picture agrees well in many independent
measurements

«
o

« Still, a 10-20% new physics amplitude in By mixing
would be perfectly in agreement with current data

* Acouple of anomalies (~2.5-40) exist in flavor physics:

New Physics Phase
Oy

_ I(B=>K*puTup) oo o
RK - F(B_>K*6+€_) (LHCb) .IJ.D 0.1 0.2 hd 0.3 04 0.5
Ratio of New Physics to SM amplitudes

B — K*pu* ™ (LHCh)

B — D&y (BABAR, Belle, LHCh) — High-luminosity flavor _experiments (LHCb+Belle 11)
could pin down potential effects beyond the SM




The BABAR and Belle experiments,
and the idea of combined measurements

(The presented work has been carried out in the group
of David Hitlin and Frank Porter at Caltech.)
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Combined BABAR +Belle Measurements

* In my last years at Caltech, my attempt was to do early Belle lI-like measurements with
the existing BABAR and Belle data.
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« Combined BABAR+Belle analyses allow to use about 1.1 ab™! or =1240x10° BB pairs.

This corresponds to Belle 1l in 2019/2020 — BABAR+Belle = “small Super B Factory”




Overview of Combined BABAR+Belle Measurements

1. BY — Dg}.ho with two-body D meson decays to CP eigenstates:

o Time-dependent CP violation measurement of sin(2.3)
o Theoretically clean mode, could provide new sin(2) SM reference

Result: - First observation of CP violation in this mode
- Published in PRL [PRL 115, 121604 (2015)]

2. B® — D™n0 with the three-body D meson D — K Jn*w~decay:

o Time-dependent Dalitz plot analysis to measure cos(253)

o Make full use of the joint approach by applying common assumptions
and the same model simultaneously to the BABAR and Belle data sets

Result: - Most precise measurement of cos(23)
- First evidence for cos(23) > 0
- Exclusion of multifold solutions of the Unitarity Triangle

- Joint PRL and PRD publications have been submitted
[arXiv:1804.06152, arXiv:1804.06153]



1. Combined BaBar +Belle analysis:

Measurement of sin(23) by a time-dependent
CP violation analysis of B® — D{.Lh°decays



The Angles of the CKM Unitarity Triangle

« The Unitarity Triangle arises from V.4V, + VeaViy + VgV, = 0.
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Determination of the angles <—=- Measurements of CP asymmetries
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Time-Dependent CP Violation

* Interference between mixing and decay in
neutral B meson decays to a CP eigenstate

. Time-dependent CP asymmetry: “Young's double slit experiment”
~ (BO(t) = fep) =T (B (t) = fep) . .
Acp (t) = T (B9 (t) = for) + T (B (t) = fop) ism(Amt) — C\LCOS (Amt)

Mixing-induced CPV || Direct CPV

« Example B — J/¥K2 (benchmark forsin(24) ):

BN T “ ! K
d - i K° g L, ¢ J )

I F
Via Vie

— Mixing vertices V4 introduce phase — S = —n;,. sin(28) and C = 0

The mixing-induced and direct CP violation can be precisely
determined from the flavor-tagged time evolution of the B decay




Principle of Time-dependent Measurements at BABAR and Belle

Threshold BB production on the T (4S):
Z.tag Z.rec
Coherent ; Reconstruction side
BYBY mixingi 5 >4

§ Tagging side

Az = BycAt, (|Az|) =~ 200um Belle

: : o Effective tagging efficiency >30%
Proper time interval distribution follows: gging y 0

At

e 8% [1 4 q(Ssin(AmAt) — C cos(AmAt))]

P(At,q) =

4TBD

Experimental effects due to finite vertex resolution and imperfect tagging are important.



1. Combined BABAR+Belle Analysis: sin(2B) from B® — DL h°

b c D(*)O
U
B® - DJRO with b0 € {x°, 7, w} decays BY _
are mediated only by tree-level amplitudes. p Z R

CKM-favored
Theoretically clean [NPB 659, 321 (2003)]:

— Enables to test the precision measurements of b — ccs.
— Can provide a clean SM reference for sin(23) for BSM searches inb — s penguins.

Experimental difficulties: - Low B and Dcp branching fractions [O(10~4)and O(<102)]
- Low reconstruction efficiencies

- Significant background

Previous measurements by BABAR and Belle and could not establish CPV inB? — D®)}¢

Perform time-dependent CP violation measurement combining BABAR+Belle data




1. Combined BABAR+Belle Analysis: sin(2B) from B® — DL h°

Perform measurement by maximizing the combined log-likelihood function:
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1. Combined BABAR+Belle Analysis: sin(2B) from B® — DL h°
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Beacons of Discovery

Raw CP Asymmetry

CP violation in certain two-body decays of z

the B meson At (ps)

The two-body B decay to a neutral D meson Evidence of CP violation obtained by combining data from 471 million B meson pair
and a light neutral meson (10, n or @) is events recorded by BaBar with 772 millon events from Belle. The horizontal axis s the

KEK press release

Quantum Diaries

 First observation of CP-violation in BY — Dg‘llho (5.40).

