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What is B2TiP? 

KEK where Belle II is hosted is the natural gathering point where 
flavour physics experts meet to discuss and develop topics of  

flavour physics for Belle II. 

Deliverable: “KEK green report” (B2TiP report)

NEW IDEAS

What’s new in Belle II 
compared to Babar/Belle?

➡ Efficiencies and precision of 
the new hardware

➡ New analysis softwares and 
methods 

What’s new in theory after Babar/
Belle & LHCb result?

➡ Progresses in QCD
➡ New physics models and their 

constraints 
➡ New observables

FEB 2014 : approved at the executive board at Belle II collaboration



Goal of  B2TiP Report 

• Focus mainly on the recent developments.

• A coherent “book” providing useful information for new 
Belle II members and graduate students. 

• Roadmap for the future measurements should be 
discussed. The priorities from theorists’ point of  view 
should be well stated.

• The report should be completed before the data taking 
starts (~ early 2017).  
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Final Version 
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Numbers and Figures are frozen at this point  
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MIAPP topical workshop

✓ local organizers : Thomas Kuhr & Christoph Bobeth 

http://indico.universe-cluster.de/indico/conferenceDisplay.py?ovw=True&confId=3666

✓ each WG presents the synthesis and the highlight of  their chapter

✓ detailed discussions to improve each chapters by all participants

✓ discussions on the milestone/roadmap of  Belle II

✓ discussions on after B2TIP Report

✓ IMPORTANT: all the participants must read the relevant WG 
chapters before arriving to MIAPP. 

14th - 17th November 2016

One session dedicated 
to proposals from the 
MIAPP workshop 



MIAPP topical workshop

✓ local organizers : Thomas Kuhr & Christoph Bobeth 

http://indico.universe-cluster.de/indico/conferenceDisplay.py?ovw=True&confId=3666

✓ each WG presents the synthesis and the highlight of  their chapter

✓ detailed discussions to improve each chapters by all participants

✓ having consensus on theoretical issues 

✓ discussions on the milestone/roadmap of  Belle II

✓ discussions on after B2TIP Report

✓ IMPORTANT: all the participants must read the relevant WG 
chapters before arriving to MIAPP. 

14th - 17th November 2016

If  you are leaving before the 
4th week, please leave your 

comments to the MIAPP organizers 
or simply write to me !!  

Contributions 
from graduate 

student are most 
welcome! 

We will 
distribute the version 2 

document next week so that all the 
participants can read and prepare 

their comments!  
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1.1 Introduction24

Semileptonic and leptonic decays have at least one25

neutrino in the final state, hence improvements to26

the detector acceptance, efficacy of particle detec-27

tion, and tagging efficiencies have a large impact28

on physics potential. the slightly reduced beam29

energy asymmetry at Super KEKB leads to a small30

increase in solid angle coverage. Improved particle31

identification, and KS reconstruction efficiency im-32

proves separation between b → u and b → c → s33

transitions. Dedicated low momentum tracking34

algorithms will improve tagging efficiencies and35

rejection of events with a D∗ slow pions in b→ u36

analyses.37

1.2 Leptonic B decays38

Authors: G. De Nardo (exp.), M. Merola (exp.),39

R. Watanabe (th.)40

Theory motivation41

test of detector performance42

– Btag reconstruction efficiency43

– extra track, π0, and KL vetoes44

– extra energy in the calorimeter resolution45

B → τν, µν measurement46

In the SM, the pure leptonic B meson decays47

are predicted at the tree level and their branching48

ratios are given by49

B(B− → �−ν̄�)SM ≡ B�

=
τBG2

F |Vub|2f2
B

8π
mBm2

�

�
1−

m2
�

m2
B

�2

, (1.1)

for � = e, µ, and τ , where Vub and fB are the CKM50

matrix element and the B meson decay constant,51

respectively. It is proportional to the squared mass52

of the charged lepton derived from the helicity53

suppression of two-body decay.54

Hence, the predictions on the branching ratios55

are hierarchical in the absence of new physics. By56

taking |Vub| = (3.55±0.17)×10−3 from the current57

fit result of the CKM matrix elements [1] and fB =58

(192.0 ± 4.3) MeV from the FLAG summary [2],59

the reference values for the SM predictions are60

obtained as61

Bτ = (7.6± 1.1)× 10−5 , (1.2)

