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2. Studies of leptons and photons from B mesons 

— a seminar for grown-ups



Prologue

Once upon a time, there was a 
beauty (with her name Belle) and 
a beast (with his name BaBar).


And people called them the B-
Factories…
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Beauty and the B...

BELLE



Beauty and the B...
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BELLE

The B-Factories (1st Gen.)
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The forefathers …

CLEO

ARGUS

�
u
d

⇥ �
c
s

⇥ �
t
b

⇥



5

The B-Factories (now)
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Outline
Part 1, basic stuffs for kids

• collider and luminosity 

Belle & Belle II


• age of endarkenment?

Part 2, for the grown-ups

• Probing the dark world with Belle & Belle II

✓ dark photon and dark Higgs

✓ CP-odd Higgs

✓ dark sector via  decays

✓  of 

✓ axion-like particles

B
Z′￼ Lμ − Lτ
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What is B?   Why B?
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b: a lighter member of the 3rd generation quark doublet 
(proposed by K & M, 1973)

B: a meson containing b and a light quark
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Quiz
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Why {d’, s’, b’}, not {d, s, b}?
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Flavor mixing and CKM matrix

! For quarks,
– weak interaction eigenstates ! mass eigenstates

– mixing of quark flavors through a unitary matrix
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b: a lighter member of the 3rd generation quark doublet 
(proposed by K & M, 1973)


B: a meson containing b and a light quark


decays via gen.-changing processes


 mostly via b —> c


 rarely, b —> s(d), u


long life-time


—> many interesting things can happen, and be studied!

What is B?   Why B?



What can we do with B?

CP violation 


- KM mechanism explains CP violation w/in SM


- in particular, in B decays


--> Test the internal consistency of the KM mechanism in the 
CKM U.T.


Search for rare/forbidden decays


- for a precision test of the SM; and


- indirect search for PBSM

12
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from ‘Big Bang Theory’



145

The	three	frontiers

Flavor Physics



Energy vs. Intensity Frontiers

15

Energy vs. Intensity FrontiersEnergy	vs.	Intensity	Frontier
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Intensity Frontier is 
complementary to the Energy 
Frontier 

If LHC finds NP 

* precision flavor input is essential to 
further clarify those discoveries 

Even if no new NP is found 

* high-statistics flavor sector 
measurements (on b, c, and τ) can 
provide beyond-TeV-scale probe for 
NP

CHAPTER 1. MOTIVATION AND OVERVIEW

At the rare/precision frontier, observable signatures of new particles or processes can be obtained
through measurements of flavor physics reactions at lower energies and evidence of a deviation
from the SM prediction. (Here, “rare” and “precision” refer to processes that are strongly
suppressed or allowed, respectively, in the SM.) An observed discrepancy can be interpreted in
terms of NP models. This is the approach of Belle II.
Apart from being a complementary approach to the direct high energy searches, the preci-
sion frontier has unprecedented sensitivity to the e�ects of NP. The sensitivity depends on the
strength of the flavor violating couplings of the NP. The mass reach for new particle/process ef-
fects can be as high as O(100 TeV/c2) if the couplings are enhanced compared to the SM. In the
most pessimistic Minimal Flavor Violation case, where the NP flavor violating processes (such
as neutral meson oscillations) are a consequence of the same Yukawa couplings as in the SM,
SuperKEKB and Belle II would still be able to observe the e�ects of so far unknown particles
up to O(1 TeV/c2) [8]. Again, sensitivity to the contribution of a new particle or process to a
particular flavor physics reaction depends on the NP model and on the size of the data sample.
The reach of various colliders in searching for NP is illustrated in Fig. 1.1.

SuperKEKB

KEKB

LHC

Tevatron

(gNP/g)
2

M
N
P[
Te
V]

10
-1

1

10

10 2

1 10 102

Figure 1.1: Illustrative region of sensitivity to NP as a function of the flavor violating couplings
(relative to the SM) in the indirect searches at KEKB and SuperKEKB, and direct searches at
LHC and Tevatron.

