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Major achievements at Belle 

evidence for direct CPV in B o K+S- 

evidence for B oWQ  
and observation of B oD*WQ  

observation of  b o dJ 

observation of B o K(*)ll  

measurements of CP violation  
in bos decays: B oMKs, K’Ks … 

discovery of X(3872) 

observation of Bs oM J  
710 fb-1 

Belle II  @ SuperKEKB Why to upgrade?  
evidence for D0 mixing 

observation of CPV 
in B meson system 

Wide researche area is possible due to the clean experimental environment  
and well defined initial state in the e+e− experiments  
as well as high luminosity and general purpose detector 

Major achievements at Belle
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 The data are basically consistent with the SM expectations, 
but a couple of 2-3 sigma tensions have been remaining!
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in ab�1 and fb�1 respectively
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FIG. 3: Expected yield enhancement for selected analysis types in Belle II and LHCb (left), and
expected statistical error reduction factors (right).
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SuperKEKB / Belle II
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 SuperKEKB:  

I. Adachi, KEK-FF 2015
5th KEK Flavor Factory Workshop, KEK-FF, 2015 October 26

2018 
Full Belle II detector 

When does Belle II experiment 
start ?

12

2017 
Collision tuning starts w/ partial 
Belle II detector (no VXD)

2016 Feb 
SuperKEKB beam commissioning 
w/o collisions Pe
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Phase-1

Phase-2

Phase-3

50 ab-1 by 2023-2024

L = 8 ⇥ 1035 cm�2s�1

 Complementary to direct searches for NP at the LHC.

 Indirect searches for NP through quantum effects, 
which enable us to explore above TeV scale. 

P. Urquijo, BELLE2-NOTE-PH-2015-004

higher statistics!



SuperKEKB / Belle II schedule

21�

・・・�2016�

JFY2016�

2017� 2018� 2019�

JFY2017� JFY2018� JFY2019�Japan'FY �

Now�

Calendar'year�

SuperKEKB'opera+on'schedule�
28'Jan.'2016'

@B2EB'

phase'1� phase'2� phase'3�

MR'renova+on'for'phase'2,'including'
installa+on'of'QCS'and'Belle'II'

New&schedule&based&on&JFY2016&budget&
w/o'QCS'
w/o'Belle'II�

w/'QCS'
w/'Belle'II'(no'VXD) � w/'full'Belle'II�

Summer'shutdown'
(power'saving)�

DR'commissioning�DR'installa+on'&'startup �

MR'startup � VXD'installa+on �

phase'1� phase'2� phase'3�
Current&schedule&

w/o'QCS'
w/o'Belle'II�

w/'QCS'
w/'Belle'II'(no'VXD) � w/'full'Belle'II�

DR'installa+on'&'startup �

MR'startup � VXD'installa+on �

DR'commissioning�

Summer'shutdown'
(power'saving)�

Summer'shutdown'
(power'saving)�

Summer'shutdown'
(power'saving)�

MR'renova+on'for'phase'2,'including'
installa+on'of'QCS'and'Belle'II'

HER'start�
LER'start�

K. AKAI, SuperKEKB status, schedule and plans, Feb. 1, 2016 @B2GM �
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LHCb vs. Belle II
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 LHCb: 

 Belle II: 
-  well-defined initial state (full reconstruction of B)

- final states with neutrals

- inclusive modes

- final states with missing particles

- huge statistics 
- (very) rare decays to clean final states

Bd,s ! µ+µ�, B ! K⇤µ+µ�, · · ·

B ! ⇡0⇡0, B ! KS⇡
0, B ! KS⇡

0�, · · ·

B ! Xs�, B ! Xs`
+`�, · · ·

B ! ⌧⌫, B ! D(⇤)⌧⌫, B ! K(⇤)⌫⌫, · · ·

- very clean environment
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Competition and complementarity
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FIG. 4: Precision projection profiles for various time dependent CP violation measurements.
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FIG. 5: Precision projection profiles for various direct CP violation measurements.
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IV. SEMILEPTONIC B DECAYS

The Belle |V
ub

| exclusive precision value is taken from a naive average of the hadron tagged
and untagged partial branching fraction measurements in the LQCD safe region at high q2.
The LHCb result, based on a measurement of ⇤

b

! pµ⌫ was shown at Moriond Electroweak
2015. The breakdown of the statistical and systematic uncertainties has not been provided
yet, however it is assumed that it is dominated by systematic uncertainties given the yield
of the sample and large error in the normalisation mode ⇤

b

! ⇤
c

µ⌫. Exclusive |V
ub

| will
continue to be theory and systematics limited, so it is di�cult to give a reliable projection.
The projections are shown in Table III and Fig. 6.

LHCb is expected to release a measurement of R(B ! D⇤⌧⌫).

TABLE III: Extrapolations for selected semileptonic B decay measurements. See Table I for a
description of the symbols.

