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Abstract. A summary of the experimental results obtained in the Belle experiment and future prospects of

heavy flavor physics at the super B factory is presented.

1 Introduction

The Standard Model (SM) is one of the best experimen-
tally verified physics theories. Since its establishment the
SM managed to overcome all experimental tests and pro-
vide a good description for all processes in a wide energy
range up to the scale probed in energy frontier experiments
at LHC. The observation of the Higgs boson [1], the last
fundamental particle of the SM that escaped the detection
for decades, marked a triumph of the Standard Model.

Despite the great success in describing the matter and
forces of nature, the SM is obviously not a complete the-
ory. It fails to resolve some intrinsic problems, including
the instability of the fundamental scale of weak interac-
tions against radiative corrections, and leaves unanswered
many fundamental questions, such as origin of gauge
groups with independent coupling constants, fermion mass
and mixing hierarchy etc. This suggests that the SM is
only an effective theory valid up to a certain accuracy of
tests or up to some energy scale. It is widely believed that
the physics beyond the SM can be observed in precision or
energy frontier experiments in the near future.

The quark sector of the SM is particularly rich in the
SM puzzles and the largest contributor in terms of num-
ber of free parameters of the model. This sector poten-
tially can reveal New Physics (NP) effects, and the mea-
suring of the quark mixing parameters provides a major
test of this sector of the SM, in particular of the Cabibbo-
Kobayashi-Maskawa (CKM) description of flavor chang-
ing currents [2] and CP violation.

Although CKM mixing does provide an only source
for CP violation — one of the Sakharov’s conditions for
the evolution of a matter-dominated universe [3], the mag-
nitude of the matter-antimatter asymmetry cannot be ex-
plained solely by the CKM mechanism. This may indi-
cate that some hidden mechanism exists at a higher en-
ergy scale. Flavor physics is a promising tool for NP
searches through quantum loop effects. Rare decays, neu-
tral meson-antimeson mixing and CP violation are poten-
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tially subject to NP virtual corrections even if the NP scale
is above those accessible at today experiments.

The major information about the CKM matrix can be
obtained in the study of B mesons, thus providing the
stringent test of the SM in the quark sector. This was
the main motivation for construction of two B factory ex-
periments, Belle and BaBar. In the previous decade both
experiments have performed many precise and indepen-
dent measurements of the CKM parameters. The under-
lying idea is to check the overall consistency of the CKM
framework; any significant discrepancy between various
measurements could be interpreted as potential NP effects.
These experiments have confirmed the complex phase of
the CKM matrix as the main source of CP violation with
high precision. Future experiments at the Super Flavor
Factories, such as the Belle II experiment at SuperKEKB,
are scheduled to address the open questions and perform
even more precise tests.

2 Belle experiment

The Belle detector [4], located at the collision point of the
e*e” asymmetric-energy collider KEKB, is a large-solid-
angle magnetic spectrometer. Belle was designed and op-
timized for the observation of CP violation in the B meson
system. Its large coverage, precise vertex and momentum
measurement for charged tracks, good particle identifica-
tion, and few-percent precision electromagnetic calorime-
try as well as effective muon and K 1? detection allow for
many other searches apart from the study of CP violation
in B decays. Plenty of outstanding results are attributable
both to the good detector operation and to the excellent
performance of the KEKB collider. A world-record lu-
minosity of 2.1 x 10**cm™2s~!, more than twice the de-
sign luminosity, was achieved for the KEKB accelerator.
Before stopping the operation in 2010 to give way to the
upgrade, the Belle experiment collected more than 1 ab™!
of data over various bottomonium resonances. The Belle
data sample is the world largest for the Y(2S), T(4S) and
T(58) resonances.
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The results presented here are mostly based on the
analysis of the full T(4S) data sample, corresponding to
772 x 10° BB pairs, collected with the Belle detector.