The value of the high-energy and rare/precision frontiers is associated with the complementary
direct vs. indirect nature of the contribution of new particles or processes to the ensemble of
available measurements and the distinct predictions from NP models in these two regimes. The
processes in which unknown particles are expected to be observed are di�erent in most of the
cases between the energy and precision frontier experiments.
Belle II and SuperKEKB, described in this report, will exploit our strengths at the rare/precision
frontier by moving beyond a simple observation of a NP e�ect to its detailed characterization
through overconstraining measurements in several related flavor physics reactions. This is also
the reason for the existence of several experiments in the precision frontier with, to a large
extent, non-overlapping and thus complementary programs. In Sec. 1.2.3.2, we briefly address
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Youngjoon Kwon (Yonsei Univ.) From Intensity Frontier to Dark Sector Nov. 1, 2016 4
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10 
 

 
FIG.3:  Progress on the Tevatron luminosity constituents: number of protons, number of 

antiprotons and beam compression factor.  

 

 
FIG.4:  Highest energy particle accelerators (triangles ± electron, circles ± proton).  

The Energy Frontier
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Youngjoon Kwon (Yonsei Univ.) From Intensity Frontier to Dark Sector Nov. 1, 2016 65

The Luminosity (“intensity”) Frontier
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How to study B?
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How to make “B-meson beam”?

• We need a multitude of (well identified) B mesons with known initial
(E,~p)

• making B’s at hadron colliders (e.g. LHCb)
- huge number of B mesons are produced, but
- no info. on pµ

B , unless you actually reconstruct the B meson
) will be of little use for modes with invisible particle(s)

• making B’s at e+e� colliders with
p

s = m(⌥(4S))

- a moderate number of B mesons are produced
- EB =

p
s/2 ⇠ 5.29 GeV ; |~pB| ⇠ 0.35 GeV/c

- but.. direction of ~pB?

Y. Kwon (Yonsei Univ.) Study of neutrinos using “B-meson beams” at Belle Apr. 9, 2014 4



�discovery of        resonances
PRL 39, 252 (1977)

pN � µ+µ�X @ 400 GeV

19
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Figure 2: Hadronic cross section vs. center-of-mass energy, showing three narrow resonances
Υ(1S,2S,3S), and one broad resonance Υ(4S) (CLEO).

rates, leptonic decay branching fractions, level spacings, all matched very well
with the bound bb, charge −1/3 quark interpretation.

While there was no doubt, by then, about the existence of the bottom
quark, the studies needed to determine further properties were of its weak
decays. These could not be obtained from ‘hidden beauty,’ because a bound
bb system decays via the strong interaction, with b and b quarks annihilating
each other, forming gluons or a virtual photon. For studies of the weak decay
of the bottom quark, “bare bottom,” or “naked beauty” was needed.

Bare bottom was discovered at CESR by the spring of 1980. A scan,
measuring cross section for production of hadronic events vs center-of-mass
energy, above the Υ(1S), Υ(2S), Υ(3S), revealed another resonance. This one
was measurably broad (see Fig. 2), indicative of a rapid decay into b-flavored
mesons, Υ(4S) → BB. The compelling evidence for bare bottom came from
the yield of muons and electrons, which also peaked at the Υ(4S) resonance
(see Fig. 3), indicating the decay sequence Υ(4S) → BB (via the strong
interaction), followed by B → X!V (via the weak interaction). Leptons, a
tell-tale signature of a weak decay, established bare bottom.

2.2 Roughing out the Qualitative Features – 1980-88

A series of measurements, from 1980 to 1988, determined the qualitative fea-
tures of the b quark.

4

e+e� � �(4S)� BB̄

pN � µ+µ�X
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Figure 1: Dimuon mass distribution from collisions of 400 GeV protons with a nuclear target,
showing the Υ states (Lederman and collaborators).