Observables Belle II LHCb
Belle 50 ab�1 Run-1 25 fb�1

(�stat,�sys,�th) (�stat,�sys,�th) (�stat,�sys,�th) (�stat,�sys,�th)
|V

ub

| Exclusive Combined (3.0, 2.2, 4.0) (0.2, 0.8, 2.0) (4.6
exp

,5.0) (2.3‡,2.0)
R(B ! D⇤⌧⌫) (,) (,) (,) (,)
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FIG. 6: Precision projection profiles for various semileptonic B decay measurements.

V. CHARM

In charm, the measurements of �A
CP

and A� in hadronic decays (D ! K+K�,
D ! ⇡+⇡�) are the known strength of LHCb, with precision 2⇥ to 3⇥ better than Belle.
Both experiments were highly statistics limited, and therefore the upgrades will see big im-
provements. The large charm cross section and canceled errors in �A

CP

makes it a powerful

9

P. Urquijo, BELLE2-NOTE-PH-2015-004
�3

Comparable!

sin(2�1)

|Vub|

⇤b ! pµ⌫

excl. combined
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S�KS

Belle II Ks eff. wins!
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ACP(B ! K�⇡+)

LHCb wins!



Strong physics cases?
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 What are strong physics cases at Belle II? 

-  High-energy data from ATLAS/CMS (and CDF/D0)

- Flavor data from LHCb, …

- Theoretical progresses (QCD calculations, 
NP models and their constraints, etc.)

- Detailed simulations based on Belle II Monte Carlo

 What’s new after the LOI for SuperKEKB in 2004?

-  More results from Babar/Belle



B2TIP

 Initiative to coordinate a joint theory-experimental 
effort to study the potential impacts of the Belle II 
program. 
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Belle II Theory Interface Platform (B2TiP)

https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP

 Detailed information on B2TiP is available at 

 Close cooperation between experiment and theory is 
essential for progress in this field.

https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP


Committees

Organizing committee: Advisory committee:

Toru Goto (KEK)
Emi Kou (LAL)
Phillip Urquijo (Melbourne) 

Report editors:

Satoshi Mishima (KEK) 

Christoph Schwanda (HEPHY)

Tim Gershon (Warwick)
Bostjan Golob (IJS Ljubljana)
Shoji Hashimoto (KEK)
Francois Le Diberder (LAL)
Zoltan Ligeti (LBL)
Hitoshi Murayama (IPMU)
Matthias Neubert (Mainz)
Yoshihide Sakai (KEK)
Junko Shigemitsu (Ohio)

Hiroaki Aihara (Tokyo) 
Thomas Browder (Hawaii) 
Marco Ciuchini (Rome3)
Thomas Mannel (Siegen) 

Ex officio: 

Belle2 physics coordinator

KEK-FF advisory

Belle2 spokesperson

Belle2 EB chair

KEK-FF advisory
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blue = th.black = exp.



WGs and Coordinators

G. De Nardo (Naples), A. Zupanc (IJS Slovenia), 
A. Kronfeld (Fermilab), F. Tackmann (DESY), M. Tanaka (Osaka), R. Watanabe (IBS)

A. Ishikawa (Tohoku), J. Yamaoka (PNNL), T. Feldman (Siegen), U. Haisch (Oxford)

L. Li Gioi (MPI Munich), S. Mishima (KEK), J. Zupan (Cincinnati)

J. Libby (Madras), M. Blanke (KIT), Y. Grossman (Cornell)

P. Goldenzweig (KIT), M. Beneke (TUM), C.-W. Chiang (NCU), S. Sharpe (Washington)

G. Casarosa (Pisa), A. Schwartz (Cincinnati), A. Kagan (Cincinnati), A. Petrov (Wayne)

B. Fulsom (PNNL), C. Hanhart (Juelich), R. Mizuk (ITEP), R. Mussa (Torino), 
C. Shen (Beihang), Y. Kiyo (Juntendo), A. Polosa (Rome), S. Prelovsek (Ljubljana)

K. Hayasaka (Niigata),T. Ferber (UBC), J. Hisano (Nagoya), E. Passemar (Indiana)

F. Bernlochner (Bonn), R. Itoh (KEK), Y. Sato (Nagoya), 
J. Kamenik (IJS Ljubljana), U. Nierste (KIT), L. Silvestrini (Rome), S. Simula (Rome3)

WG1: Semileptonic & Leptonic B decays

WG2: Radiative & Electroweak Penguins

WG3: alpha = phi_2 & beta = phi_1

WG4: gamma = phi_3

WG5: Charmless Hadronic B Decay

WG6: Charm

WG7: Quarkonium(like)

WG8: Tau, low multiplicity & EW

WG9: New Physics
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blue = th.black = exp.

43 coordinators!



B2TiP Report

 Outcome = Summary Report

- Experimentally and theoretically achievable precisions 
of some important observables (“golden modes”) 
and their impacts on the understanding of the SM and 
beyond. 

