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I. Préambule général  
Ce « Bleu du CAc » présente une synthèse +�����%��&��+! &�������%��%�����.����)$������.��"&,%��(QCM et 
questionnaire ouvert 1  menée par le Conseil Académique (CAc) auprès de la communauté (personnels 
permanents, sous contrat et étudiants) sur les orientations (objectifs / structure / organisation) qui devraient 
prévaloir au sein de la future Université cible « Paris-Saclay ». Cette synthèse est découpée en six items 
majeurs qui, !�#%��%� �.&�� � �$%�%�� !# ! $�nt diverses recommandations. Elle constitue donc un socle de 
propositions solides issues �.&�� réflexion collective de la communauté des personnels et usagers de Paris-
Saclay, sur lequel le « GT des sept » pourrait/devrait $.�!!&)�#� ! &#� ������� �������	��� ��� cette 
communauté autour des futures bases de �.université cible. 

 

� Présentation de ��������� : 
.enquête réalisée par le CAc du 15 décembre 2016 au 7 février 2017 comportait un questionnaire (informatique) 
en deux parties :  

I. ���� !�#%��� ���� ����'��&����� ��' )+�� �&(� �#+$����%$� �%� 	�#��%�&#$� �.
%����$$����%$� ! &#� ,%#��
#���$%#��&+��*��.��$�mble des personnels. ����$%���$ �&���%��� #����"&��������.��%�pas été partout le 
cas : le ���������
������������������������������������������
�����������������������-Saclay 
la garantie de distribution des messages officiels du Conseil Académique à �������	��� ���
personnel. 

II. Une partie ouverte destinée à tout collectif (Conseil de Laboratoire, par exemple). 

La synthèse présentée ci-dessous prend en compte ces deux � )��$��.�(!#�$$� �. 

 

� Analyse des réponses reçues : 
I. Partie QCM 2135 réponses dont 2021 complètes : 

1. Nombre de réponses comparable au nombre des participants aux élections de 2015 au CA et 
au CAc. 

2. ~33% des réponses proviennent des étudiants, avec un taux de participation plus fort pour les 
étudiants des Grandes Ecoles. 

3. Bonne participation des chercheurs et enseignants chercheurs de rang A mais plus faible taux 
de réponses dans la catégorie B. 

4. La plupart des réponses ont été analysées en fonction du profil des répondants. 

 

II. Partie ouverte : 

1. 28 réponses reçues, 19 venant de � �$���$��.&��%+��!�%�%es, moyennes et grosses), �.�&%#��!artie 
venant de collectifs représe�%�%��$��.&��!�&$��#����� ��#�� (Conseil de département, Conseil 
�.�����	+!�#%����%�&��'�#$�%��#����)�����%)�����$$ ���%� �$��.+%&����%$. 

2. ��� ��#�����!�#$ ���$����$��#�!#+$��%+�$��$%��.��'�# ��������!�#$ ���$�

                                                           
1 .��$��������$�� �%#��&%� �$��$%���$! ������$&#������  https://indico.lal.in2p3.fr/event/3400/ 



Introduction: 

searching new physics in flavour 

physics 



Flavour physics 
• Investigating the fundamental interaction through transitions 

among different quarks and leptons

• The CP violation is one of the most interesting phenomena in 

flavour physics 
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Flavour Physics within SM
In SM, the difference between mass and interaction basis explains, the GIM 
mechanism, the CP Violation! Very concise!  
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The Unitarity triangle: test of Unitarity
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‣ Successful explanation of 
flavour physics up to now! 
Hundreds of observables 
(including dozens of CPV) are 
explained by this single matrix.  
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Flavour Physics beyond SM
The indirect search of new physics through quantum effect: very powerful tool 

to search for new physics signal!  

‣ This very simple picture does not exist in most of the 
extensions of SM: suppression of the FCNC is NOT automatic 
and also CP violation parameters can appear.                                         
N.B.: SM also has an “unwanted” CP parameter (strong CP problem).

