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Fundamental Particles
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Quark Mass Hierarchy
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▪ Bound states of b and light quarks           

▪ Heaviest stable bound states in QCD (>5.2GeV)

▪ Rich spectrum, many decay channels     

▪ Important source of information about CP violation, 
CKM parameters and new physics   
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mesons : B�, B0, B0
s

baryons : ⇤b,⌅
�
b ,⌅

0
b

Heavy Flavour Physics: B Physics
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Where do we study heavy flavour?



Experiments providing most of 
analyses today

Ongoing Experiments  

Planned facilities

3.5 GeV e+
8 GeV e–

3.1 GeV e+
9 GeV e–

Experimental prospect is very promising!

109 events, leading to Nobel Prize in 2008

1011 events, what will happen?

(Super) Flavor Factories
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Why HFP?

C:Matter-AntiMatter

CP

One needs C and CP violation in PP.
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CP Asymmetry in Hadron System

▪ In Kaon system, the CP asymmetry (CPA) can reach 

roughly 0.2%

▪ In D decays, CPA at 1% is often argued to be New 

physics.

▪ Direct CPA in B decays: 

Acp(BàK+π-)=(-8.2±0.6)%; Acp(Bàπ+π-) = (31±5)%

▪ In B decays,  sin(2β) =67.2%! Large mixing CPA

B physicsè Ideal Platform to study CPA



In the past decades, particle physics 
goes into two directions:

high energy +  high precision

Ø High Energy：LEP，Tevatron,LHC, …

New particles：W,Z,top,Higgs，…

Ø High Precision：B factories 
,BES,LHCb,Belle-II，…

New phenomena
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Why HFP?
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Why HFP?B→K(*)ℓℓ: b→s FCNC processes 
!   Within the SM, these processes proceed via loop diagrams like 

 
!   New physics entering the virtual parts, could largely alter observables 

 
!   Effective Hamiltonian: 

   

8 Eli Ben-Haim                          Moriond QCD and High Energy Interactions, March12th 2013 

Wilson coeffs. 
(short-dist. interactions)  

Operators 
(long-dist. interactions)  

BèK*l+l-:Indirect Search for NP



LHCb: 1512.04442 (3fb-1)
ABSZ: 1503.05534

B ! K ⇤``: angular analysis

 ï
q

le eKB0

/

K

+

 ï

µ+

µ

✓l : angle of emission between K ?0

and µ� in di-lepton rest frame
✓K⇤ : angle of emission between K ?0

and K� in di-meson rest frame.
�: angle between the two planes
q2: dilepton invariant mass square

d4�

dq2 d cos ✓l d cos ✓K⇤ d�
=

X

i

fi(✓K⇤ , �, ✓l)⇥ Ii

with 12 angular coeffs Ii , interferences between 8 transversity ampl.
?, ||, 0, t polarisation of (real) K ⇤ and (virtual) V ⇤ = �⇤, Z ⇤

L, R chirality of µ+µ� pair
A?,L/R, A||,L/R, A0,L/R, At + scalar As depend on

q2 (lepton pair invariant mass)
Wilson coefficients C7, C9, C10, CS, CP (and flipped chiralities)
B ! K ⇤ form factors A0,1,2, V , T1,2,3 from hK ⇤|Qi |Bi

S. Descotes-Genon (LPT-Orsay) B ! K⇤µµ theory 23/03/15 4

imaginary components of the S-wave amplitude (and F
S

).4

For a small S-wave amplitude, the pure S-wave contribution, F
S

, to Eq. 9 has only a
small e↵ect on the angular distribution. The magnitude of A

S

arising from the interference
between the S- and P-wave can however still be sizable and this information is exploited
by this phase-shift method. The method, described above, is statistically more precise
than fitting Eq. 9 directly for A

S

and F
S

as uncorrelated variables. For the B0! K⇤0J/ 
control mode, the gain in statistical precision is approximately a factor of three.