3 Unitarity Triangle measurements at Belle

The unitary relations of the CKM matrix can be repre-
sented as Unitarity Triangles (UT) in the complex plane.
One of these triangles, that visualizes the unitarity relation
between the first and third columns of the CKM matrix,

ViV + VeaViy + ViV = 0, (1)

is the most important for CP violation studies in B, de-
cays (see Fig. 1). Many of the important results described
below can be depicted as constraints in this UT, including
measurements of its angles and lengths of its sides.

(P, M)

Figure 1. Unitarity triangle.

The measurement of two angles (¢; and ¢,) is based
on the extracting the amplitudes of the indirect (arising
due to interference between decays with and without mix-
ing) CP violation asymmetry in particular decay modes.
Such measurements require to determine the difference of
lifetimes of two B mesons, coherently produced in T'(4S)
decays. In energy-asymmetric e*e™ collisions at KEKB,
the Y(4S) is produced with a Lorentz boost of Sy = 0.425
along the beam axis. Since B mesons are approximately at
rest with respect to the Y(4S), we can measure Af by mea-
suring the displacement between the two B meson decay
vertices in the z direction.

3.1 sin(2¢;) from B® - (c¢c)K*

The most precise determination of the angle ¢; (also
known as f8) is provided by the measurement of the
mixing-induced CP violation in B® — (c&)K ° decays:

N(B° = (c&)K®) — N(B° - (¢&)K")

N(B? = (¢t)K%) + N(B® — (ct)K?)
= sin 2¢, sin (AmyAt) + A cos (AmgAt) . 2)

Acp(Ar) =

These decays, often referred to as “golden modes”, are
dominated by the Cabibbo-favored tree diagram b — ccs
with an internal W boson emission. The leading penguin
contribution to these final states has the same weak phase
within a few per cent accuracy. This makes the second

term in Eq. 2 vanishing to a very good approximation. Be-
sides theoretical clarity, these channels also offer experi-
mental advantages because of the relatively large branch-
ing fractions (~ 107%) and the presence of narrow reso-
nances in the final state, which provides a powerful sup-
pression of combinatorial background.

Belle has presented the final result on sin(2¢;) using
the full T(4S) data set [5]. In addition to more data, sig-
nificant enhancement in the reconstruction efficiency with
the improved track reconstruction algorithm allows one to
get the record statistical accuracy of the result. Moreover,
special efforts were made to reduce the systematics errors
of the measurement. The CP eigenstates considered in
the analysis are J/yKQ, y(2S)K{, x1KJ (CP=0dd), and
J/YK LO (CP=even). Figure 2 demonstrates the achieved
signal purity. For the selected candidate events the neu-
tral B flavor (¢ = +1) is identified from the decay products
of the accompanying B meson based on the information on
the charge of daughter leptons, kaons, baryons, and pions.
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Figure 2. a) M,, distribution for B — J/yK, SO (black), y(2S )KS0
(blue), and y . K. SO (magenta); the superimposed red curve shows
the fit result for all modes combined. b) The p}, distribution for
B® — J/yK) candidates with the results of the fit (open his-
togram), and different background sources.

Figure 3 shows the Ar distributions and time-
dependent asymmetries for good flavor tag quality events
for both CP odd and CP even final states. The sign of the
asymmetry for the opposite CP eigenvalues is flipped, as
expected. The observed asymmetry picture is consistent
with the absence of the direct CP violation.

The measured CP violation parameters from the Eq. 2
are sin(2¢) = 0.667 + 0.023 (stat) + 0.012 (syst) and A =
0.006+0.016 (stat) +0.012 (syst). This represents the most
precise determination of mixing-induced CP violation in a
B meson decay, and hence provides a solid reference point
for the SM that can be used to search for evidence of NP.