- Milestone table to clarify the targets for the first 5 to 
10 ab-1 of data, as well as for the final goal at 50 ab-1.

-  To be published as a KEK Report before the Belle II 
physics run (2017-). 

- New developments in detectors, simulations, softwares 
and theory.
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Report planning

 Phase 1:  Planning and discussion

 Phase 2:  Work on the physics analysis, write draft

 Phase 3:  Editing

 Publish

Identify “golden modes” 
Propose and discuss the layout of the sections
Identify resources and share the work

Detailed studies of the golden modes 
Studies based on Belle II simulation where possible
Draft theory and experimental sections

Finalize performance parameters from Belle II simulation
Final editing
Finalize physics analyses

by the end of 2016

2016

2015-2016

2014-2015

12 Satoshi Mishima (KEK)/35

We are here!
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Vittorio Lubicz (Rome)!

Jernej Kamenik (IJS Ljubljana)!

Emi Kou (LAL-Orsay)!
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REPORT PLANNING

Phase 1(2014)

• Identifying the ‘Golden 
channels’

Phase II (2015)

• Detailed studies (theory 
uncertainties, experimental 

simulations) 

• New ideas???
Phase III (2016) 

• Finalizing the analysis/text

• Editing

Krakow workshop (~100 participants)

11/15 
WG2 & WG9 

PNNL mini-workshop

02/15 
WG9 

KIT mini-workshop

10/14 
WS-KEK 
& KEK-FF

4/15 
WS (Krakow) 

10/15 
WS-KEK 
& KEK-FF

~11/16 
Report Camp  

@ MIAPP(Munich)

5/16 
WS (Pittsburgh) 

 Feb. 2014:  Approval at the Belle II executive board.

 B2TIP workshops at KEK (2014), Krakow (2015) and 
KEK (2015), and mini-workshops, so far.

2/16 
WG2 & WG9 

LAL mini-workshop
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 In 2016, 4th workshop at Pittsburgh and Report Camp 
(editorial meeting) at Munich. 
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Golden modes

 Each WG has proposed top priority observables 
(Belle II golden modes), and has been scrutinizing them 
by estimating the theoretical uncertainties and the 
achievable precision at Belle II with 5, 10 and 50 ab-1 
of data.   

 Selection criteria for golden modes:

- Sensitivity to NP is much better than Belle

e.g., 

- Sensitivity is much better than (or 
competitive to) LHCb

- Significant impact on NP study
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WG1:  Semileptonic & Leptonic B decays

 Purely leptonic B decays:   B ! ⌧⌫, B ! µ⌫

 B ! D(⇤)⌧⌫

 Inclusive Vcb: 

 Exclusive Vub: 

 Inclusive Vub: 

B ! ⇡`⌫

B ! Xu`⌫

B ! Xc`⌫

 and (semi-)leptonic Bs decays at ⌥(5S)

Talk by M. Tanaka
-  Measurements of R, q2 distribution, and polarization/angular analysis

-  Spectra and moments of kinematical distributions

-  Rate and spectra of variables (q2, E_l)

-  Precise measurement of differential distributions

Missing energy = Belle II golden modes
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HFAG Average (EPS-HEP 2015)

SM Prediction
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BelleII, 50ab-1

R(D)

K. Hara at the LAL mini-workshop

Examples of sensitivity plots
 Combined analysis with SuperIso: 

Introduction
• Combined analysis of has been done using SuperIso.

– B Æ D(*) τν, B Æ τν, b Æ sγ, …
– Chi-squared approach

– Relative accuracy of observables

at SM points are kept at NP points.

(e.g.) σX
SM/XSM = σX

NP/XNP

2

𝜒2 =  𝑖 𝜒𝑖2,   𝜒𝑖2 =
𝑥𝑖
exp−𝑥𝑖

theory 2

𝜎𝑖
exp 2

+ 𝜎𝑖
theory 2 =

Δ𝑥𝑖 2

𝜎𝑖
2

(𝑥𝑖 : ith observable)

1. B Æ D*τν : 0.293 ± 0.038 ± 0.015

• Belle, PRD 92, 072014 (2015)

2. B Æ D τν : 0.375 ± 0.064 ± 0.026

• Belle, PRD 92, 072014 (2015)

3. B Æ τν : (0.91±0.23)×10-4

• Belle average by semilept- & had-tag
PRD 92, 051102(R) (2015), PRL 110, 131801(2013)

Excl. at
5σ
4σ
3σ
2σ
1σ 

9
5

%
 C

.L.