Bµ = (3.7± 0.5)× 10−7 , (1.3)

Be = (8.6± 1.2)× 10−12 . (1.4)

The pure leptonic B meson decays are of interest62

and good tools to not only test the SM but also63

search for new physics at the SuperKEKB/Belle II.64

1

+ G. Ricciardi and 
P. Urquijo
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1.1 Introduction23

In Run I of the LHC, the LHCb collaboration24

has proven that precision flavour physics is25

possible at a hadron collider. Recent highlights26

include the first observation of Bs → µ+µ− and27

evidence for Bd → µ+µ− [1], angular analyses in28

B → K∗µ+µ− [2, 3], a determination of RK =29

Br (B+ → K+µ+µ−) /Br (B+ → K+e+e−) [4]30

and a first measurement of B → D∗τντ [5] in a31

hadronic environment.32

In view of these LHCb achievements and the33

prospects that Run II bear, it is important that34

the Belle II program aims for the processes and35

measurements that either LHCb cannot do or36

that Belle II can do significantly better than37

LHCb. This makes fully inclusive measurements38

of B → Xs,dγ and B → Xs�+�− a top priority39

at Belle II. Other golden channels are Bd,s → γγ,40

Bd,s → τ+τ−, B → K(∗)e+e− and B → K(∗)τ+τ−41

and B → K(∗)νν̄ for which Belle II has clear ad-42

vantages with respect to LHCb due to better recon-43

struction efficiencies. Tests of lepton universality44

and searches for missing energy signals in B decays45

provide another avenue that the Belle II program46

has to and can explore.47

1.1.1 Theoretical Basics48

Effective Hamiltonian: After decoupling the

top-quark, the Higgs boson and the electroweak

(EW) gauge bosons, flavour-changing weak in-

teractions relevant for the b → qγ transitions

with q = d, s can be described in the Stan-

dard Model (SM) by the following effective Hamil-

tonian (see e.g. [6, 7])

HSM
eff = −4GF√

2
λ(q)

t

� 8�

i=1

Ci Qi

+ κq

2�

i=1

Ci (Qi −Qu
i )

�
,

(1.1)

where GF is the Fermi constant and we have defined49

κq = λ(q)
u /λ(q)

t = (V ∗
uqVub)/(V ∗

tqVtb). The crucial dif-50

ference between the transitions with d-quarks and51

s-quarks in the final state stems from the distinct52

Cabibbo-Kobayashi-Maskawa (CKM) hierarchy53

λ(s)
u : λ(s)

c : λ(s)
t = O(λ4 : λ2 : λ2) ,

λ(d)
u : λ(d)

c : λ(d)
t = O(λ3 : λ3 : λ3) ,

(1.2)