SUSY: Quark and 
Squark mass matrices 

can not be 
diagonalized at the 

same time ---> FCNC 
and CP violation

Mutli-Higgs model, 
Left-Right 

symmetric model: 
Many Higgs 

appearing in this 
model ---> tree level 

FCNC and CP 
violation

Warped extra-
dimension with 
flavour in bulk: 
Natural FCNC 

suppression though, 
K-K mixing might be 
too large due to the 
chiral enhancement
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Flavour Physics beyond SM
The indirect search of new physics through quantum effect: very powerful tool 

to search for new physics signal!  

‣ This very simple picture does not exist in most of the 
extensions of SM: suppression of the FCNC is NOT automatic 
and also CP violation parameters can appear.                                         
N.B.: SM also has an “unwanted” CP parameter (strong CP problem).

Warped extra-
dimension with 
flavour in bulk: 
Natural FCNC 

suppression though, 
K-K mixing might be 
too large due to the 
chiral enhancement

New 
particle introduces new source 

of flavour/CP violations. Then, if new 
physics exist, we should observe those 

phenomena at some point! 


SUSY: Quark and 
Squark mass matrices 

can not be 
diagonalized at the 

same time ---> FCNC 
and CP violation



The strategies… 



Strategy for discovery via precision
Discovery by the intensity frontier experiments. 

Reducing uncertainties = probing higher energies

    ΔNP = Deviation from SM 

= (exp. - SM) ± √(σexp)2+(σSM)2    

= c/(MNP)n                             

WE WANT 
5-7σ 

DEVIATION !!

new physics coupling c, new physics scale MNP

a𝝻exp.=116592091(54)(33) × 10−11 .

a𝝻the.=116591803(1)(42)(26) x 10-11

⇥�µ⇥⇥Fµ⇥
M
e

E.x. muon g-2 3.6σ effect!
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Reducing experimental uncertainties

    ΔNP = (exp. - SM) ± √(σexp)2+(σSM)2                         
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in fb�1 and ab�1

respectively.

Systematic uncertainties are taken into account in these projections. We base most pro-
jected systematic uncertainties on values presented in BELLE2-NOTE-21/BELLE2-NOTE-
PH-2015-002, and LHCb EPJC 73, 2373. If projections are not provided in that report, the
assumptions will be provided here.
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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). It assumes that Belle II will
spend 70% of the time at �(4S), which is a realistic, but conservative operating scenario.
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BELLE2-NOTE-PH-2015-004 Future increase of the luminosity

in Heavy Flavour physics
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‣ Belle II increases the luminosity (50 times by 2025)


‣ We expect order of magnitude increase of sensitivity in 
LFV (mu-e), EDM, g-2 experiments. 


‣ Hadronic channels become available after LHCb upgrade 
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b-, c- quark ! scale linear with "s

Run-2 50% less efficient for hadronic 

triggered modes

Run-3 will have a new trigger: 

recovering efficiency loss in hadron 

trigger, no change for muon triggers.

https://d2comp.kek.jp/record/234
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Reducing theoretical uncertainties

    ΔNP = (exp. - SM) ± √(σexp)2+(σSM)2                         

‣ Theoretical development in QCD higher order corrections, 
Lattice QCD etc allow to reduce the theoretical 
uncertainties. 


‣ Improved measurements of “theoretical control channels” are 
very important to reduce the theoretical errors. 

Lattice QCD, QCD sum rules, Large Nc 
QCD, HQET, Perturbative QCD etc...
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What is the odds for discovery: 

example of CKM unitarity triangle



The Unitarity triangle: test of Unitarity?
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Hundreds of observables 
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explained by this single matrix.  
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Can we expect a discovery of New Physics 

with the Unitarity Triangle ?!
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E.K. for B2TiP working group
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the γ measurement 

of LHCb: 
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E.K. for B2TiP working group
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LHCb


1.2σ consistent 
to SM

➡ By ~2025, with LHCb and Belle II full data set, 
we expect the errors to be reduced significantly.


➡ Let’s see what could happen when the error will go 
down to


 𝝳𝞍1 (𝝳𝝱)=0.4°, 𝝳𝞍2 (𝝳𝞪)=1°, 𝝳𝞍3 (𝝳ɣ)=1.5°, 

𝝳Vubtoday/𝝳Vub=1/2

Future of the Unitarity Triangle



-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.62017

Consistent with SM

Future of the Unitarity Triangle



-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.62017

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6~2025

2σ effect (=SM)Consistent with SM

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6

8σ effect (≠ SM)!