3.2 Measurement of the angle ¢,

This angle can be determined by measuring a time-
dependent CP asymmetry in charmless b — uiid decays
such as B® — n*n~. The weak decay phase of b — u tran-
sition (Fig. 4, left) is related to V,,;, element, thus the time
dependent CP asymmetry in pure b — u modes is equal to
sin 2¢,. However, an additional penguin amplitude (Fig. 4,
right) contributes with a phase that is different from the
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symmetry
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Figure 3. The background-subtracted At distribution (top) for
g = +1 (red) and ¢ = —1 (blue) B® — (c&)K° events and asym-
metry (bottom) for good tag quality events for all C P-odd modes
combined (left) and the C P-even mode (right).

tree diagram (V4 instead of V,,;,). This causes a deviation
of the amplitude of indirect CP asymmetry from sin 2¢,
and a non-zero direct CP asymmetry. The angle ¢, can
be extracted following the idea of M. Gronau and D. Lon-
don [6] using the isospin relation among branching frac-
tions and C P asymmetries of B® 5 ntn~, BY - 7%7°, and
B* — nn° decays. The method allows to constrain the
contribution from the penguin amplitude generally with an
eight-fold ambiguity.

Figure 4. Feynman diagrams for B — n*n~ decays.

This decay B® — stz has the simplest two-body
topology and was the first with well established CP asym-
metry [7]. However, the large observed direct CP vio-
lation, and large branching fraction for B® — n*zn~ [8]
suggest that the penguin contribution to this final state
is large, thus complicating the extraction of ¢,. Using
the full data set Belle measured the CP asymmetry in
BY — n*n~ quite precisely [9]: A = +0.33 + 0.06 + 0.03
and § = —0.64 + 0.08 + 0.03 (the world’s most precise
measurement of time-dependent CP violation parameters
in B — 7*77!). Figure 5 shows the observed At distribu-
tions for the B — n*7~ events tagged as B® and B, and
observed asymmetry. However, because of trigonometri-
cal ambiguities in extraction of ¢, (see Fig. 6), Belle only
managed to exclude the region 23.8° < ¢, < 66.8° at 68%
CL from this modes.
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Figure 5. Background subtracted time-dependent fit results for
B® — n*7~. Top: the At distribution for B® (red) and B (blue)
tags. Bottom: asymmetry for good tag quality events.
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Figure 6. Difference 1 — CL for a range of ¢, from Belle’s B —
7w analysis.

We are lucky to get quite high sensitivity on ¢, from
the B — pp decays, where the penguin contribution turns
out to be small. This final state is much more difficult for
a experimental study because of two wide vector mesons
in the final state. As the CP eigenvalue for B — p*p~
is (=Df (L = 0, 1, 2), it is necessary to separate the
two opposite CP components through an angular analysis.
The later demonstrates that a CP-even component domi-
nates, and the opposite component can be safely ignored.
The constraint on this angle from the last Belle B — pp
study [10] with the full data set is ¢, = (84.9 = 12.9)°.

Determination of ¢, is also possible using the decays
B® — p*n¥, in spite of the final states are not CP eigen-
states. To measure ¢, from B — pr it is required to mea-
sure four isospin amplitudes leading to 12 unknowns in the
isospin pentagon. The problem is simplified and (what is
even more important) the ambiguity introduced by geome-
try of isospin triangles is removed with the time-dependent
Dalitz plot analysis of the 7*7 7" final state, which in-
cludes all the B — (pn)° decays [13]. Belle performed
such a study using the statistics of 449 x 10 BB events and
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derived the constraint 68° < ¢, < 95° at 68% CL for the
solution consistent with the SM [11].

The current world average of ¢, [12] including mea-
surements of these three modes from Belle and BaBar,
(85.4%39)°, is quite precise. However, for B — prr modes
Belle has not still published the final result with the full
data set, and it is important to have these updated results
soon.

3.3 Measurement of the angle ¢3

The UT angle ¢; relies on the measurement of direct CP
violation in B* — DK™ decays caused by interference
between the two contributing amplitudes with different
CKM phases (Fig. 7), if both D° and D° mesons decay to a
common final state. The method is theoretically clean due
to the absence of loop contributions, however, the color
suppressed amplitude (Fig. 7, right) is almost an order of
magnitude smaller, hence resulting in a small CP asymme-
try, which complicates the extracting of ¢3. There are ba-
sically three methods to measure: The GLW method [14]
uses the D decays in CP-even and CP-odd final states
like K*K~ or Ksono . The ADS method [15] is based on
doubly-Cabibbo suppressed decays like D? — K*7~; The
GGSZ method [16] is based on a Dalitz plot analysis of the
three-body decays of D decays such as D° — K{n*n™.
The last method provides the highest statistical power for
measuring ¢3.