— This decay can provide new sin(23) SM reference at Belle Il and could be used
to search for new physics in b—s quantum-loop transitions.
» First measurement performed using more than 1 inverse attobarn of data.



2. Combined BaBar+Belle analysis:

Measurement of cos(2) by a time-dependent
Dalitz plot analysis of B® - D®nhowithD — K377~



Ambiguity of the Unitarity Triangle Angle

« The determination of the angle 3 of the Unitarity Triangle from sin(2[3)
measurements, for example, using B” — J/¢K2, leads to a trigonometric ambiguity:

B=21.9° or B=(m/2-21.9°)=68.1°
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Possible solutions on 3 from sin(23)

— The ambiguity can be resolved by measuring also cos(2p) in addition to sin(2p).

cos(2B) is not well measured. The uncertainties of previous measurements are large,
and some results are outside of the physical parameter space.

* The previous best single experimental uncertainty is =+0.36. [PRD 94 (2016) 052004]



2. Combined BABAR+Belle Analysis: cos(2B) from B® — D®h°

B — D®hO with D — K377 ~decays enable to extract both sin(2B) and cos(2B).

The approach is similar to the GGSZ method to extract y from multi-body B¥ — DK+

Interference between D%and DY, and the strong phase variations over the Dalitz plot
provide access to the CP-violating weak phase 2[3.

llustration of the B meson decay rate as function of the D° — K2= =~ Dalitz plot:
\ N ?
[Mpo (AP =|| | x cos (AmAt/2) —iet?P x x sin (AmAt/2)

\ \
[Mpo (At)[* = x cos (AmAL/2) —ie > x \ x sin (AmAt/2)

S —

If the D° — K2x "7~ Dalitz plot amplitude model is known, then both sin(23) and

cos(2p) can be extracted from the time evolution of the B decay.
[A. Bondar, P. Krokovny, T. Gershon PLB 624 1 (2005)]

— Perform time-dependent Dalitz analysis combining BABAR +Belle data
to improve the sensitivity on cos(2p).




2. Combined BABAR+Belle Analysis: cos(2B) from B® — D®h°

The time-dependent Dalitz plot analysis of cos(2p) is performed in two separate steps:

1. Perform a full Dalitz plot amplitude analysis of DY — Kir+7~ decays
using a high-statistics flavor-tagged e¢*e™ — ¢c data sample to establish

the D° — K&x+7~ decay amplitude model directly from data.

2. Apply the D° — K77~ decay amplitude model, and perform the combined
BABAR+Belle time-dependent Dalitz plot measurement to extract cos(2B) from
B? — DMK decays.



Establishing the D° — K2»*#~ Dalitz Plot Model

« The DY — Kir 7~ Dalitz model is directly obtained from flavor-tagged ete~ — cc data.
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« The Dalitz plot amplitude parameters are estimated by a fit to the above distributions.
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Establishing the D°
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7~ Dalitz Plot Model

The Dalitz plot model accounts for 14
intermediate two-body resonances.

The K-matrix and LASS parameterizations
are used to model the T and K1 S-waves.
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To perform the Dalitz plot fit, the development of
a new parallelized framework was required.
(40x speed up, if run on 64 CPU cores)

The framework could have a wide range of
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applications at Belle II.



Establishing the D° — K2»*t=~ Dalitz Plot Model
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« The D’ — Knt7~decay amplitude model extracted from e¢Te~ — c¢ data is used to
extract sin(2B) and cos(2pB) from the B® decay combining BABAR+Belle data.



2. Combined BABAR+Belle Analysis: cos(2B) from B® — D®h°
« Reconstruct B® — D®h% with h°in 7° = vy, n = vy, 777 7% and w — 7 t7— ="

D — K77~ and D*° — Dn°.
 Intotal, 5 BY decay modes are reconstructed.

 ete” — qq (q € {u,d,s,c}) continuum background is identified by neural networks.