2 The Early Days

2.1 Discovery – 1977-80

The b quark was discovered in its hidden form (“hidden beauty”, “covered
bottom”) at Fermilab, in 1977, by Leon Lederman and collaborators. They
measured the mass distribution of dimuon pairs from collisions of 400 GeV
protons on a nuclear fixed target, and observed a structure consisting of two
or more peaks in the 9.4-10.0 GeV region (see Fig. 1). The immediate (and
correct) interpretation was a bound system of a quark-antiquark pair, charge
−1/3 quarks. The bound system was named the Upsilon (Υ).

The DORIS e+e− storage ring at DESY, at the time of the Υ discovery,
had insufficient energy to produce Υ’s. The machine energy was increased,
and in 1978, straining their RF, physicists at DORIS observed two narrow
resonances, Υ(1S) and Υ(2S). They could go no higher.

The CESR e+e− storage ring at LNS, Cornell, gave first luminosity to the
CLEO and CUSB detectors in October, 1979. The Υ(1S) and Υ(2S) resonances
were quickly located, and in December, in time to be “added in proof” to the
Lab’s Christmas card, the Υ(3S) was discovered (see Fig. 2).

The three resonances, Υ(1S), Υ(2S), Υ(3S) were all narrow, with widths
less than the instrumental resolution (beam energy spread). The production
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Figure 1: Dimuon mass distribution from collisions of 400 GeV protons with a nuclear target,
showing the Υ states (Lederman and collaborators).

2 The Early Days

2.1 Discovery – 1977-80

The b quark was discovered in its hidden form (“hidden beauty”, “covered
bottom”) at Fermilab, in 1977, by Leon Lederman and collaborators. They
measured the mass distribution of dimuon pairs from collisions of 400 GeV
protons on a nuclear fixed target, and observed a structure consisting of two
or more peaks in the 9.4-10.0 GeV region (see Fig. 1). The immediate (and
correct) interpretation was a bound system of a quark-antiquark pair, charge
−1/3 quarks. The bound system was named the Upsilon (Υ).

The DORIS e+e− storage ring at DESY, at the time of the Υ discovery,
had insufficient energy to produce Υ’s. The machine energy was increased,
and in 1978, straining their RF, physicists at DORIS observed two narrow
resonances, Υ(1S) and Υ(2S). They could go no higher.

The CESR e+e− storage ring at LNS, Cornell, gave first luminosity to the
CLEO and CUSB detectors in October, 1979. The Υ(1S) and Υ(2S) resonances
were quickly located, and in December, in time to be “added in proof” to the
Lab’s Christmas card, the Υ(3S) was discovered (see Fig. 2).

The three resonances, Υ(1S), Υ(2S), Υ(3S) were all narrow, with widths
less than the instrumental resolution (beam energy spread). The production
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e+e� ! ⌥(4S) as a B-factory

B-factories 
� Precise knowledge of  the initial states in ݁ା݁ି collisions. 

� Designed to run at ȯሺͶܵሻ resonance ( ݏ ൌ ͳͲǤͷͺ
��). 

Saga-Yonsei Workshop on High Energy Physics: Jan. 14th, 2014 4 

8GeV ିࢋ 

3.5GeV ࢋା 
10.58 GeV 

1.1nb ࣌ ିࢋାࢋ ՜ ࢅ ૝ࡿ  
~3nb ࣌ ିࢋାࢋ ՜ ഥࢗࢗ  

ሺࢗ ൌ ࢛ǡࢊǡ ࢙ǡ  ሻࢉ

ળሺ૝ࡿሻ 

� �� ȯ Ͷܵ ՜ തܤܤ ൐ ͻ͸Ψ ; w/ ݌஻஼ெ ൌ ͵ͺͲ���Ȁܿ 

� How to benefit from this ȯሺͶܵሻ decay structure? 