K .
W s u _ c Do
b b s a B w &
Y o Wi §
u u u u

Figure 7. Feynman diagrams for B* — D°K* decays.

In the GGSZ method the amplitude for B* —
DO(KSOnJrn’)K * decay as a function of Dalitz plot vari-

2_ 2 2_ 2 g
ables m; = My and m= = Mo, 1 given by
2 2 igh3 +iS 2 2

f5 = fo(mi,m?) + rge'™™ fn(m2,m?), 3)

where fp(m?2,m?) is the amplitude of the D — Kson”n‘
decay, rp is a ratio of two amplitudes, and ¢ is a strong
phase difference. Similarly, the amplitude for B~ —
DO(KSOnJrn’)K’ decay is

fi = fom?,m2) + rge % fy(m2, m?). 4)

Once fp is fixed, a simultaneous fit to B* and B~ data
allows to extract ¢s, rg and ¢ separately.

The D° — KS07r+7r‘ decay amplitude can be deter-
mined from a large sample of flavor-tagged D** — D%x*
decays produced in continuum e*e” annihilation. How-
ever, with this approach the description of fp is based
on a model, that includes interfering resonances in K S07r+,
KSOn‘ and 7t~ systems as well as a nonresonant term.

Using the GGSZ method with a model-dependent descrip-
tion of fp, Belle’s earlier measurement [17] based on a
data sample of 605 fb~! integrated luminosity yielded ¢3 =
(78.4 f}?:g +3.6+8.9)° and rp = 0.160 fg:ggfg +0.011 fg:gfg,
where the last error comes from the Dalitz plot model un-
certainty.

While the statistical errors of the GGSZ method will
be reduced with an increased data sample, the accuracy
will be still limited by the model uncertainty. The new
approach was tested by Belle [18] to fight this seem-
ing irreducible bound of the method. Instead of using
a parametrized fp function, Belle substituted the Dalitz
plot distribution taken directly from the data obtained by
CLEO [19] from the decays of quantum-correlated D°D°
pairs produced in the ¥(3770). In contrast to the previ-
ous method, the model-independent approach has to uti-
lize a binned Dalitz plot. From the a combined fit Belle
obtained ¢3 = (77.3 f}j:; +4.1+43)° and rp = 0.145
0.030 +£ 0.010 = 0.011, where the last error is due to lim-
ited precision of CLEO data. The significance of direct CP
violation is 2.7 standard deviations. Compared to results
of the model-dependent method, the last measurement has
slightly poorer statistical precision mostly because of a
smaller rp in this analysis. However, the large model un-
certainty for the model-dependent study (8.9°) is replaced
by a purely statistical uncertainty due to the limited size of
the CLEO data sample (4.3°), which in future can be re-
duced with the BESIII or Super Charm-Tau factory data.
The model-independent approach therefore offers a per-
spective course for studies at Belle II.

Two other methods (GLW and ADS) were also used
in Belle analysis [20] and are useful for tighter constraints
on both ¢3 and the hadronic parameters for a more reliable
measurement. Belle results on ¢3 are in agreement with
those obtained by BaBar and LHCb. The world average
results on ¢ is (68.0 *§9)° [12].

3.4 UT summary

Belle performed plenty of analyses to constrain the sides
of the UT as well. These topics due to hugeness of the
related material is outside of the scope of this review. We
summarize the UT studies by illustrating the constraints
obtained mostly by two B factory experiments, Belle and
BaBar, with Fig. 8 produced by the CKMfitter collabora-
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Figure 8. Constraints on the UT as compiled by CKMfitter.
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tion [12]. Each colored band here corresponds to a dif-
ferent kind of process, and looking closely we can see
quite nice agreement between independent constraints. It
is worth mentioning that thanks to BaBar and Belle the
square of allowed area for the position of the UT upper
apex is squeezed by two orders of magnitudes compared
to the pre-B factory era.