- Extract signal by 3D fit of beam-constr. mass M, _, energy-difference AE and NN;ut.
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BABAR: 1129 + 48 signal events
Belle: 1567 4 56 signal events




2. Combined BABAR+Belle Analysis: cos(2B) from B® — D®*/h°
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sin(23) = 0.80 £ 0.14 (stat.) £ 0.06 (syst.) £ 0.03 (model)
cos(283) = 0.91 £ 0.22 (stat.) & 0.09 (syst.) 4+ 0.07 (model)

B = (22.5+ 4.4 (stat.) & 1.2 (syst.) = 0.6 (model))°




2. Combined BABAR+Belle Analy5|s cos(2B) from B? — D*)h°
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- Single most precise measurement of cos(2/3)

First evidence for cos(23) > 0 (3.70)

Direct exclusion of the 2"d solution
w/2— 3 =(68.11+0.7)°
of the CKM Unitarity Triangle (7.30)
— Reduction of the trigonometric ambiguity
of the CKM Unitarity Triangle
Exclusion of 3 = 0° (5.10)

— Observation of CP violation
in B — D™h° decays

Joint PRL (arXiv:1804.06152) and
PRD (arXiv:1804.06153) papers have been
submitted.



2. Combined BABAR+Belle Analysis: cos(2B) from B® — D®h°

First evidence for cos23 > 0 and resolution of the CKM Unitarity Triangle
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Submitted to PRL
Papers for a simultaneous double [arXiv:1804.06152]

publication in PRL and PRD:

Measurement of cos 23 in B® — D®h? with D — Kr "~ decays by a combined
time-dependent Dalitz plot analysis of BABAR and Belle data
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BABAR and Belle join forces on CP Violation

Kenkichi Miyabayashi,! Frank C. Porter,? and Markus Réhrken®
. . ! Nara Women’s University, Nara 630-8506, Japan
An article for the CERN Courier has

2 California Institute of Technology, Pasadena, California 91125, USA
3 Buropean Organization for Nuclear Research (CERN), Geneva, Switzerland

b e e n S u b m Itt e d O n e W e e k a g O . 'gljaje 531[;45) Z.nd Belle experiments have combined their data to resolve a long-standing ambiguity
(to appear in November):

Introduction Y(48) resonance in eTe” annihilations. To give them

a boost so that their decay times can be measured, the
Understanding nature’s fundamental laws has often T(4S) is produced with motion in the laboratory. This
meant understanding its symmetries, that is, ways that 15 accomplished by arranging the accelerator with two




Ongoing work at LHCb

(Current work as CERN Research Fellow in the LHCb team of Andreas Schopper.)
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Search for New Physics in Quantum-Loops

 LHCDb enables unprecedented sensitivity to rare heavy flavor decays mediated by pure
guantum-loop transitions.

- Currently, I'm working on a time-dependent Dalitz plot analysis of BY — ¢7 "7~ decays.

- BY - ¢~ allows access to various intermediates mediated by b — s penguins.

C | T T T T | T T T T | ]
100 - rach PRD| 95 012006 (2017)]

. — Sum ] W B

[ols]
o
I

i ssssss p t
[ £,(980)

L - £,(1270)
£,(1500)

By

(0]

o)
o

I~
o
T

5 _
£2(980)

5 5

BY — ¢£,(980) BY — ¢p’

T Gluonic penguin Electroweak penguin

m(rt* ) [MeV/c?]
Previous analysis (Runl)

i, d

Candidates/ (40.0 MeV/c?)

o
ja=
T T T T

=
T T
i

» Prospects: - Precise amplitude analysis
- First time-dependent measurement of B, . of various pure quantum-loops

- First observation of BY — ¢p° (very rare electroweak penguin decay)



LHCb Upgrade |

R&D for the ECAL Upgrade Ib/ll

The HL upgrade of the LHC will require operation s 20t yo24 2030

of the ECAL of LHCDb in extreme conditions. . o

Install LHCh Install HL-LHC and Install LHCb
Upgrade | ATLAS & CMS Upgrade Il

An upgrade of the ECAL during LS3 can (ideally) provide: e
- Fast timing (inclusion of silicon planes, fast scintillating crystals, ...)
- Better spatial resolution (smaller Moliere radius and cells, silicon, ...)
- High radiation hardness

Opportunity to improve on ECAL-related physics:
- Final states with 10, soft and hard y, and electrons

I’'m working on the Geant4-based simulations to study
possible upgrade options:

1. “Shashlik’-type sampling calorimeter

2. Single large scintillating crystals

3. “SpaCal’-type sampling calorimeter
(fibers of scintillating crystals in absorber)

I’'m participating in the R&D of modules (first beam test of a new SpaCal in October).