~2025

If the central 
value remains 
exactly the 

same (though 
unlikely)…

If all the 
central values 
move a little 
higher (within 

1σ)…

Future of the Unitarity Triangle



-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.62017

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6~2025

2σ effect (=SM)Consistent with SM

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6

8σ effect (≠ SM)!

~2025

If the central 
value remains 
exactly the 

same (though 
unlikely)…

If all the 
central values 
move a little 
higher (within 

1σ)…

Future of the Unitarity Triangle

figure
figure tree

loop



-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.62017

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6~2025

2σ effect (=SM)Consistent with SM

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6

8σ effect (≠ SM)!

~2025

If the central 
value remains 
exactly the 

same (though 
unlikely)…

If all the 
central values 
move a little 
higher (within 

1σ)…

Future of the Unitarity Triangle

Is this 8σ 

an “odd case” ???


(the answer is NO!)



-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.62017

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6~2025

2σ effect (=SM)Consistent with SM

-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6
-0.1 0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

0.6

8σ effect (≠ SM)!

~2025

If the central 
value remains 
exactly the 

same (though 
unlikely)…

If all the 
central values 
move a little 
higher (within 

1σ)…

Future of the Unitarity Triangle

Is this 8σ 

an “odd case” ???


(the answer is NO!)

• To understand this “8σ” effect better, 
we have run a Monte Carlo simulation. 


• We randomly sample the central values 
(1000 trials) assuming Gaussian 
measurements and compute the 
significance.


• The result shows that the chance to 
observe deviation more than 5σ (8σ) 
significance is currently 60% (20%) !


    E.K. & F. Le Diberder for B2TiP working group



Near future of flavour physics… 



LHCb Run-II anomalies and theory? 1 Introduction

In the Standard Model (SM) of particle physics, the electroweak couplings of leptons to
gauge bosons are independent of their flavour and the model is referred to as exhibiting
lepton universality (LU). Flavour-changing neutral-current (FCNC) processes, where a
quark changes its flavour without altering its electric charge, provide an ideal laboratory
to test LU. The SM forbids FCNCs at tree level and only allows amplitudes involving
electroweak loop (penguin and box) Feynman diagrams. The absence of a dominant
tree-level SM contribution implies that such transitions are rare, and therefore sensitive
to the existence of new particles. The presence of such particles could lead to a sizeable
increase or decrease in the rate of particular decays, or change the angular distribution
of the final-state particles. Particularly sensitive probes for such e↵ects are ratios of the
type [1]

RH =

R
d�(B!Hµ+µ�

)

dq2
dq2R

d�(B!He+e�)

dq2
dq2

,

where H represents a hadron containing an s quark, such as a K or a K⇤ meson. The
decay rate, �, is integrated over a range of the squared dilepton invariant mass, q2. The
RH ratios allow very precise tests of LU, as hadronic uncertainties in the theoretical
predictions cancel, and are expected to be close to unity in the SM [1–3].

At e+e� colliders operating at the ⌥ (4S) resonance, the ratios RK(⇤) have been
measured to be consistent with unity with a precision of 20 to 50% [4,5]. More recently,
the most precise determination to date of RK in the q2 range between 1.0 and 6.0 GeV2/c4

has been performed by the LHCb collaboration. The measurement has a relative precision
of 12% [6] and is found to be 2.6 standard deviations lower than the SM expectation [1].
Hints of LU violation have been observed in B! D(⇤)`⌫` decays [7–9]. Tensions with
the SM have also been found in several measurements of branching fractions [10–12]
and angular observables [13,14] of rare b! s decays. Models containing a new, neutral,
heavy gauge boson [15–20] or leptoquarks [21, 22] have been proposed to explain these
measurements.