@Type-II 2HDM

Y. Sato

 Belle II sensitivity: 



        in 
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WG2:  Radiative & Electroweak Penguins

 Acp in  

 BF and Acp in                

    Acp in 

B ! Xs`
+`�

 TCPV in                     and               (WG2&WG3)

B ! Xs+d�

B ! Xs�

B ! Xd�

B ! KS⇡
0� B ! ⇢�

�

B(B ! K(⇤)⌫⌫̄)

RXs

 

RK =
B(B ! Kµµ)

B(B ! Kee)
= 0.745+0.090

�0.074 ± 0.036

LHCb anomalies in P5’ and 
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Anomaly? LHCb, 1512.04442

DHMV = Descotes-Genon, Hofer, Matias & Virto (2014)

K⇤B

`

�
`

O � Hhad
e�

LCSR estimate
Khodjamirian et al. (2010)
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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].
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2.8� 3.0�

In the �

2 fit, the correlations between the di↵erent observables are taken into account.
The floating parameters are Re(C9) and a number of nuisance parameters associated with
the form factors, CKM elements and possible sub-leading corrections to the amplitudes.
The sub-leading corrections to the amplitudes are expected to be suppressed by the size of
the b-quark mass relative to the typical energy scale of QCD. The nuisance parameters are
treated according to the prescription of Ref. [11] and are included in the fit with Gaussian
constraints. In the �

2 minimisation procedure, the value of each observable (as derived
from a particular choice of the theory parameters) is compared to the measured value.
Depending on the sign of the di↵erence between these values, either the lower or upper
(asymmetric) uncertainty on the measurement is used to compute the �

2.
The minimum �

2 corresponds to a value of Re(C9) shifted by �Re(C9) = �1.04± 0.25
from the SM central value of Re(C9) = 4.27 [11] (see Fig. 14). From the di↵erence in �

2

between the SM point and this best-fit point, the significance of this shift corresponds to
3.4 standard deviations. As discussed in the literature [9–12,14–21], a shift in C9 could be
caused by a contribution from a new vector particle or could result from an unexpectedly
large hadronic e↵ect.

If a fit is instead performed to the CP -averaged observables from the moment analysis
in the same q

2 ranges, then �Re(C9) = �0.68 ± 0.35 is obtained. As expected, the
uncertainty on �Re(C9) is larger than that from the likelihood fit. Taking into account the
correlations between the two methods, the values of �Re(C9) are statistically compatible.

)9C(Re
3 3.5 4 4.5

2
χ

∆

0

5

10

15

LHCb

SM

Figure 14: The ��2 distribution for the real part of the generalised vector-coupling strength, C9.
This is determined from a fit to the results of the maximum likelihood fit of the CP -averaged
observables. The SM central value is Re(CSM

9 ) = 4.27 [11]. The best fit point is found to be at
�Re(C9) = �1.04± 0.25.

30O9 = (s̄�µPLb)(¯̀�
µ`)

CNP
9 < 0

��CNP
9 /CSM

9

�� ⇠ 25%



Possible interpretations

K⇤B

`

�
`

O � Hhad
e�

O9 = (s̄�µPLb)(¯̀�
µ`)CNP

9 < 0

c

Z ′

b
s

µ+

µ−

 NP contribution, e.g., from Z’

 Underestimate of SM uncertainty    
from long-distance charm loops
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Results from HEPfit

P 0
5 =

S5p
FL(1 � FL)

Figure 1. Results of the full fit and experimental results for the B ! K⇤µ+µ� angular observables.
Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.

– 7 –

Figure 1. Results of the full fit and experimental results for the B ! K⇤µ+µ� angular observables.
Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.

– 7 –

Figure 1. Results of the full fit and experimental results for the B ! K⇤µ+µ� angular observables.
Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.

– 7 –

Figure 1. Results of the full fit and experimental results for the B ! K⇤µ+µ� angular observables.
Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.

– 7 –

Observable q

2 bin [GeV2] measurement full fit prediction pull

A
FB

[0.1, 0.98] �0.004± 0.059 �0.101± 0.006 �0.103± 0.007 -
[1.1, 2.5] �0.196± 0.074 �0.193± 0.019 �0.201± 0.023 -
[2.5, 4] �0.125± 0.082 �0.079± 0.022 �0.077± 0.024 -
[4, 6] 0.025± 0.050 0.046± 0.026 0.059± 0.031 -
[6, 8] 0.152± 0.041 0.134± 0.034 0.121± 0.070 -

F
L

[0.1, 0.98] 0.264± 0.048 0.280± 0.036 0.268± 0.038 -
[1.1, 2.5] 0.667± 0.084 0.698± 0.029 0.686± 0.035 -
[2.5, 4] 0.874± 0.094 0.744± 0.025 0.736± 0.028 -
[4, 6] 0.610± 0.056 0.657± 0.026 0.671± 0.030 -
[6, 8] 0.577± 0.047 0.571± 0.034 0.525± 0.070 -

S3

[0.1, 0.98] �0.036± 0.063 0.001± 0.008 0.002± 0.008 -
[1.1, 2.5] �0.085± 0.097 �0.001± 0.013 0.002± 0.014 -
[2.5, 4] 0.043± 0.094 �0.013± 0.010 �0.015± 0.010 -
[4, 6] 0.036± 0.068 �0.032± 0.015 �0.033± 0.015 -
[6, 8] �0.043± 0.059 �0.052± 0.028 �0.016± 0.052 -