Prospects at Belle |l

9/17/2018 Markus Rdhrken Flavor physics and CP violation



The Belle Il Experiment
SuperKEKB: 8x103°cm s (40x KEKB)

Belle 11-Design: 50 ab-* (100x BABAR)

Sensitive to many potential Belle Il
new physics sources: :

o Flavor changing neutral currents:
New flavor couplings and heavy
particles

o Precision CKM measurements:
New sources of CP violation

o Right-handed currents in
radiative penguins

Wt N ot
‘% &
= g oy = |

/ i ) %7 -
KEK In TSUKUbﬁ ~Japan: Firsteollisions: April 26,2018

o Charged Higgs in tau-onic
B decays

« Clean e*e environment
« Many different unique reconstruction and tagging techniques
« Capable to perform precision measurements in final states with one or more neutrinos



Time-Dependent CP Violation

9/17/2018 Markus Rdhrken Flavor physics and CP violation



New Physics Searches in the CP Violation of b—s Penguins

« Belle Il enables for precise CP violation measurements of b—s penguin transitions.

W "
b > g > 8
b, uct .S b \X\ / 'S
g g
S - - S S . P S
Gluonic SM penguin Example of a SUSY loop

Examples are of penguin-dominated decays are:

BY - ¢K® B - KOK2KY and B® — /K"

Time evolution of b — sss & co. is effectively governed by the weak phase 3.

Probes for yet unobserved heavy particles and new CP-violating phases in the loops.

New physics contributions would change the time evolution.



New Physics Searches in the CP Violation of b—s Penguins

* New physics effects can be probed by comparing the time-dependent CP violation of
b—s penguins to the SM reference.

« Important are precise SM reference measurements, such as provided by B — D(c’,“};,ho.
— Probes independently of models or assumptions for beyond the SM physics.
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) (26 (2917) cp CP[Moriond 2014
Cop =-Agp

A
fo) A
PRELIMINARY July 2006 a2 KEXB (5020 )
T

gelle ( quper

!
04 - 5 New Physics
( SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ...)
: 2
02 c
.g
0 b—ces g 883
oK’ a 0.07
VK’ < 006
: K KK ggj
02 Pk,
; o 0.03
P K
04 L P50 oKy 0.02
| e
| K'K K’ arXiv:1002.5012
1 L 1 L 1 11 001 L e e e LS P LS BT S Y | Ay ....|2
-0 0.2 0.4 0.6 0.8 10 1 10 10
sin(2p°") = sin(2¢5" o 3
Contours give -2A(ln L) = Ay =1, corresponding to 60.7% (gL Er 2 3uf ( ¢1 ) Integ rated |Um|n051ty (ab 1)
Status after end of BaBar and Belle Expected sensitivity at Belle |l

Belle Il will measure the CP violation of penguin transitions at a single percent
precision enabling to probe for new effects on the TeV scale and above.




New Physics Searches in Radiative Penguins

 Radiative penguins b — syand b — d-y provide W=
unique probes to the photon polarization:

b s,d

t
« W’s couple only to left-handed quarks, chirality flip suppressed: b — 7L + Z—Z’m
— Photon is dominantly left-handed (right-handed) in b (b) decays.

* New physics effects can give rise to a right-handed photon polarization:

tr SR

JHEP 12, 102 (2013)

arXiv:0705.4458
New heavy particles and flavor couplings Models restoring the Left—Right symmetry

(SUSY, extended Higgs sector, ...) and right-handed interactions (W Vi )



New Physics Searches in Radiative Penguins

* Currently in b — sy andb — dy most precise are time-integrated observables (direct CP
asymmetries, branching fractions), where new effects are predicted small of O(< 10%).

* In time-dependent analyses, enhanced effects and more sensitivity to new physics
models are possible:

B— fopy B — B fopy Interference only, if final states share
same photon helicity.
Aop (0) = & (B” (t) = fepy) =T (B (t) — fep) S$N o, ~0.04
v T (BY (t) = fapy) + T (BO (t) — fepy)

SNPLR o 0.7sin(2
= 4sin (2¢))sin (28 — ¢, — ¢r) sin (Amt) Kgmoy (28)

D. Atwood, M. Gronau, A. Soni PRL 79, 185 (1997)

— The time-dependent CP violation enables to measure directly the photon polarization.

Belle 2
Observable Belle and LHCb (present) 5ab” ' 50ab”!
Radiative penguins B(B — X¢v) [1074] 3.45 (1 +12%) ™% 6%
Acp(B = Xy q7) [1072] 224404038 1 0.5
S(B — K&n"y) —0.10 £ 0.31 £ 0.07 0.11 0.035
S(B — py) —0.83 £0.65 £ 0.18 0.23 0.07

Belle Il will significantly reduce the uncertainties, especially the sensitivity to the
photon polarization will provide a new unique probe to new physics effects.