Due to the limited number of signal candidates that are available in each of the
q2 bins, the bins are merged in order to estimate the S-wave fraction. In the range
0.1 < q2 < 19GeV2/c4, F

S

= 0.03± 0.03, which corresponds to an upper limit of F
S

< 0.04
at 68% confidence level (CL). The procedure has also been performed in the region
1 < q2 < 6GeV2/c4, where both F

L

and F
S

are expected to be enhanced. This gives
F
S

= 0.04± 0.04 and an upper limit of F
S

< 0.07 at 68% CL. In order to be conservative,
F
S

= 0.07 is used to estimate a systematic uncertainty on the di↵erential branching fraction
and angular analyses. The B0! K⇤0J/ data has been used to validate the method.

For the di↵erential branching fraction analysis, F
S

scales the observed branching
fraction by up to 7%. For the angular analysis, F

S

dilutes A
FB

, S
3

and A
9

. The impact
on F

L

however, is less easy to disentangle. To assess the possible size of a systematic bias,
pseudo-experiments have been carried out generating with, and fitting without, the S-wave
contribution in the likelihood fit. The typical bias on the angular observables due to the
S-wave is 0.01� 0.03.

8 Forward-backward asymmetry zero-crossing point

In the SM, A
FB

changes sign at a well defined value of q2, q2
0

, whose prediction is largely
free from form-factor uncertainties [3]. It is non-trivial to estimate q2

0

from the angular fits
to the data in the di↵erent q2 bins, due to the large size of the bins involved. Instead, A

FB

can be estimated by counting the number of forward-going (cos ✓
`

> 0) and backward-going
(cos ✓

`

< 0) candidates and q2
0

determined from the resulting distribution of A
FB

(q2).
The q2 distribution of the forward- and backward-going candidates, in the range

1.0 < q2 < 7.8GeV2/c4, is shown in Fig. 6. To make a precise measurement of the zero-
crossing point a polynomial fit, P (q2), is made to the q2 distributions of these candidates.
The K+⇡�µ+µ� invariant mass is included in the fit to separate signal from background.
If P

F

(q2) describes the q2 dependence of the forward-going, and P
B

(q2) the backward-going
signal decays, then

A
FB

(q2) =
P
F

(q2)� P
B

(q2)

P
F

(q2) + P
B

(q2)
. (10)

4In the decay B0! K⇤0µ+µ� there are actually two pairs of amplitudes involved, left- and right-handed
longitudinal amplitudes and left- and right-handed S-wave amplitudes (where the handedness refers to
the chirality of the dimuon system). In order to exploit the interference and determine FS it is assumed
that the phase di↵erence between the two left-handed amplitudes is the same as the di↵erence between
the two right-handed amplitudes, as expected from the expression for the amplitudes in Refs. [40, 41].
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A.Ali, et. al, hep-ph/9910221

14

Why HFP: Forward-backward asymmetry



LHCb: 1512.04442
DHMV:1407.8526

F. Dettori (CERN)

Results
Angular analysis of the B0

d

! K⇤µ+µ�
decay

• Form-factor independent observables P 0
5 = S5p

F

L

(1�F

L

)
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• Tension in P 0
5 [PRL 111, 191802 (2013)] confirmed with 3fb�1

• Local deviations of 2.9� and 3.0� for q2 2 [4.0, 6.0] and 6.0, 8.0 GeV 2

• Naive combination of the two gives local significance of 3.7�
• Agreement with 1 fb�1 result

[SM from Descotes-Genon et al. JHEP12(2014)125]

Rare beauty decays at LHCb Moriond QCD 22/03/2015 19/21
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Figure 8: The optimised angular observables in bins of q2, determined from a maximum likelihood
fit to the data. The shaded boxes show the SM prediction taken from Ref. [14].

24

15

In PP, 5σ deviation is a sign for an important discovery. 

Why HFP: 3.7σ deviations



Why HFP: Anomalies in B decays
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B->D（*）tn，b-> s µµ
G. Ciezarek, et.al, Nature 546, 227 (2017)
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LHCb arXiv: 1705.05802

In PP, 5σ deviation is a sign for an important discovery. 