with the Wolfenstein parameter λ � 0.23 govern-54

ing the size of branching ratios and the respective55

hierarchies of different decay topologies.56

Expressions for the current-current (Q1,2), four-57

quark (Q3,4,5,6), photonic dipole (Q7) and gluonic58

dipole (Q8) operators can be found for instance59

in [8]. Let us quote here the most important ones:60

1
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1.1 Introduction37

• Short introduction to the physics of φ1 and φ238

• Highlights of the WG39

– golden channels40

– estimates of theoretical/experimental41

precision42

– short-term and long-term goals43

–44

1.2 Determination of φ145

1.2.1 sin 2φ1 from b → cc̄s46

Authors: Martin Jung, Dean Robinson47

Precision measurement of the CKM phase φ1 ≡48

arg[−V ∗
cbVcd/(V

∗
tbVtd)] via is a crucial input into the49

CKM unitarity triangle fits. The measurement of50

φ1 sensitively tests for the presence of new physics51

(NP) that affects the phase in neutral B meson52

mixing. An important requirement is that the53

SM uncertainties – to be discussed below – are54

controlled sufficiently well.55

The general strategy for extracting φ1 uses the56

time-dependent CP asymmetry due to the interfer-57

ence between B–B mixing and B decay amplitudes.58

In the SM this measures sin(2φ1) up to CKM-59

suppressed contributions [1]. One considers CP -60

conjugate decays, D : B(t) → f and D̄ : B(t) → f ,61

to a common CP eigenstate f with eigenvalue62

ηf = ±1. The initial (t = 0) states in these decays63

are tagged as CP -conjugate flavor eigenstates, i.e.64

B(0) = B and B(0) = B, respectively. Interfer-65

ence between the two neutral B meson evolution66

eigenstates |B±� = p|B�± q|B� generates the time-67
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1.1 Introduction37

• Short introduction to the physics of φ1 and φ238

• Highlights of the WG39

– golden channels40

– estimates of theoretical/experimental41

precision42

– short-term and long-term goals43

–44

1.2 Determination of φ145

1.2.1 sin 2φ1 from b → cc̄s46

Authors: Martin Jung, Dean Robinson47

Precision measurement of the CKM phase φ1 ≡48

arg[−V ∗
cbVcd/(V

∗
tbVtd)] via is a crucial input into the49

CKM unitarity triangle fits. The measurement of50

φ1 sensitively tests for the presence of new physics51

(NP) that affects the phase in neutral B meson52

mixing. An important requirement is that the53

SM uncertainties – to be discussed below – are54

controlled sufficiently well.55

The general strategy for extracting φ1 uses the56

time-dependent CP asymmetry due to the interfer-57

ence between B–B mixing and B decay amplitudes.58

In the SM this measures sin(2φ1) up to CKM-59

suppressed contributions [1]. One considers CP -60

conjugate decays, D : B(t) → f and D̄ : B(t) → f ,61

to a common CP eigenstate f with eigenvalue62

ηf = ±1. The initial (t = 0) states in these decays63

are tagged as CP -conjugate flavor eigenstates, i.e.64

B(0) = B and B(0) = B, respectively. Interfer-65

ence between the two neutral B meson evolution66

eigenstates |B±� = p|B�± q|B� generates the time-67
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1.1 Introduction15

This working group is dedicated to examining the16

potential to determine the unitarity triangle angle17

φ3 at Belle II. During the first meeting measure-18

ments of φ3 in B− → DK− [1] and related modes19

were discussed. In future meetings we will consider20

the determination of φ3 in charmless B decay and21

in time-dependent analyses in conjunction with22

Working Groups 5 and 3, respectively.23

In general when we talk about B− → DK− we24

refer to a family of related decays like B− decay25

into DK−, D∗K−, DK∗− and D∗K∗− as they are26

all sensitive to φ3 as well. Only the hadronic part27

of the amplitude is different.28

The key feature of B− → DK− decays is that29

they arise solely from the interference of first-order30

tree diagrams of differing weak and strong phases.31

Here, D represents a general superpostion of D0
32

and D
0
. The tree-level nature of the amplitudes33

involved in B− → DK− allows the theoretically34

clean extraction of φ3 (also denoted as γ) definded35

as φ3 ≡ − arg (V ∗
ubVud/V ∗

cbVcd). Improved knowl-36

edge of the unitarity triangle angle φ3 is necessary37

for testing the Standard Model description of CP38

violation. The current precision on φ3 is an or-39

der of magnitude worse than that on φ1 [2] and it40

is the only measurement of the unitarity triangle41

that can be improved significantly by experimental42

advances alone.43

Sensitivity to φ3 can be obtained by study-44

ing CP -violating observables in B → DK+ de-45

cays. There are two tree amplitudes contribut-46

ing to B− → DK− decays: B− → D0K− and47

B− → D
0
K−. The amplitude for the second decay48

is both CKM and colour suppressed with respect49

to that for the first. The ratio of the suppressed50

to favoured amplitudes is written as51

A(B− → D
0
K−)