The Upsilon System 

• B(⌥(4S) ! BB) > 96%, with pCM
B ⇠ 0.35 GeV/c

• nothing else but BB in the final state
) if we know (E,~p) of one B, the other B is also constrained

Y. Kwon (Yonsei Univ.) Study of neutrinos using “B-meson beams” at Belle Apr. 9, 2014 5

(Note)

mB = 5.28 GeV
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CPV & Related Results from Belle    Y . Kwon (Yonsei U.) APCTP Seminar, June 10, 2006 19



9.0 GeV
3.1 GeV

Y. Kwon (Yonsei Univ.) Recent hightlights from B-factories Jan. 10, 2017 23
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84#institutes#
~400#members

Z L dt
=
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�1

Lpeak = 21.1 nb�1s�1

Y. Kwon (Yonsei Univ./Belle) Physics Highlights from Belle Aug. 25, 2015 4

counter

Si Vtx. det. 
4(3) lyr. DSSD

		20	countries	
		90	institutions	
~450	members
100
22

~450
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Y. Kwon (Yonsei Univ./Belle) Physics Highlights from Belle Aug. 25, 2015 4
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4(3) lyr. DSSD

		20	countries	
		90	institutions	
~450	members



discovery of  B mesons (CLEO)
PRL 50, 881 (1983)

e+e� � �(4S)� BB̄

3

ISGW2 model and for sub-components D1 and D∗
2 set

B→D1!ν+B→D
∗

2 !ν

B→D∗∗!ν
= 0.35 ± 0.23. The motion of the b

quark inside the B meson is implemented with the intro-
duction of a shape function [12, 15] that describes the b
quark momentum distribution inside the B meson.

The Btag candidates are reconstructed in the modes

B → D(∗)π/ρ/a1/D(∗)
s , D0 → K+π−, K+π−π0,

K+π+π−π−, K0
Sπ0, K0

Sπ+π−, K0
Sπ+π−π0 and K+K−,

D− → K+π−π−, K+π−π−π0, K0
Sπ−, K0

Sπ−π0,
K0

Sπ−π−π+ and K+K−π−, and D+
s → K0

SK+ and
K+K−π+. D∗ mesons are reconstructed by combining
a D candidate and a soft pion or photon. (Inclusion of
charge conjugate decays is implied throughout this pa-
per.) The selection of Btag candidates is based on the
beam-constrained mass, Mbc =

√

E∗2
beam/c4 − p∗2

B
/c2,

and the energy difference, ∆E = E∗
B − E∗

beam. Here
E∗

beam =
√

s/2 $ 5.290 GeV is the beam energy in the
e+e− center-of-mass system (cms), and p∗B and E∗

B are
the cms momentum and energy of the reconstructed B
meson. (Throughout this paper the variables calculated
in the cms are denoted with an asterisk.)

The combinatorial background from jet-like e+e− →
qq̄ processes is suppressed by an event topology re-
quirement based on the normalized second Fox-Wolfram
moment R2 < 0.5 [16], and for some modes also by
| cos θ∗thrust| < 0.8, where θ∗thrust is the angle between the
thrust axis of the Btag candidate and that of the rest
of the event. To minimize the fraction of events with
incorrect separation of tag and signal sides while main-
taining high signal efficiency, a loose selection require-
ment of Mbc ≥ 5.22 GeV/c2 and −0.2 < ∆E < 0.05 GeV
is made. If an event has multiple Btag candidates, we
choose the one having the smallest χ2 based on ∆E, the
D candidate mass, and the D∗ − D mass difference if
applicable.

For events tagged by fully reconstructed Btag candi-
dates, we search for electrons or muons from semileptonic
decays of Bsig. We require a lepton with momentum p∗!
exceeding 1 GeV/c in the laboratory polar angular region
of 26◦ ≤ θ ≤ 140◦. Leptons from J/ψ decay, photon con-
version in the material of the detector, and π0 decay are
rejected based on the invariant mass they form in com-
bination with an oppositely charged lepton and for elec-
tron candidates also with an additional photon. When
the Btag candidate is charged, we also require the lepton
charge to be consistent with that from prompt semilep-
tonic decay. The signal yield is obtained by fitting the
Mbc distribution to the sum of an empirical parametriza-
tion of the combinatorial background shape [17] plus a
signal shape [18] that peaks at the B mass and taking
the part of the signal that lies in the “signal region,”
Mbc ≥ 5.27 GeV/c2, as shown in Fig. 1(a). The cut-
off for Mbc reduces the uncertainty from the incorrect
assignment of tag and signal sides in signal events.