▪ QCD Radiative corrections

▪ High Power corrections

▪ Mismatch between theory and data
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↵s/⇡ ⇠ 10% ! (↵s/⇡)
2 ⇠ 1%

⇤/mb ⇠ 20% ! (⇤/mb)
2 ⇠ 4%

�K⇤/mK⇤ ⇠ 6% ! (�K⇤/mK⇤)2 ⇠ 1%

Why HFP: High Precision



Experimental cuts by LHCb:
mK* −δm <mKπ <mK* +δm

L denotes the distribution function of Kπ system from K*
Narrow width limit (theoretical results):

K* (50 MeV): BàK*l+l- is a  four-body process.

LHCb-CONF-2015-002

18

Why HFP: Finite Width Problem
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Experimental cuts by LHCb:

mK* −δm <mKπ <mK* +δm

It is mandatory to include the S-wave:

We expect the S-wave: Doring, Meissner, WW, 1307.0947

𝐵 → (𝐾𝜋)'𝑙)𝑙*

Why HFP: Finite Width Problem



ChiPT limited to low energies
20

Why HFP: Finite Width Problem
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Summing all order contributions:

1-GV＝0
s=s0

Above Threshold： pole corresponds to  resonance
à Hadron Molecule

B Curernts 22

C The rest will be deleted!!!: Conventions 25

D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

L = q̄iD/q �mq q̄q (0.1)

q̄q = � @L
@mq

(0.2)

V + V GV + V GV GV + ... =
V

1�GV
(0.3)

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

The leading-order (LO) effective Lagrangian is constructed as

L =

f2

4

Tr[DµUDµU †
] +

f2

4

Tr[�U †
+ �†U ] (2.1)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.2)

and

� = 2B0(
ˆM + s), (2.3)

DµU ⌘ @µU + iUlµ � irµU. (2.4)

– 1 –

Unitarized Approach



M.Döring,U.-
G.Meißner,WW,1307.0947
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Unitarized χPT and phase shift



Scalar	form	factors	in	χPT

twice-subtracted Omnes
solution matched onto χPT

Imaginary part
Real part
Magnitude 
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mKΠ2 !GeV2"
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FIG. 5: Left: One-channel K⇡ form factor (dashed blue lines) compared to the two-channel solution of Fig. 3 (solid red lines).

Right: Direct inversion of Eq. (38) (dashed blue lines) compared to the Omnès solution according to Eq. (39). Both solutions

are matched to ChPT at the origin and di↵er from each other by a real polynomial in s of degree 2 and higher, as must be.

with a polynomial ambiguity P (s) = 1 + a
2

s2 + a
3

s3 + . . . (note that � T ⇤ = sin � exp(�i�)).

Using the numerical methods of Sec. III A 3, Eq. (38) can be directly inverted. To the left in Fig. 5, the corresponding

result (dashed blue lines) is compared to the two-channel solution (solid red lines). While the one-channel and the

two-channel solutions are qualitatively similar, at higher energies there are di↵erences. In particular, the two-channel

solution never becomes zero, while the one-channel solution has a zero around s = 2.2GeV2. In Fig. 5 to the right,

the one-channel solution is compared to the Omnès solution of Eq. (39) with P (s) = 1. The results start to di↵er

already at quite low energies. The Omnès solution cannot become zero while the direct inversion of Eq. (38) exhibits

a zero. As we have checked, the two solutions indeed di↵er by a real polynomial P (s) with a zero, of the form quoted

below Eq. (39). The role of zeroes in form factors has extensively been discussed in Ref. [78]. In summary, we observe

that the two-channel solution becomes small but stays non-zero, the one-channel solution has a zero, and the Omnès

solution cannot have a zero. Experimental data can clarify whether a zero is present or not.