S4

[0.1, 0.98] 0.084± 0.069 0.013± 0.025 �0.012± 0.025 -
[1.1, 2.5] �0.077± 0.112 �0.032± 0.015 �0.041± 0.018 -
[2.5, 4] �0.240± 0.138 �0.089± 0.010 �0.088± 0.011 -
[4, 6] �0.218± 0.085 �0.120± 0.008 �0.119± 0.009 -
[6, 8] �0.296± 0.066 �0.132± 0.009 �0.114± 0.018 -

S5

[0.1, 0.98] 0.171± 0.062 0.275± 0.030 0.302± 0.026 -
[1.1, 2.5] 0.135± 0.096 0.181± 0.048 0.217± 0.061 -
[2.5, 4] �0.019± 0.107 �0.057± 0.044 �0.066± 0.049 -
[4, 6] �0.146± 0.078 �0.180± 0.040 �0.200± 0.046 -
[6, 8] �0.249± 0.063 �0.234± 0.049 �0.154± 0.105 -

S7

[0.1, 0.98] 0.016± 0.058 �0.042± 0.017 �0.044± 0.017 -
[1.1, 2.5] �0.225± 0.099 �0.069± 0.045 �0.037± 0.052 -
[2.5, 4] 0.072± 0.116 �0.058± 0.050 �0.087± 0.056 -
[4, 6] �0.018± 0.082 �0.045± 0.044 �0.047± 0.054 -
[6, 8] �0.045± 0.064 �0.047± 0.052 �0.004± 0.112 -

S8

[0.1, 0.98] 0.079± 0.078 0.006± 0.028 0.000± 0.025 -
[1.1, 2.5] �0.106± 0.115 �0.003± 0.018 �0.010± 0.018 -
[2.5, 4] 0.028± 0.125 �0.004± 0.012 �0.004± 0.013 -
[4, 6] 0.170± 0.095 �0.002± 0.015 �0.006± 0.014 -
[6, 8] �0.086± 0.073 0.001± 0.021 0.009± 0.029 -

S9

[0.1, 0.98] �0.083± 0.060 �0.002± 0.007 0.001± 0.007 -
[1.1, 2.5] �0.126± 0.094 �0.001± 0.014 �0.000± 0.014 -
[2.5, 4] �0.101± 0.117 0.001± 0.009 0.001± 0.010 -
[4, 6] �0.032± 0.073 �0.001± 0.014 0.003± 0.014 -
[6, 8] �0.026± 0.061 �0.007± 0.032 �0.018± 0.052 -

BR · 107
[0.1, 2] 0.58± 0.09 0.65± 0.04 0.66± 0.85 0.5
[2, 4.3] 0.29± 0.05 0.34± 0.03 0.36± 0.04 0.9

[4.3, 8.68] 0.47± 0.07 0.48± 0.05 0.50± 0.12 0.1

BR

B!K

⇤
�

· 105 4.33± 0.15 4.35± 0.14 4.75± 0.57 0.7

P 0
5

[0.1, 0.98] 0.392± 0.146 0.781± 0.101 0.872± 0.087 -
[1.1, 2.5] 0.297± 0.209 0.409± 0.104 0.485± 0.129 -
[2.5, 4] �0.076± 0.351 �0.133± 0.103 �0.153± 0.115 -
[4, 6] �0.301± 0.157 �0.383± 0.087 �0.430± 0.102 -
[6, 8] �0.505± 0.120 �0.477± 0.102 �0.314± 0.215 -

Table 2. Experimental results (with symmetrized errors), results from the full fit, predictions and
pulls (for uncorrelated observables only; see Tab. 4 for the remaining ones) for B ! K⇤µ+µ� BR’s
and angular observables. The predictions are obtained removing the corresponding observable from
the fit. For the angular observables, since their measurements are correlated in each bin, we remove
from the fit the experimental information on all angular observables in one bin at a time to obtain
the predictions. See the text for details. We also report the results for BR(B ! K⇤�) (including
the experimental value from ref. [64, 72–74]) and for the optimized observable P 0

5. The latter is
however not explicitly used in the fit as a constraint, since it is not independent of FL and S5.

The reader may wonder how the results presented so far depend on our assumptions
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No significant discrepancy!

M. Ciuchini, M. Fedele, E. Franco, S.M. , A. Paul, 
L. Silvestrini & M. Valli, arXiv:1512.07157

Non-factorizable charm loop has been fitted from the data. 