Hadronic Tagging
New Physics Searches in Decay Modes
with Neutrinos in the Final State



Full Reconstruction and Hadronic Tagging

« The known initial state from e*e- collisions enables to measure B decays with one or
several neutrinos in the final state.

])]}\1. / t1 ‘.-._;.- VT
tag side signal side (&
t, .
T(ils) Ve

Example of a missing momentum event Reconstruction of a missing momentum event
by full reconstruction of the second B meson

« Examples of decays sensitive to new physics signatures accessible by hadronic tag:
B — D™y B — vv
B — K%y B — invisible
B — Tv Many more, e.g. semi-leptonic charmless modes



Example for Hadronic Tagging: B — D™ rv

- B = D™ rvis a tree-level mediated decay.

 Originally proposed to test models

predicting a heavy charged Higgs boson.

* Observable:
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Example for Hadronic Tagging: B — D™ rv

» Belle Il is expected to resolve the current tension with 5 ab-t. (Though LHCb has
several new results in the pipeline.)

« Belle Il opens window to completely new observables:

0.2 PRD 87, 034028 (2013),

o Tau polarization probes nature of the interaction. 00|  SM+Tensorl

a -02 SM+Tensorz

o Sensitive to deviations from weak V-A
structure, e.g. caused by the scalar Higgs.

—0.4 _
_o.6] SM+Vector2 7 SM+Vectorl

Tau Polarization
P.(D")

SM
00 01 02 03 04 05
R(D")

o BY — 7~ 7T, provides complementary probe:

T
/< BO .
‘ Ve Rim)su = S8 2T T V) 61 17)

/ W+£H+ B(BY — n=lty)

« o« u
B il
d — > . Decay is yet unobserved, only possible at Belle II.

o]




Hadronic Tagging Example:B — K™ v

* LHCb sees 2.90 deviation in B — K*u ™~ , Belle 1l can test this in more final states

b

« Complementary: B — K®)pu

« Pure loop mediated decay

W
t,c,u
t,c,u

2 JS

-

Electroweak boxes Z penguin

» Reconstruct B meson from one track and two neutrinos — requires tagging

i Theor
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Clean new physics probe for a variety of models , ] N 0 022 o0
%0 05¢—> 1 15 2 25 ;;

(SUSY, right-handed currents, ...)
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Method Developments

9/17/2018 Markus Rdhrken Flavor physics and CP violation



Framework for Dalitz Plot Amplitude Analyses

« Multi-body heavy flavor decays are governed by complex interference effects which
probe the dynamics of the underlying strong and weak interactions.

« Dalitz-plot amplitude analyses played a key role in many discovery since the 50s:
* Solving the 7 — # puzzle [R.H. Dalitz, Phys. Rev. 94, 1046 (1954)]

» Discovery and characterization of tetra- and penta-quarks (Belle, BESIII, LHCD)

L B L DL
L PRL 100, 142001 (2008) ]
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L e
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M2((28) 7).«
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;ﬂqﬁ t Z++(4430)
W koatoes) | Al i (minimal qlfa[k
MKty T e o content: ceud )

The framework developed for the BABAR+Belle analyses is flexible and can be applied to:
* Probing for CP violation in multibody D, B and B, decays.

» Spectroscopy to determine properties of hadronic exotica including tetra-quarks.

* New physics searches by time-dependent Dalitz plot analyses.

The implemented multi-CPU parallelization allows the analysis of very large data sets.



Machine Learning Opportunities at Belle Il

« Machine learning techniques such as neural networks enable to exploit complex

non-linear correlations between input variables.

— Powerful tool for pattern recognition and classification problems in particle physics.

« Example from Belle:

The new neural network approach

effectively doubled the statistics in
hadronic tagging analyses such as

suchas B — rvandB — D™ ru.
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Many machine learning opportunities at Belle II, for example:

o New flavor-tagging algorithms for time-dependent CP violation measurements.

o Generic charm suppressor for charmless B decays.



Summary

« Two combined BABAR+Belle measurements using 1.1 ab-! have been presented.

The BABAR+Belle approach was as a small attempt to peek into the attobarn regime.

The near future is very exciting due to order(s) of magnitudes of more data:

o The end of Run 2 of the LHC is close, and the upgrades of the experiments
progress to collect more data after LS2.

o SuperKEKB+Belle Il started full operation and recently produced first collisions in
order to collect 50 ab* until the mid of the 2020s.

Belle Il will play an important and complementary role to the LHC in searching and
and studying new physical phenomena beyond the Standard Model.

The Belle Il physics program is very rich and has only been roughly sketched in this
talk.