B. Scalar ⇡⇡ and KK̄ form factors

In terms of the isoscalar S-wave states

|⇡⇡i
I=0

=
1p
3

��⇡+⇡�↵+ 1p
6

��⇡0⇡0

↵
, (40)

|KK̄i
I=0

=
1p
2

��K+K�↵+ 1p
2

��K0K̄0

↵
, (41)

the scalar form factors for the ⇡ and K mesons are defined as

p
2B

0

F
n/s
1

(s) = h0|n̄n/s̄s|⇡⇡i
I=0

, (42)
p
2B

0

F
n/s
2

(s) = h0|n̄n/s̄s|KK̄i
I=0

,

23



S-wave	contributions	in	BèKπl+l-
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FIG. 8: The S-wave contribution and its interference with P-wave to the di↵erential decay width in B̄0 ! K�⇡+l+l�. In panel

(a), the dashed, dotted and solid curves denote the S-wave, P-wave and total contributions d�/dq2 in units of 10�8GeV�2.

Panel (b) shows the S-wave fraction d�S/dq
2. We also show the forward-back asymmetry dAK

FB/dq
2 for the charged kaon in

panel (c). The three sets of results correspond to the central value and the ones with uncertainties from the heavy-to-light form

factors calculated using the PQCD approach as given in the Appendix A.
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FIG. 9: Same as Fig. 8 but for B̄0
s ! K+K�l+l�.

contributions respectively. Here and in the following two figures, the three sets of results correspond to the central

value and the ones with uncertainties from the heavy-to-light form factors calculated using the PQCD approach as

described in the Appendix A. The panel (b) and (c) correspond to the S-wave fraction and and the forward-backward

asymmetry. In the case of Bs ! �l+l� the bin size is chosen as �m = 20 MeV and the corresponding results are

shown in Fig. 9. From these figures, we find that the S-wave contribution can reach 10% in B̄0 ! K�⇡+l+l�, while

it is about 5% in Bs ! K+K�l+l�. It is necessary to stress that there is a sign ambiguity in the forward-backward

asymmetry dAK
FB/dq

2 from the use of Watson theorem. However, the magnitude shown in panel (c) is sizable and

thus measurable in future. Since this quantity dAK
FB/dq

2 arises from the S-wave and P-wave interference, it can be

used to constrain the S-wave meson-meson scattering when precise data is available in future.

S-wave	fraction
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asymmetry. In the case of Bs ! �l+l� the bin size is chosen as �m = 20 MeV and the corresponding results are

shown in Fig. 9. From these figures, we find that the S-wave contribution can reach 10% in B̄0 ! K�⇡+l+l�, while

it is about 5% in Bs ! K+K�l+l�. It is necessary to stress that there is a sign ambiguity in the forward-backward

asymmetry dAK
FB/dq

2 from the use of Watson theorem. However, the magnitude shown in panel (c) is sizable and

thus measurable in future. Since this quantity dAK
FB/dq

2 arises from the S-wave and P-wave interference, it can be

used to constrain the S-wave meson-meson scattering when precise data is available in future.

Decay	widths:	
Red:	total

Black:	P-wave
Blue:S-wave	

𝐹' = 0.101 ± 0.017 ± 0.009	
LHCb:1606.04731

M.Döring,U.G.Meißner,WW,1307.0947
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Scalar	form	factors	in	χPT
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FIG. 6: The non-strange and strange ⇡⇡ and KK̄ scalar form factors obtained in the unitarized chiral perturbation theory.

The modulus, real part and imaginary part are shown in solid, dashed and dotted curves.

The expressions for the Ri are obtained by matching the unitarization and chiral perturbation theory [51, 80]:
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where the factor 1/3 in Rs
1

(s) is missing in Ref. [51].

With the above formulae and the fitted results for the low-energy constants Lr
i in Ref. [51] (evolved from M⇢ to

f0(980) 
a dip

f0(980): 
a bump
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LCSR+χPT： WW,R.Zhu,1502.15104 LHCb:1412.6433
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We have only started to study the heavy flavour
physics…and we need to look from every angle
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Weak decays of doubly heavy baryons
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ū
s
u
d̄

u
c

c

W+

⌅++
cc ⇡+

⇤+
c

K�

⇡+

1
Figure 1: Example Feynman diagram contributing to the decay ⌅++

cc

! ⇤+
c

K�⇡+⇡+.