A precise measurement of RK⇤0 can provide a deeper understanding of the nature
of the present discrepancies [23]. Some of the leading-order Feynman diagrams for the
B0! K⇤0`+`� decays, where ` represents either a muon or an electron, are shown in
figure 1 for both SM and possible New Physics (NP) scenarios. If the NP particles
couple di↵erently to electrons and muons, LU could be violated. The K⇤0 represents a
K⇤(892)0 meson, which is reconstructed in the K+⇡� final state by selecting candidates
within 100 MeV/c2 of the known mass [24]. No attempt is made to separate the K⇤0

meson from S-wave or other broad contributions present in the selected K+⇡� region.
The S-wave fraction contribution to the B0! K⇤0µ+µ� mode has been measured by the
LHCb collaboration and found to be small [25]. Inclusion of charge-conjugate processes is
implied throughout the paper, unless stated otherwise. The analysis is performed in two
regions of q2 that are sensitive to di↵erent NP contributions: a low-q2 bin, between 0.045
and 1.1 GeV2/c4, and a central-q2 bin, between 1.1 and 6.0 GeV2/c4. The lower boundary of
the low-q2 region corresponds roughly to the dimuon kinematic threshold. The boundary
at 1.1 GeV2/c4 is chosen such that �(1020)! `+`� decays, which could potentially dilute
NP e↵ects, are included in the low-q2 interval. The upper boundary of the central-q2
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Table 5: Measured RK⇤0 ratios in the two q2 regions. The first uncertainties are statistical and
the second are systematic. About 50% of the systematic uncertainty is correlated between the
two q2 bins. The 95.4% and 99.7% confidence level (CL) intervals include both the statistical
and systematic uncertainties.

low-q2 central-q2

RK⇤0 0.66 + 0.11
� 0.07 ± 0.03 0.69 + 0.11

� 0.07 ± 0.05

95.4% CL [0.52, 0.89] [0.53, 0.94]

99.7% CL [0.45, 1.04] [0.46, 1.10]
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Figure 10: (left) Comparison of the LHCb RK⇤0 measurements with the SM theoretical predic-
tions: BIP [26] CDHMV [27–29], EOS [30, 31], flav.io [32–34] and JC [35]. The predictions are
displaced horizontally for presentation. (right) Comparison of the LHCb RK⇤0 measurements
with previous experimental results from the B factories [4, 5]. In the case of the B factories the
specific vetoes for charmonium resonances are not represented.

of 3 fb�1 of pp collisions, recorded by the LHCb experiment during 2011 and 2012, are
used. The RK⇤0 ratio is measured in two regions of the dilepton invariant mass squared
to be

RK⇤0 =

(
0.66 + 0.11

� 0.07 (stat) ± 0.03 (syst) for 0.045 < q2 < 1.1 GeV2/c4 ,

0.69 + 0.11
� 0.07 (stat) ± 0.05 (syst) for 1.1 < q2 < 6.0 GeV2/c4 .

The corresponding 95.4% confidence level intervals are [0.52, 0.89] and [0.53, 0.94]. The
results, which represent the most precise measurements of RK⇤0 to date, are compatible
with the SM expectations [26–35] at 2.1–2.3 standard deviations for the low-q2 region
and 2.4–2.5 standard deviations for the central-q2 region, depending on the theoretical
prediction used.

Model-independent fits to the ensemble of FCNC data that allow for NP contribu-
tions [27–35] lead to predictions for RK⇤0 in the central-q2 region that are similar to the
value observed; smaller deviations are expected at low-q2. The larger data set currently
being accumulated by the LHCb collaboration will allow for more precise tests of these
predictions.
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B->K*𝝻+𝝻-: Re(C9) (3.4σ)

B->D*𝞃𝝼/B->D*𝞃𝝼: R(D*) (4.1σ)

B->K*e+e-/K*𝝻+𝝻-: R(K*) (2.1-2.5σ)

P5’
P5’ anomaly

• One such observable is so-called P’5 , not intuitive, but constructed 
from angular observables to be robust from ‘form-factor uncertainties’ 