4 (P violation in penguin dominated
modes

It is widely believed that B meson penguin decays can
serve as one of the most sensitive probes for NP due to
a possible non-SM contribution (e.g. from SUSY parti-
cles) in the loop diagram. In particular, manifestations of
the NP contribution in the penguin dominated modes can
be revealed as deviations of CP violation parameters from
the SM expectations. In b — sgq hadronic decays, the
SM weak phase is the same as in the B® — (c¢)K° transi-
tion. Therefore, the main task is to check whether the pen-
guin CP violation parameter sin 2(;)*1’ff is equal to sin2¢,
and the direct CP violation is absent (A = 0). However,
there are some SM corrections to these relations coming
from the Cabibbo-suppressed tree diagram, final state in-
teraction effects, etc. Theoretical calculations predict the
uncertainties are of the order of 1% for b — s5s, and up to
10% for other b — sgq modes.

Earlier Belle measurements of CP asymmetries in
B — ¢K?, using a 152x10° BB data sample [21], showed
an exciting 3.5 o deviation of sin 2¢<" from sin2¢;. The
measurements updated in three years with almost three
times higher statistics [22] showed already quite good (but
disappointing) agreement. The results of several recent
Belle studies are summarized in Table 1. These are consis-
tent with the CP violation in B® — (c&)K° decays at the
1 o level.

Table 1. Measurements of CP violation parameters, sin 2¢S"
and A, in B - 7'K°, ¢K°, and K{ KK modes with a
535 x 10° BB data sample.

mode sin 2¢¢" A

7K° 10.64=0.10£0.04 —0.0120.07=0.05
#KO +0.50+0.21£0.06  +0.07+0.15+0.05
KOKOK?  +0.30+0.32£0.08  —0.31+0.20+0.07

Including other » — s mediated B decays, the pre-
cision of sin 2(1)?ff is still statistically limited, typically
0.1 —0.2. Obtaining a 1% level sensitivity which provides
already a real probe for the NP requires a Super B factory
experiment.

5 Rare B decays

Prefacing this chapter it is worth to remind that precise
measurements of rare decays, i.e. processes suppressed in
the SM, are sensitive to NP at scales that can exceed those
that achievable at the energy frontier. This is demonstrated
by a few analyses described below involving both loop and
tree decay diagrams.

51 b - sy

The dominant contribution in the SM to b — sy decays
is from a loop involving the top quark and W boson. The
measurement of the inclusive » — sy branching fraction
gives access to the value of V,;, but, what is more impor-
tant, it provides a tool to search for and constrain physics
beyond the SM. Indeed, the SM particles in the loop may
be replaced by hypothetical particles such as the charged
Higgs boson or SUSY particles resulting in observable de-
viations of the decay rate.

The inclusive b — sy rate (i.e. summed over all possi-
ble strange hadronic states) suffers from the minimal the-
oretical uncertainty in contrast to the rates of particular
exclusive radiative channels, where the hadronic uncer-
tainties are large. B(B — Xyy) is calculated within the
SM including next-to-next-to-leading logarithmic correc-
tions with a ~ 7% precision. Ideally, the inclusive photon
spectrum should be measured over the entire energy range.
Practically, the lower part of the spectrum is hardly acces-
sible due to insurmountably large background. Even in the
intermediate energy region the continuum background is
several orders of magnitude larger than the inclusive pho-
ton signal. The continuum background is subtracted using
the Belle’s off-resonance data sample. The obtained spec-
trum is shown in Fig. 9 and the branching fraction was
measured to be

B(B - X,y; Ey>1.7GeV) =(3.4520.15£0.40)x10~*. (5)

The world average [25] (using the analogous BaBar mea-
surement) extrapolated for £, >1.6 GeV is B(B — X,y) =
(3.55 £ 0.24(exp) £ 0.09(model)) x 10~*. This is consistent
with the theoretical prediction, and has been used to con-
strain NP scenarios. For example, the charged Higgs mass
is bounded from this measurement to be above 295 GeV.