 Inclusive                     has a complementary role in 
NP search to exclusive                        .
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B ! K(⇤)`+`�

 Theoretically cleaner

at Belle II

B ! Xse
+e� B ! Xsµ

+µ� both

 95% constraints on the high-scale WCs: Ri =
Ci(µ0)

CSM
i (µ0)

Belle II (50 ab-1)

AFB

T. Huber, T. Hurth & E. Lunghi, arXiv:1503.04849
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Belle II sensitivity

Figure 10: 1, 2 and 3� predictions for the branching ratio at low- and high-q2 within the model-
independent analysis. Future measurement at the high-luminosity Belle-II Super-B-Factory
assuming the best-fit point of the model-independent analysis as central value (black) and the
SM predictions (red/grey).

Figure 11: 1, 2 and 3� predictions for the unnormalised forward-backward asymmetry in bin 1
(1 < q2 < 3.5 GeV2) and in bin 2 (3.5 < q2 < 6 GeV2) within the model-independent analysis.
Future measurement at the high-luminosity Belle-II Super-B-Factory assuming the best-fit point
of the model-independent analysis as central value (black) and the SM predictions (red/grey).

5 Conclusions

We present here for the first time global fits to the complete b ! s`` dataset available from
B factories and from LHC, in particular addressing the two observed tensions in the angular
analysis of the exclusive decay B ! K⇤µ+µ� and the ratio RK . We perform several global fits
using di↵erent sets of two or four vector and axial vector operators allowing for non-universality.

Comparing the 4-operator and 2-operator fit results we have shown that while considering
2-operator fits can be illustrative for where in the parameter space new physics could be found
it can be too restrictive and maybe even misleading since a large area of new physics parameter
space might be unjustifiably overlooked.

Considering the full set of 8 semileptonic operators {Cµ
9 , C

0µ
9 , Ce

9 , C
0e
9 , Cµ

10, C
0µ
10, C

e
10, C

0e
10} and

comparing the minimum �2 of the di↵erent subsets can lead to a determination of the most

12

SM prediction

Belle II projection 
(50 ab-1)

current global fit

Future measurements of the inclusive observables 
at Belle II will allow for a powerful crosscheck!

T. Hurth, F. Mahmoudi & S. Neshatpour, arXiv:1410.4545
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WG3:  alpha = phi_2 & beta = phi_1

Time-dependent analysis = Belle II golden modes

Bd ! J/ KS

B ! ⇡⇡ B ! ⇡⇢ B ! ⇢⇢

Bd ! ⌘0KSBd ! �KS

Bd ! KS⇡
0�

       :�1

Bd ! ⇡0KS

�2       :

-  isospin analysis

 Radiative decay (WG2&WG3):

-  sensitive to the RH current

-  sensitive to NP



Golden mode 
 
 
 
 
 
 

 
 
• Same final state for D and 𝐷  � interference � the possibility of 

DCPV 
• Three types of D final states generally used 

• CP-eigenstates  [GLW] 
• Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991) 

• K+X� (X�=S�, S� S0, S�S� S+) - CF and DCS [ADS] 
• Atwood, Dunietz & Soni, PRD 63, 036005 (2001) 

• Self-conjugate multibody states: KSh+h�  [Dalitz] 
• Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished) 

• None of the above (SCS): KSK+S � [GLS] 
• Grossman, Ligeti and Soffer, Phys. Rev. D67 071301 (2003) 

4/29/2015 WG4 summary 3 
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Also, an annihilation process, 
but depends on same CKM  
elements  
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WG4:  gamma = phi_3
                    : free of theoretical uncertainties, since 
hadronic param’s can be determined from data
B� ! DK�
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Toy impact plots for the CKM fit
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 Reducing only the errors of the angles at the current 
moment for an exercise. 

The angle measurements will be improved significantly!
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WG5:  Charmless Hadronic B Decay

                system, with emphasis on           (WG3&WG5)B ! K⇡ KS⇡
0

-  time-dependent CPV,  isospin sum rule,                 puzzle

   B ! K⇤⇡, B ! K⇢

-  isospin sum rule

   

   
   

B ! K⇤⇢

-  comparisons with the above channels

Bs ! K0K̄0

Bs ! �⇡0

Final states with neutral particles = Belle II golden modes

B ! K⇡
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WG6:  Charm Talk by M. Staric

12 Charm flavour
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- NP searches

- important for lattice QCD

- e.g., light dark matter searches

- TDCPV & mixing, time-integrated analyses, Acp
- time-integrated analyses, Acp

- TDCPV & mixing, Dalitz plot analyses

Giulia Casarosa 3rd B2TiP ~ KEK 3

General Comments from the Experimental Side

A. Schwartz

� Need basf2 simulation studies in order to have a better estimate of the expected 
precision that takes into account improvements in the detector & reconstruction 
techniques for the other channels 

• the impact of the better time resolution on the mixing parameters has been 
evaluated with basf2 simulation + ToyMC

� good criteria to select among the 
many channels and observables  



28 Satoshi Mishima (KEK)/35

WG7:  Quarkonium(like)

WG7 summary at the 3rd B2TiP workshop
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WG8:  Tau, low multiplicity & EW

 

Talk by K. Hayasaka

WG8 summary at the 3rd B2TiP workshop
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WG9:  New physics

 NP WG tasks:
-  Benchmark models/points for 5, 10, 50 ab-1 of data 

with a milestone table for given NP models (providing 
theoretical predictions for various Belle II golden 
modes with those models). 