by a software stage, which fully reconstructs the event [43]. The online reconstruction
incorporates near-real-time alignment and calibration of the detector [44], which in turn
allows the reconstruction of the ⌅++

cc

decay to be performed entirely in the trigger software.
The reconstruction of ⌅++

cc

! ⇤+
c

K�⇡+⇡+ decays proceeds as follows. Candidate
⇤+

c

! pK�⇡+ decays are reconstructed from three charged particles that form a good-
quality vertex and that are inconsistent with originating from any pp collision primary
vertex (PV). The associated PV of a particle is defined to be the PV with respect to which
the particle has the smallest impact parameter �2 (�2

IP), which is the di↵erence in �2 of
the PV fit with and without the particle in question; unless otherwise specified, the PV of
a particle refers to the associated PV. The ⇤+

c

vertex is required to be displaced from its
PV by a distance corresponding to a decay time greater than 150 fs. The ⇤+

c

candidate
is then combined with three additional charged particles to form a ⌅++

cc

! ⇤+
c

K�⇡+⇡+

candidate. These additional particles must form a good-quality vertex with the ⇤+
c

candidate, and the ⇤+
c

decay vertex must be downstream of the ⌅++
cc

vertex. Each of the
six final-state particles is required to pass track-quality requirements, to have hadron-
identification information consistent with the appropriate hypothesis (p, K, or ⇡), and
to have transverse momentum pT > 500MeV/c. To avoid duplicate tracks, the angle
between each pair of final-state particles with the same charge is required to be larger
than 0.5mrad. The ⌅++

cc

candidate must have pT > 4GeV/c and must be consistent with
originating from its PV.

The background level is further reduced with a multivariate selector based on the
multilayer perceptron algorithm [45]. The selector is trained with simulated signal events
and with a control sample of data to represent the background. Simulated signal events are
produced with the standard LHCb simulation software [46–52] interfaced to a dedicated
generator, Genxicc [53–55], for ⌅++

cc

baryon production. In the simulation, the ⌅++
cc

mass and lifetime are assumed to be 3.6GeV/c2 and 333 fs. The background control
sample consists of wrong-sign (WS) ⇤+

c

K�⇡+⇡� combinations. For both signal and
background training samples, candidates are required to pass the selection described above
and to fall within a signal search region defined as 2270 < mcand(⇤+

c

) < 2306MeV/c2 and
3300 < mcand(⌅++

cc

) < 3800MeV/c2, where mcand(⇤+
c

) is the reconstructed mass of the
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Conclusion

Thank you very much for your attention

Vielen Dank!

ØHeavy Flavour Physics

ØFinite Width Problem in B decays

ØWeak decays of Doubly heavy baryons

ØPossible connections with HFP Group at KIT
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2
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Expected(data(sample

4

Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy

Expected	data	sample	@	full	luminosity

Luminosity	pro]ile	of	the	next	generation	B	factory	@	KEK

4

SuperKEKB luminosity projection


Goal of Be!e II/SuperKEKB

9 months/year

20 days/month


In
te

gr
at

ed
 lu

m
in

os
ity

 

(a

b-1
)


Pe
ak

 lu
m

in
os

ity
 


(c
m

-2
s-1

)


Calendar Year


��

• Assumptions:	

- same	commissioning	time	to	reach	
nominal	luminosity	as	in	KEKB	

- 9	months/year	running	
- 20	days/month

R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic

Belle

Expected(data(sample

4

Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy

Expected(data(sample

4

Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy

Expected	data	sample	@	full	luminosity

Luminosity	pro]ile	of	the	next	generation	B	factory	@	KEK

4

SuperKEKB luminosity projection


Goal of Be!e II/SuperKEKB

9 months/year

20 days/month


In
te

gr
at

ed
 lu

m
in

os
ity

 

(a

b-1
)


Pe
ak

 lu
m

in
os

ity
 


(c
m

-2
s-1

)


Calendar Year


��

• Assumptions:	

- same	commissioning	time	to	reach	
nominal	luminosity	as	in	KEKB	

- 9	months/year	running	
- 20	days/month

Experimental Prospect

Belle-II

LHCb