Photons 5 Me
EN I e e e mE s S R S E=SES N AN

c.m.s

Figure 9. Photon energy spectrum from B — X,y.

5.2 Measurement of the B(B* — t*v)

The leptonic B* — v decay and the semileptonic B —
D™1* decays are sensitive to the NP including the SM
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extensions with charged Higgs bosons, that could signifi-
cantly suppress or enhance the branching ratios for these
decays. The charged Higgs mass is not strongly con-
strained by the branching ratio of the b — sy process due
to possible destructive interference between diagrams in-
volving lopps with SUSY particles and the charged Higgs
boson. Experimentally it is a real challenge to identify
modes with a 7 lepton due to multiple neutrinos in the final
state. At the e*e™ B factories, exclusive production of a B
meson pair with no extra particles allows to tag the signal
decay by reconstruction of all particles originating from
the accompanying B meson. Using the hermeticity of the
detector it is possible to identify the signal as absence of
the energy deposited in the detector not associated with the
tag and signal particles. Two sorts of decays are employed
for reconstructing of the tagging B: hadronic decays such
as B — Dr (“hadronic tag”) and semileptonic decays such
as B — D¢v (“semileptonic tag”). Both methods provide
similar sensitivity: while the efficiency is higher for the
semileptonic tag, the hadronic tag provides better purity.

The first evidence for B* — 1*v was reported by
Belle using a hadronic tag and a data sample correspond-
ing to 449 x 10° BB events [26]. This was followed by
a measurement using a semileptonic tag and a data sam-
ple corresponding to 657 x 10° BB [27]. The branch-
ing fraction obtained by the semileptonic-tag analysis is
BB - tty) = (1.54f8:§§ fgé?) x 107* with the signifi-
cance of 3.6 o. The hadronic-tag result has been updated
using the Belle’s final sample [28]. The branching fraction
is found to be B(B* — 7tv) = (0.727031 + 0.11) x 107*
with a significance of 3.0 0 (Fig. 10). In the last pa-
per, by employing a neural network-based method for the
hadronic tag and a two-dimensional fit for the signal ex-
traction, along with a larger data sample, both statistical
and systematic precision are significantly improved. Com-
bining the semileptonic-tag and hadronic-tag results tak-
ing into account all the correlated systematic uncertainties,
the branching fraction is found to be (0.96 + 0.26) x 107*
with a significance of 4.0 o [28].
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Figure 10. The residual unassociated energy deposited in the
electromagnetic calorimeter. The red solid histograms show the
projections of the fits. The red dashed and blue dotted histograms
show the signal and background components, respectively.

The Belle result is in agreement with the BaBar mea-
surement [29]. The world average value of B(B* —
7"v) = (1.15 £ 0.23) X 107* is consistent (the deviation

is 1.6 o) with the SM expectation of B(B* — 7tv) =
(0.73%013) x 10~* obtained from other experimental con-
straints [12]. The measured B(B* — 7*v) sets constraints
on the parameters of various models involving charged
Higgs bosons. For large tan 8 the excluded region are strin-

gent than those obtained from the direct searched at LHC.

5.3 Measurement of the B(B — D ®ttvy)

The SM predicts a B — D™71*v branching fraction of
1.4%, i.e. strictly speaking these modes are not rare.
The result is presented in terms of R(D®) = BB —
D®1*y)/B(B — D™ ¢{v), which is independent of the V,;,
and of the parameterization of the strong interaction and
can be compared with the SM theoretical expectations.

In two succeeding B — D™ 1"y analyses Belle used
“inclusive” hadronic tag with much looser selection com-
pared to the B*¥ — 7%y study with hadronic tag. The
B — D™t*y decay was first observed by Belle for neu-
tral B mesons using the 535 x 10° BB data sample [30].
The results for charged B meson decays was obtained three
years later using the 657 x 10® BB data sample [31]. The
decay B* — D*'t*v, is observed with a significance of
8.1 standard deviations, while only 3.5 o significance was
achieved for the decay B* — D°r*v,. Finally, Belle also
obtained a preliminary result for all four modes using the
657x10° BB data sample with exclusive hadronic tag [32].