-  Model-dependent and model-independent fits, aiming 
at making sensitivity (impact) plots for model 
parameters with the inputs from WG1-8.

-  Relation to measurements from other exp’s (e.g., LHC, 
neutrino, dark matter, future exp’s)

-  Evaluation and developments of theory codes toward 
producing global fits.

 Those will be discussed intensively at the Pittsburgh 
workshop in May!
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To do

• 4th B2TIP workshop at Univ. of Pittsburgh (23-25 May)

• Report Camp (Editorial meeting) at MIAPP (Nov)

• and small editorial meetings

 Complete the chapters, and review, edit and proofread 
them. 

 Work on detailed simulations of the golden modes. 

 Create Belle II impact (sensitivity) plots for NP searches. 

34 Satoshi Mishima (KEK)/35

 Finalize the report by the end of 2016 before phase 2 of 
the SuperKEKB operation starts. 
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Summary

 B2TiP is a joint theory-experiment effort to study the 
potential impacts of the Belle II program, which are 
complementary/competitive to those of the LHC and 
of other experiments at intensity frontiers. 

 The most important outcome will be a KEK report, 
which summarizes important observables (“golden modes”) 
at Belle II with their achievable precision and their impact 
on our understanding of the SM and/or NP. 

~ by the end of 2016

 Please stay tuned and join the B2TiP activity!

https://kds.kek.jp/indico/event/19723/

4th B2TiP workshop, Pittsburgh, May 23-25

early registration by Apr. 15!

                                         Oct. 28, 20156 B2TiP / V. Savinov

The city of Pittsburgh

https://kds.kek.jp/indico/event/19723/
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Figure 3. Results of the fit for |eg1,2,3| defined in ref. [46] as a function of q2 together with the
phenomenological parametrization suggested in the same paper.

Parameter Absolute value Phase (rad)

h
(0)
0 (5.3± 2.4) · 10�4

3.44± 0.78

h
(1)
0 (3.4± 2.6) · 10�4 �0.07± 1.1

h
(2)
0 (3.5± 3.0) · 10�5

3.1± 1.7

h
(0)
+ (4.0± 4.0) · 10�5 �0.1± 1.5

h
(1)
+ (1.3± 9.7) · 10�5 �0.7± 1.3

h
(2)
+ (2.5± 1.8) · 10�5

2.9± 1.4

h
(0)
� (2.4± 1.5) · 10�4

1.83± 0.66 [ 4.73± 0.88

h
(1)
� (1.2± 9.3) · 10�5 �0.93± 0.70 [ 1.15± 0.92

h
(2)
� (2.5± 1.5) · 10�5

0.05± 1.0

Table 7. Results for the parameters defining the nonfactorizable power corrections h� obtained
without using the numerical information from ref. [46].
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       Satoshi Mishima (KEK)

Fit result of the hadronic contributions

NP contribution in C7 and/or C9 cannot 
reproduce such a q2 growing behaviour.

DISCLAIMER

g̃ ⌘ �C(non pert.)

9 /(2C1)

EXTRACTING THE NON-PERTURBATIVE
HADRONIC CONTRIBUTION

see arXiv:1006.4945

20

The hadronic cont’s extracted from the data are 
compatible with the LCSR estimate for                    
and seem to grow towards charm resonances. 

q2 . 1 GeV2
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Figure 2. P.d.f. for the hadronic parameter |h(2)
� | obtained using the numerical information from

ref. [47] for q2  1 GeV2.

We close this section by comparing the above scenarios using the Information Criterion
[76, 77], defined as

IC = �2logL+ 4�2
logL , (3.1)

where logL is the average of the log-likelihood and �2
logL is its variance. Preferred models

are expected to give smaller IC values. If we ignore the constraints from the calculation
in ref. [47], we obtain IC ⇠ 78; using the calculation of ref. [47] at q2  1 GeV2 yields
IC ⇠ 87; doing the same but dropping the h

(2)
�

terms gives IC ⇠ 92, while using the model
of ref. [47] over the full q2 range yields IC ⇠ 120. This confirms that the phenomenological
model proposed in ref. [47] does not give a satisfactory description of experimental data,
while the Standard Model supplemented with the hadronic corrections in eq. (2.6) provides
a much better fit, even when the results of ref. [47] at q2  1 GeV2 are used. In this case,
a nonvanishing q4 term is preferred.
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       Satoshi Mishima (KEK)