A(B− → D0K−)
= rBe

i(δB−φ3) ,

where rB ≈ 0.1 is the ratio of magnitudes and δB52

is the strong phase difference. The fact that the53

hadronic parameters rB and δB can be determined54

from data together with φ3 makes these measure-55

ments essentially free of theoretical uncertainties.56

Several different types of D decay are utilized57

to determine φ3. Examples of D decays include58

CP -eigenstates [3, 4], Cabibbo-favoured (CF) and59

doubly-Cabibbo-suppressed (DCS) decays [5, 6],60

self-conjugate modes [7, 8] and singly Cabibbo-61

suppressed (SCS) decays [9]. The different methods62

are known by their proponents initials, which are63

given in Table 1.1, along with theD final states that64

have so far been studied. Note that K0
Sφ has also65

been included in early GLW measurements but has66

been dropped from more recent analyses given that67

the same data forms part of the K0
SK

+K− sample,68

which can be studied with the GGSZ method.69

In the following four sections (i) advances in70

understanding the theoretical cleanliness of these71

modes to extract φ3, (ii) experimental measure-72

ments, (iii) external inputs and (iv) the outlook,73

are reviewed in turn.74
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Few lines of general introduction.28

1.1 Two-body decays29

Introduction and theoretical developments.30

1.1.1 B meson light-cone distribution31

[Contributing Author: T. Feldmann]32

Motivation: The B-meson light-cone distribu-33

tion amplitudes (LCDAs) constitute essential34

hadronic input parameters in QCD factorization35

theorems, notably for exclusive charmless non-36

leptonic B-decays [1, 2], but also for the computa-37

tion of spectator corrections to heavy-to-light form38

factors [3] and rare radiative decays [4, 5, 6, 7].39

They also enter correlation functions in certain vari-40

ants of the QCD sum-rule approach [8, 9, 10, 11].41

With the Belle-II flavour-physics program, in the42

long run, the combination of more and more precise43

experimental information, on the one hand, and44

theoretical constraints, on the other, is expected45

to help to reduce the hadronic uncertainties for46

exclusive charmless (and other) B-decays. In the47

following, we summarize recent theoretical and phe-48

nomenological progress in the understanding of the49

B-meson LCDAs.50

Figure 1.1: Leading diagram for the B → γ�ν
amplitude at large recoil. The partonic subprocess

bū → γ�ν is combined with a LCDA φB for the

2-particle bū Fock state in the B-meson.