The B → Xu&ν signal events are selected by re-
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FIG. 1: (a) Distribution in Mbc (data) of Btag candidates
in events satisfying Bsig selection. (b) MX distribution for
events with q2 > 8 GeV2/c2, with fitted contributions of
B → Xc!ν and B → Xu!ν.

moving poorly measured soft charged tracks and impos-
ing several additional requirements to reject poorly re-
constructed events and suppress the B → Xc&ν back-
ground. We require that the event contain exactly one
lepton and have zero net charge and that the invariant
mass squared of the missing four-momentum m2

miss ≡
(pΥ(4S) − pBtag

− pX − p!)2 (pΥ(4S), pBtag
and pX are

four-momenta of the Υ(4S), Btag, and hadronic system
(X), respectively) be within −1 ≤ m2

miss ≤ 0.5 GeV2/c4.
To suppress the B → Xc&ν background, events with
a K± or K0

S candidate on the signal side are rejected
(kaon veto). To reject events containing a K0

L, we re-
quire that the angle between the missing momentum
and the direction of any K0

L candidate, reconstructed
in the K0

L detector, be greater than 37 degrees. We
also reject B0 → D∗+&−ν̄ events by detecting the slow
pion (πs) from D∗+ → D0π+

s and deducing from its
momentum the momentum of the D∗+. The missing
mass squared m2

miss (D∗) = (pB − pD∗ − p!)2 is calcu-
lated from the reconstructed quantities, and events with
m2

miss (D∗) > −3 GeV2/c4 are rejected.
Finally, the kinematic variables MX and P+ are calcu-

lated from the measured momenta of all charged tracks
and energy deposits of all neutral clusters in the elec-
tromagnetic calorimeter that are not used in the Btag

reconstruction or for the lepton candidate. The four-
momentum of the leptonic system is calculated as q =
pΥ(4S) − pBtag

− pX . The distributions of events in MX

and P+ are obtained by fitting the Mbc distribution, as
described above, in bins of MX and P+. Figures 1(b),
2(a) and 3(a) show the resulting MX and P+ distribu-
tions. We define three kinematic signal regions (∆Φ) for
events where the prompt lepton has p∗

!
≥ 1 GeV/c: P+ <

0.66 GeV/c, MX < 1.7 GeV/c2, and MX < 1.7 GeV/c2

combined with q2 > 8 GeV2/c2. These three regions
are denoted as P+, MX and MX/q2, respectively. To
minimize the systematic effects of uncertainties in lepton
selection and full reconstruction, we normalize the par-
tial rate for each signal region with the total semileptonic

Belle (2005)
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Kobayashi-Maskawa (KM) ansatz
“CPV is due to an irreducible phase in 


the quark mixing matrix in 3 generations”

First 3rd-gen. 
particle (τ)

seen in 1975
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Flavor mixing and CKM matrix

! For quarks,
– weak interaction eigenstates ! mass eigenstates

– mixing of quark flavors through a unitary matrix
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Flavor mixing & CKM matrix



Z. Ligeti, from plenary talk @ ICHEP 2004
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Test of Unitarity

V �
ub Vtd

VcdV
�
cb

�1

�2

�3



30



31



32

Vud Vus

Vcd Vcs

Vtb

Vcb

Vub

VtsVtd

How to measure?