Fit result of the hadronic contributions

Parameter Absolute value Phase (rad)

h
(0)
0 (5.3± 2.2) · 10�4

3.41± 0.74

h
(1)
0 (2.3± 1.7) · 10�4 �0.1± 1.2

h
(2)
0 (2.7± 2.1) · 10�5 �0.1± 1.7

h
(0)
+ (7.0± 6.3) · 10�6

0.0± 1.7

h
(1)
+ (4.1± 3.0) · 10�5 �0.9± 1.6

h
(2)
+ (1.6± 1.1) · 10�5

3.0± 1.6

h
(0)
� (4.7± 2.0) · 10�5

3.2± 1.5

h
(1)
� (4.9± 3.6) · 10�5

0.0± 1.8

h
(2)
� (2.7± 1.1) · 10�5

0.01± 0.76

Table 6. Results for the parameters defining the nonfactorizable power corrections h� obtained
using the numerical information from ref. [46] for q2  1 GeV2.

|h
(2)

−
|

0 0.05 0.1 0.15 0.2

3−

10×

P
ro

b
a

b
ili

ty
 d

e
n

si
ty

0

10000

20000

30000

Figure 2. P.d.f. for the hadronic parameter |h(2)
� | obtained using the numerical information from

ref. [46] for q2  1 GeV2 .
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approximation worsens as q2 increases and breaks down at q2 ⇠ 4m2
c

, as each additional
soft gluon exchange is suppressed by a factor 1/(q2�4m2

c

). In ref. [46] the authors proposed
also a phenomenological model interpolating their result at q2 ⇠ 1 GeV2 with a description
of the resonant region based on dispersion relations. While this model is reasonable, clearly
there are large uncertainties in the transition region from q2 ⇠ 4 GeV2 to m2

J/ 

. Therefore,
we consider the result of ref. [46] at q2 . 1 GeV2 as an estimate of the charm loop effect,
but allow for larger effects as q2 grows and reaches values of O(4m2

c

).
While Qc

1,2 are expected to dominate the h ¯K⇤�⇤|Hhad
e↵ | ¯Bi matrix element, the effect of

all operators in the hadronic Hamiltonian can be reabsorbed in the following parameteri-
zation, generalizing the one in ref. [47]:

h
�

(q2) =

✏⇤
µ

(�)

m2
B

Z
d4xeiqxh ¯K⇤|T{jµem(x)Hhad

e↵ (0)}| ¯Bi

= h
(0)
�

+

q2

1GeV

2h
(1)
�

+

q4

1GeV

4h
(2)
�

, (2.6)

where � = +,�, 0 represents the helicity. Notice that h(0)
�

and h
(1)
�

could be reinterpreted as
a modification of C7 and C9 respectively, while the term h

(2)
�

that we introduce to allow for a
growth of long-distance effects when approaching the charm threshold cannot be reabsorbed
in a shift of the Wilson coefficients of the operators in eq. (2.1). We notice here the crucial
point regarding NP searches in these processes: one cannot use data to disentangle long-
distance contributions such as h

(0,1)
�

from possible NP ones, except, of course, for NP-
induced CP-violating effects and/or NP contributions to operators other than C7,9. Thus,
in the absence of a more accurate theoretical estimate of h

�

(q2) over the full kinematic
range it is hardly possible to establish the presence of NP in C7,9, unless its contribution is
much larger than hadronic uncertainties. In this work we show that hadronic contributions
are sufficient to reproduce the present data once all the uncertainties are properly taken into
account. We conclude that, given the present hadronic uncertainties, the NP sensitivity
of these decays is washed out. In order to recover it, a substantial reduction of these
uncertainties is needed. This however requires a theoretical breakthrough in the calculation
of the hadronic amplitude in eq. (2.6).

The h
�

(q2) are related to the g̃Mi functions defined in ref. [46] as follows:

g̃M1
= � 1

2C1

16m3
B

(m
B

+m
K

⇤
)⇡2

p
�(q2)V (q2)q2

�
h�(q

2
)� h+(q

2
)

�
,

g̃M2
= � 1

2C1

16m3
B

⇡2

(m
B

+m
K

⇤
)A1(q2)q2

�
h�(q

2
) + h+(q

2
)

�
, (2.7)

g̃M3
=

1

2C1

"
64⇡2m3

B

m
K

⇤
p
q2(m

B

+m
K

⇤
)

�(q2)A2(q2)q2
h0(q

2
)

�16m3
B

⇡2
(m

B

+m
K

⇤
)(m2

B

� q2 �m2
K

⇤)

�(q2)A2(q2)q2
�
h�(q

2
) + h+(q

2
)

��
,

where the form factor definition is given in Appendix A. Notice that the nonfactorizable
contribution to �Ci

9(q
2
) is given by 2C1g̃

M
i . For the reader’s convenience, we also give the

– 4 –

The first and second terms could be reinterpreted as 
a modification of C7 and C9, respectively. 

disfavors NP 
interpretation?