The B-meson LCDA in B → γ�ν decays:51

On the phenomenological side, the most direct way52

to access the relevant moments of the B-meson53

LCDA is through the radiative semi-leptonic decay54

B → γ�ν [12, 13, 14, 15]. A QCD factorization55

theorem applies when the dilepton mass is small56

and thus the photon recoils against the decaying57

B-meson with large energy, Eγ ∼ mb/2. In this58

kinematic situation the amplitude can be approx-59

imated by the partonic sub-process depicted in60

1
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Golden Channels List21

1. Hadronic Modes22

(a) D0 → K+π−, K+K−, π+π−23

(b) D0 → K0
S K0

S , π0π0, D+ → π+π0
24

(c) D0 → K0
S h+h−, K0

S K+π−, K+π−π0, π+π−π0
25

2. Semileptonic Modes26

3. Leptonic and Radiative Decays27

(a) D+
(s) → e+ν, µ+ν, τ+ν28

(b) D0 → ρ0γ, D0 → γγ29

4. Other30

(a) missing energy modes31

(b) glueballs32

(c) D+
s → pn̄33

1.1 Overview34

Charm Physics :35

unique environment36

complementary information to B and K37

physics38

Belle II reach39

1.2 Theory40

1.3 Experiment41

The Belle II detector will offer improved perfor-42

mances in the reconstruction of charm events with43

respect to the first generation B-Factories. Before44

presenting Belle II reach, we discuss the expected45

impact on physics of the improved vertex resolution46

and the improved PID.47

1.3.1 Flavour Tagging Methods48

In order to measure CPV it is crucial to determine49

the flavour of the D0 at production. At B-Factories50

this was achieved selecting the D0 coming from51

the D∗+ → D0π+with the charge of the slow pion52

determining the charm quark flavour of the neutral53

meson. The D0 mesons coming from B decays were54

excluded in order to have a better measurement of55

the proper time, therefore only D0 from D∗+ in cc56

events were used. Considering that only one fourth57

of the D0 in a cc events are produced from D∗+
58

decays, it is clear how a very significant fraction of59

D0 were not used in charm analyses.60

In the following we present additional flavour-61

tagging methods that will allow to increase the62

statistics and will provide useful control samples63

for our measurements. In Table 1.1 we report a64

summary of efficiencies and mistagging levels for65

the methods presented.66

1
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1.1 General Introduction50

As a theory subject to asymptotic freedom, QCD is51

characterized by an intrinsic mass scale, ΛQCD ∼52

200 − 400 MeV. It is around this scale where all53

perturbative calculations for the Q2 evolution of54

the strong coupling constant αs = q2
s/(4π) diverge.55

Accordingly, ΛQCD is the dividing scale between56

the perturbative and the non-perturbative regime.57

Because of this the physics of bound systems of58

light quarks — quarks with masses below ΛQCD,59

namely up, down, strange — is expected to be60

a lot more complex than the physics of bound61

systems of the heavy quarks charm and bottom 1.62

In fact, it follows from asymptotic freedom that63

at large energy scales/small distances the quark–64

gluon interaction gets Coulombic. Accordingly65

the spectrum of low lying heavy quarkonia is very66

similar to that of positronium, as illustrated in67

Fig. 1.1. Since QCD keeps colored objects confined68

within bound systems that are overall color neutral,69

the potential needs to deviate from the Coulomb70

potential as the distance between the bound objects71

increases, for the potential needs to keep rising.72

Already in the 1970ies the Cornell group found73

that a central potential of the kind [1]74

V (r) = −α/r + σr , (1.1)

1The lifetime of the a lot heavier top quark is so short
that it decays before it can hadronize. The top quark is
therefore not of relevance to this chapter.
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1.1 Introduction25