The naive averages of R(D™) for the results men-
tioned above are R(D) = 0.430 + 0.091 and R(D*) =
0.40 = 0.047. For these estimates, the correlations in the
statistical errors between the different tagging analyses are
neglected as the overlap of events with two tagging meth-
ods is small. The results for R(D™) are consistent be-
tween the Belle and BaBar experiments [33]. The Belle re-
sults exceed the SM predictions R(D) = 0.297 +0.017 and
R(D*) = 0.252 + 0.003 by 1.4 0 and 3.0 o, respectively.
The BaBar results exceed these SM predictions by 2.0 o
and 2.7 o, respectively [33]. The combined disagreement
between the experiment and the SM is at a > 4 o level. It
is worth mention that both results disfavor the type II two-
Higgs doublet model at a level of more than 3 o for the
whole tan 3 region.

With larger statistics of Super B factory besides the
improved accuracy of R(D ™), the ¢* distributions and the
angular distributions of the 7 and D™ decays could also
provide useful information for testing the SM and con-
straining NP models.

5.4 Rare decay summary

Besides B — D™ty modes, which show an intriguing
excess over the SM predictions, other modes are in agree-
ment with the expectations. These studies with present B
factories statistics can provide the SM test a ~ 10% accu-
racy level. However, as we can see from the selectively de-
scribed above analyses these measurement already probe
the NP at an energy scale of O(100 GeV).
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Figure 11. The Belle II detector layout.

6 B physics Future

The B factories have demonstrated that flavor physics has
powerful potential to search for various NP manifesta-
tions. If statistical errors of measurements would be sub-
stantially improved, we could push the explored NP scale
above the 1 TeV region: up to now no obstacles to that
were seen, such as irreducible systematics or theoretical
uncertainty, that can preclude in moving forward with sig-
nificantly increased data. Thereby, there is a strong moti-
vation for construction of the Super B factory.

The idea of the Belle experiment upgrade was first pre-
sented in a Letter of Intent in 2004 [35], followed by a sup-
plemental report in 2008 [36]. In parallel, the KEKB ac-
celerator group has proposed the SuperKEKB machine, an
upgrade of KEKB to increase the luminosity by two orders
of magnitude, with an ultimate goal of 8 x 10¥cm™2s7!.
Further work on the detector design resulted in the Techni-
cal Design report published in 2010 [34]. In March 2011
the accelerator as well as the detector upgrade were ap-
proved by the Japanese parliament and the project was
launched.

Because of the increased level of background, the de-
tector for new experiment (Belle II) has to cope with
higher occupancy and radiation damage than the Belle de-
tector. To be able to operate at the conditions of the Su-
perKEKB collider, the components of the Belle detector
are either upgraded or replaced by new ones. Figure 11
shows the components of the Belle II detector and their
main features. A detailed description of the detector can
be found in Ref. [34].

The Belle II experiment has at least one important mis-
sion: to search for NP in the flavor sector exploiting a huge
jump in luminosity and the plenty of independent measure-
ments. If the NP will be observed at LHC before the start
of Belle II, the flavor sector of NP still needs to be con-
strained, which is only possible at the Super B factory as

s ™
‘ KL and muon detector:

Resistive Plate Counter (barrel)
tor s-;j\(dLSF + MPPC (end-caps)

ation counter (barrel)

ig Aerogel RICH (fwd)

positron (4GeV)

many of such measurements can not be made at hadronic
machines. The aim of the Belle II project is to accumu-
late 50 ab™!, corresponding to about 55 billion BB pairs by
the year 2022. The projected sensitivities for 50 ab™" are
below 0.01 for sin2¢;, less than 1° for ¢, and 1.5° for
¢3. The accuracy in CP violation studies, branching frac-
tions and kinematics characteristics in rare B decays will
be also improved by an order of magnitude. The examples
described above are only a small part of possible measure-
ments to be performed with the Belle II experiment. A
more detailed overview can be found in Ref. [37].
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