 V = |V|exp(iφ)

• |V| from semi-leptonic decay rates

• φ from CP asymmetries

just overly simplified guidelines
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How to make CPV  happen?

by interference of 2 amplitudes


case (1) : mixing-induced


case (2) : b/w tree & penguin



mixing-induced


interference of different decay amplitudes

34

How to get interference?

fcpB0

B0
=

B0
B0 fcp

W

t
g

s
W

Vub



CP violation from interference of two amplitudes



36

time-dependent ACP measurement
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              : high rate, theoretically clean

The Golden mode for φ1

No CKM phase

Note: true for any B0 decay with no 
phase from decay amplitude

Two Vtd vertices
ei0 e�i(2�1)

B0

B
0

J/�K0
ei0

e�i(2�1) ei0

B0 � J/�K0

=) AJ/ K0

CP (�t) = �⇠f sin(2�1) sin(�m�t)



Belle’s final result on  sin(2φ1)
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4 Conclusions

Impressive improvements have been accomplished during the last ten years in B physics. Figure
4 illustrates the progress on the measurements of the two sides of the Unitarity Triangle. Some
conclusions can be drawn. The selected region in the (ρ, η) plane, using B physics only, is very
well compatible with the measurement of CP violation in the Kaon system. sin2β is measured
with an accuracy better than 10% within the SM framework. The angle γ is smaller than 90◦

at 99.6% C.L.. This result is very slightly affected by multypling theoretical errors by a factor
two and is essentially due to the impressive improvement on the limit on ∆ms obtained during
the last 4 years.
The situation will still improve by summer 2000. Thanks to the achieved accuracy, future
measurements of CP violation in the B sector would further test the consistency of the Standard
Model by determining directly the angles of the Unitarity Triangle.

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

Figure 4: The allowed region for ρ and η from 1988 to the end of 1999

Acknowledgements

Many thanks to the organizers for arranging such a nice Conference in a very stimulating atmo-
sphere. The speaker has benefited from useful discussions with R. Forty, T. Nakada, R. Peccei,
S. Willocq and M. Zito; they are warmly thanked.

6

4 Conclusions

Impressive improvements have been accomplished during the last ten years in B physics. Figure
4 illustrates the progress on the measurements of the two sides of the Unitarity Triangle. Some
conclusions can be drawn. The selected region in the (ρ, η) plane, using B physics only, is very
well compatible with the measurement of CP violation in the Kaon system. sin2β is measured
with an accuracy better than 10% within the SM framework. The angle γ is smaller than 90◦

at 99.6% C.L.. This result is very slightly affected by multypling theoretical errors by a factor
two and is essentially due to the impressive improvement on the limit on ∆ms obtained during
the last 4 years.
The situation will still improve by summer 2000. Thanks to the achieved accuracy, future
measurements of CP violation in the B sector would further test the consistency of the Standard
Model by determining directly the angles of the Unitarity Triangle.

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

Figure 4: The allowed region for ρ and η from 1988 to the end of 1999

Acknowledgements

Many thanks to the organizers for arranging such a nice Conference in a very stimulating atmo-
sphere. The speaker has benefited from useful discussions with R. Forty, T. Nakada, R. Peccei,
S. Willocq and M. Zito; they are warmly thanked.

6

4 Conclusions

Impressive improvements have been accomplished during the last ten years in B physics. Figure
4 illustrates the progress on the measurements of the two sides of the Unitarity Triangle. Some
conclusions can be drawn. The selected region in the (ρ, η) plane, using B physics only, is very
well compatible with the measurement of CP violation in the Kaon system. sin2β is measured
with an accuracy better than 10% within the SM framework. The angle γ is smaller than 90◦

at 99.6% C.L.. This result is very slightly affected by multypling theoretical errors by a factor
two and is essentially due to the impressive improvement on the limit on ∆ms obtained during
the last 4 years.
The situation will still improve by summer 2000. Thanks to the achieved accuracy, future
measurements of CP violation in the B sector would further test the consistency of the Standard
Model by determining directly the angles of the Unitarity Triangle.

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

0
0.2
0.4
0.6
0.8
1

-1 -0.5 0 0.5 1

Figure 4: The allowed region for ρ and η from 1988 to the end of 1999

Acknowledgements

Many thanks to the organizers for arranging such a nice Conference in a very stimulating atmo-
sphere. The speaker has benefited from useful discussions with R. Forty, T. Nakada, R. Peccei,
S. Willocq and M. Zito; they are warmly thanked.