The enormous amount of e+e− collisions that26

are expected from the Belle II feature a unique27

environment for electroweak and QED studies:28

About 40 billion τ and µ pairs each are expected29

in the full dataset. The Belle II experiment will30

offer fantastic possibilities to study τ physics31

and low multiplicity final states with high precision.32

33

In τ physics Belle II will have no competitors34

since the decays of τ leptons involve neutrinos35

which make it very difficult to study them at36

hadron colliders. The LHC thus has a limited37

τ program. τ decays offer a whole range of38

possible studies from a better understanding of39

strong interactions to precise tests of electroweak40

interactions including potential discovery of New41

Physics by a search for Lepton Flavour Violation42

(LFV).43

44

Non–τ physics will profit both from the signif-45

icantly larger statistics compared to Belle and46

BaBar, from a better detector and reconstruction47

software, and also from triggers especially designed48

to collect data for these analyses.49

50

Five golden observables have been chosen cover-51

ing τ physics, low multiplicity final states and two52

photon physics. They are theoretically compelling53

and cover both the early Belle II running and and54

the full Belle II dataset. They are:55

• LFV: τ → 3µ,56

• Study of CP violation in τ → K0
Sπντ ,57

• e+e− → π+π− cross section for (g − 2)µ,58

• Search for a Dark Photon decaying into Light59

Dark matter,60

• Precision Measurement of the γγ∗ → π0 tran-61

sition form factor.62

All golden modes have demanding requirements63

for the MC event generators: The τ modes need64

to be implemented into TAUOLA for generation65

and also signal extraction, the two track modes66

require very high precision and the single photon67

search needs proper background modelling from68

very high rate Bhabha backgrounds.69

70

In the following, we will explain the theoretical71

motivations to study these observables and we will72

present the sensitivity studies at Belle II.73

74
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1.1 Introduction35

Working Group 9 of B2TIP is devoted to new36

physics. This chapter describes model-independent37

searches for new physics, parameter analyses of38

specific extensions of the Standard Model (SM),39

and computer codes serving these purposes.40

Flavour physics probes virtual effects of heavy41

particles with masses far above the reach of the42

high-pT experiments ATLAS and CMS. In the SM43

all flavour-changing transitions originate from the44

Yukawa sector and are governed by very small45

numbers. Especially sensitive to new physics are46

flavour-changing neutral current (FCNC) processes47

which involve fermions of different generation but48

the same electric charge. Belle II can probe the49

FCNC transitions b → s, b → d, c → u, and50

s→ u. Important representatives are the meson-51

antimeson mixing amplitudes, which are called52

|∆F | = 2 processes, because the flavour quan-53

tum number F = B,S, C changes by two units.54

Equally interesting are FCNC decays, which be-55

long to the class of |∆F | = 1 transitions. In the56

SM FCNC amplitudes are tiny, because they come57

with small CKM elements and are forbidden at tree-58

level, proceeding instead through an electroweak59

loop diagram. In addition, the CKM-favoured60

contribution to s → d and c → u transitions61

are GIM suppressed, with suppression factors of62

(m2
c − m2

u)/M2
W and (m2

s − m2
d)/M

2
W . The GIM63

suppression is most spectacular in FCNC decays64
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Belle II Roadmap

✓ Belle II Roadmap: highlight at 1, 5(10), 50 /ab of  data (2020, 2021, 
2024)±1 year. 

✓ Impact plot: make plots with reduced experimental error. Central 
value is still under discussion (but something optimistic :-)).

✓ IMPORTANT: the results will be used heavily by the Belle II 
collaborations ! 

*** Phone meeting going on every other Mondays.
Contact Florian Bernlochner! 



Belle II impact plot
Current 2-3σ deviations will be clarified: new physics effect or just statistical fluctuations?!
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~ currently 3σ deviation?
Belle II prospect

(with the current Belle central value) 
14(6)σ deviation with 50(5)ab-1 of data!

currently SM consistent?

SM

SM

Belle II prospect
(with the current Belle central value) 

16(6)σ deviation with 50(5)ab-1 of data!

Example of B->D(*)τν
Currently the deviation is ~3σ... 

Example of CPV in B->K*γ
Currently SM (#) consistent...

(#) SM prediction of CPV in B->K*γ is still under discussion in B2TiP... 
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What do we expect in the future? New Physics can manifest itself in the Unitarity Triangle?

The fit result is shown in Fig. 1. The minimum χ2/ndof is 2.94/7 (see Appendix A.2 for the

ndof counting), thus the measurements are in perfect agreement with the SM. For reference, we

give the fitted CKM parameters:

λ = 0.2254 ± 0.0006, A = 0.816 ± 0.015, ρ̄ = 0.116 ± 0.020, η̄ = 0.353 ± 0.012

=⇒zoom

Figure 1: The blue constraints is obtained by using all the observables. The theoretical inputs

(ξ, BK , η1,2,3) are also allowed to be varied within their allowed ranges (i.e. Eq. 5). The minimum

χ2/ndof is found to be 2.94/7 which corresponds to 0.14σ. The other constraints are obtained

by the 5 absolute value observables plus one of observables φ2 (red), φ1 (black), φ3 (yellow), |Vub|
(orange), ∆Ms/∆Md (pink) or �K (green) (note φ2, φ1, φ3 depend only on ρ̄, η̄).

1.2 The scenarios with reduced errors for φ2, φ1, φ3

Currently, the errors on φ2, φ1, φ3 are dominated by the experimental ones and they will be re-

duced significantly in the era of Belle II. In the following study, the expected errors for φ2, φ1, φ3

at 50 ab−1, which are given on the B2TiP golden channel table, are used. We consider the im-

pact of their expected improvements for the following cases.

Case a) The central values do not move at 50 ab−1:

φ2 = (85.4 ± 1)
◦, sin 2φ1 = 0.682 ± 0.0070, φ3 = (68 ± 1.5)

◦

Case b) The central value of φ2, φ1 and φ3 are shifted all to the lower end of 1σ allowed range1,

which maximizes the deviation:

φ2 = (82.5 ± 1)
◦, sin 2φ1 = 0.670 ± 0.0070, φ3 = (60.5 ± 1.5)

◦

The results are shown in Fig. 2 for the case a) and in Fig. 3 for the case b). The color code

is the same as in Fig. 1. Interestingly enough, by keeping the central value to be as of today,

three very narrow bands of φ2, φ1, φ3 measurements meet almost in one point in Fig. 2, which is

quite spectacular (minimum χ2/ndof = 10.5/7 and 1.4σ significance). On the other hand, it is

1This is only for illustration but we chose central value in such a way that the 1σ range at 50 ab−1 do not exceed
the current 1σ range.
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Figure 2: Future prospect case a): reducing the errors of φ2, φ1, φ3 with their central values being
the same as of today. Though we see a slight tension between φ2, φ3 and φ1, the minimum χ2/ndof
found on this plane is 1.50, thus showing a good agreement with SM.

=⇒zoom

Figure 3: Future prospect case b): reducing the errors of φ2, φ1, φ3 with the central value of φ2, φ1, φ3

taken from the lower end of the currently allowed 1σ range. This choice of the central value enlarge
the discrepancies and the minimum of χ2/ndof is found to be 85.5/7, which corresponds to 8σ
deviation from the SM.
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the same as of today. Though we see a slight tension between φ2, φ3 and φ1, the minimum χ2/ndof
found on this plane is 1.50, thus showing a good agreement with SM.
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the discrepancies and the minimum of χ2/ndof is found to be 85.5/7, which corresponds to 8σ
deviation from the SM.
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Figure 6: The constraints similar to Fig. 2 (left) and Fig. 3 (right) but we added new physics
contributions as parameterized as in Eq. 6, which are varied in the fit. The obtained best fit
values are H

NP
Bd

= 0.97, φNP
Bd

= 4.9◦ and the minimum χ2
/ndof is 1.20/5, for the left, and H
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= 14.1◦ and the minimum χ2

/ndof is 8.34/5, for the right.
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Figure 7: The constraints of H
NP
Bd
− φNP

Bd
in the scenario where new physics enters in the B − B

mixing as given in Eq. 6, current (left), 50 ab
−1 case a) (middle) and case b) (right). The SM

point is (1, 0) in this plane. The cross point indicates the minimum χ2
/ndof which are 0.65/2,

1.20/2, 8.34/2, respectively.The contour indicates 1σ, 2σ, 3σ, · · · significance. We observe that the
deviation from the SM is ∼ 1σ (left), ∼ 3σ (middle), 8σ (right).

7

zoom

But if the 3 
central values 
are all slightly 
lower (within 
1σ range)...

Then, Φ1(β) 
might actually 

be much 
larger? 

SM agree 8σ deviation! New physics in box???

E. Kou for B2TiP LAL NP-workshop

Belle II impact plot



Conclusions

✓ Topical workshop on B2TiP report :  15th --- 17th Nov. 

http://indico.universe-cluster.de/indico/conferenceDisplay.py?ovw=True&confId=3666

✓ The B2TiP report version 2 will be available during the next 
week (but let me know if  you want it in advance). 

✓ All the participants of  the MIAPP topical workshop will receive 
the link to the full document by the next week to read and 
prepare comments for the relevant chapters before coming to 
MIAPP. 

✓ If  you can not come to the topical workshop, please leave your 
comments to the MIAPP organizers or the B2TiP organizers (P. 
Urquijo/E. Kou)! 

http://indico.universe-cluster.de/indico/conferenceDisplay.py?ovw=True&confId=3666
http://indico.universe-cluster.de/indico/conferenceDisplay.py?ovw=True&confId=3666