6



41

3
q

2
q

2
q

dm6 K¡
sm6 & dm6

ubV

1
qsin 2

(excl. at CL > 0.95)
 < 0

1
qsol. w/ cos 2

2
q

1
q

3
q

l
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

d

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

EPS 15

CKM
f i t t e r

CKM UT as of 2015

3
q

2
q

2
q

dm6 K¡
sm6 & dm6

ubV

1
qsin 2

(excl. at CL > 0.95)
 < 0

1
qsol. w/ cos 2

2
q

1
q

3
q

l
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

d

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ex
cl

ud
ed

 a
re

a 
ha

s 
C

L 
> 

0.
95

EPS 15

CKM
f i t t e r



Belle (and BaBar, too) achievements include:


• CPV, CKM, and rare decays of B mesons (and Bs, too)


• Mixing, CP, and spectroscopy of charmed hadrons, e.g. 



• Quarkonium spectroscopy and discovery of (many) 
exotic states, e.g. X(3872), Zc(4430)+


• Studies of τ and 2γ

D*s0(2317)+

2008



Belle  Belle II ⟹
still not solved


• CP violation from KM hypothesis is not large enough to explain the matter-
antimatter asymmetry in our Universe

--> We need New Physics!

• The origin of the Flavor structure of Standard Model is totally unknown

upgrade Belle —> Belle II


• KEKB is upgraded to SuperKEKB (x30 peak luminosity)

• aiming at x50 total data size

• Belle detector is also upgraded to Belle II

• 총예산 약 6,500 억원 
43

BELLE

Z goal

L dt = 50 ab�1

<latexit sha1_base64="UiC/BKQJSQKh1PHepAU99xmqBXo="></latexit>

Lpeak = 6.5⇥ 1035 cm�2s�1



SuperKEKB                         Belle II

injector 

to Linac

<latexit sha1_base64="LDrPrMeyiiKn7txHDpbeYxM3NRw="></latexit>

Lpeak
II ⇡ 30⇥ Lpeak

I
<latexit sha1_base64="YbBuS6GqQt4D9dtJkKRL0GJXgHQ="></latexit>Z goal

LII dt = 50 ab�1 ⇡ 50

Z
LI dt

8

Super-KEKB: the nano-beam scheme

s
y
* = 48/62 nm

b
y
* = 0.27/0.3 mm

s
x
* = 10.1/10.7 mm

s
y
* = 940 nm

b
y
* = 5.9 mm

s
x
* = 147/170 mm

KEKB Super-KEKB
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SVD: 4 DSSD layers ➔ 2 DEPFET layers + 4 DSSD layers

CDC: small cell, long lever arm

ACC+TOF ➔ TOP+A-RICH

ECL: waveform sampling

KLM: RPC ➔ Scintillator +MPPC (endcaps, barrel inner 2 lyrs)

In colours for new 
components
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The Belle II Collaboration

26 countries/regions,   ~120 institutions,   ~1000 collaborators

The Belle II Collaboration



~2024b

1

800fb-1

600fb-1

1300fb-1

900fb-1

Belle II Luminosity - past & prospects

Belle II has been in operation through the Pandemic era, 
with modified working mode in accordance with the 

anti-pandemic policy. (See back-up slide!)



Y. Kwon (Yonsei Univ.) Recent hightlights from B-factories Jan. 10, 2017 48



Position of Belle (II) in world HEP

입자물리학의 “Three Frontiers” (US/DOE)

• Energy Frontier / Intensity Frontier / Cosmic Frontier

Intensity Frontier의 두 주역

• LHCb 실험 vs. Belle II 실험 

“Belle II 실험은 , missing , full-recon tagging 등 LHCb에서는 할 
수 없는 고유의 연구 영역을 확보하고 있는 세계 유일의 실험이기에 
독창적이고, Intensity Frontier 연구, 특히 입자물리 맛깔 구조 연구에 
가장 적합한 실험이다.”

π0 ν
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adapted from

Belle II  vs.  LHCb

50

complementarity

at a glance
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End of Part I

Any questions?