• Is the SM prediction less precise than what is claimed?
18
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In the Standard Model (SM) of particle physics, the electroweak couplings of leptons to
gauge bosons are independent of their flavour and the model is referred to as exhibiting
lepton universality (LU). Flavour-changing neutral-current (FCNC) processes, where a
quark changes its flavour without altering its electric charge, provide an ideal laboratory
to test LU. The SM forbids FCNCs at tree level and only allows amplitudes involving
electroweak loop (penguin and box) Feynman diagrams. The absence of a dominant
tree-level SM contribution implies that such transitions are rare, and therefore sensitive
to the existence of new particles. The presence of such particles could lead to a sizeable
increase or decrease in the rate of particular decays, or change the angular distribution
of the final-state particles. Particularly sensitive probes for such e↵ects are ratios of the
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where H represents a hadron containing an s quark, such as a K or a K⇤ meson. The
decay rate, �, is integrated over a range of the squared dilepton invariant mass, q2. The
RH ratios allow very precise tests of LU, as hadronic uncertainties in the theoretical
predictions cancel, and are expected to be close to unity in the SM [1–3].

At e+e� colliders operating at the ⌥ (4S) resonance, the ratios RK(⇤) have been
measured to be consistent with unity with a precision of 20 to 50% [4,5]. More recently,
the most precise determination to date of RK in the q2 range between 1.0 and 6.0 GeV2/c4

has been performed by the LHCb collaboration. The measurement has a relative precision
of 12% [6] and is found to be 2.6 standard deviations lower than the SM expectation [1].
Hints of LU violation have been observed in B! D(⇤)`⌫` decays [7–9]. Tensions with
the SM have also been found in several measurements of branching fractions [10–12]
and angular observables [13,14] of rare b! s decays. Models containing a new, neutral,
heavy gauge boson [15–20] or leptoquarks [21, 22] have been proposed to explain these
measurements.

A precise measurement of RK⇤0 can provide a deeper understanding of the nature
of the present discrepancies [23]. Some of the leading-order Feynman diagrams for the
B0! K⇤0`+`� decays, where ` represents either a muon or an electron, are shown in
figure 1 for both SM and possible New Physics (NP) scenarios. If the NP particles
couple di↵erently to electrons and muons, LU could be violated. The K⇤0 represents a
K⇤(892)0 meson, which is reconstructed in the K+⇡� final state by selecting candidates
within 100 MeV/c2 of the known mass [24]. No attempt is made to separate the K⇤0

meson from S-wave or other broad contributions present in the selected K+⇡� region.
The S-wave fraction contribution to the B0! K⇤0µ+µ� mode has been measured by the
LHCb collaboration and found to be small [25]. Inclusion of charge-conjugate processes is
implied throughout the paper, unless stated otherwise. The analysis is performed in two
regions of q2 that are sensitive to di↵erent NP contributions: a low-q2 bin, between 0.045
and 1.1 GeV2/c4, and a central-q2 bin, between 1.1 and 6.0 GeV2/c4. The lower boundary of
the low-q2 region corresponds roughly to the dimuon kinematic threshold. The boundary
at 1.1 GeV2/c4 is chosen such that �(1020)! `+`� decays, which could potentially dilute
NP e↵ects, are included in the low-q2 interval. The upper boundary of the central-q2

1

R(D)
0.2 0.3 0.4 0.5 0.6

R
(D

*)

0.2

0.25

0.3

0.35

0.4

0.45

0.5 BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, FPCP2017
Average

SM Predictions

 = 1.0 contours2χ∆

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Fajfer et al. (2012)

HFLAV

FPCP 2017

) = 71.6%2χP(

σ4

σ2

HFLAV
FPCP 2017

Table 5: Measured RK⇤0 ratios in the two q2 regions. The first uncertainties are statistical and
the second are systematic. About 50% of the systematic uncertainty is correlated between the
two q2 bins. The 95.4% and 99.7% confidence level (CL) intervals include both the statistical
and systematic uncertainties.
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Figure 10: (left) Comparison of the LHCb RK⇤0 measurements with the SM theoretical predic-
tions: BIP [26] CDHMV [27–29], EOS [30, 31], flav.io [32–34] and JC [35]. The predictions are
displaced horizontally for presentation. (right) Comparison of the LHCb RK⇤0 measurements
with previous experimental results from the B factories [4, 5]. In the case of the B factories the
specific vetoes for charmonium resonances are not represented.

of 3 fb�1 of pp collisions, recorded by the LHCb experiment during 2011 and 2012, are
used. The RK⇤0 ratio is measured in two regions of the dilepton invariant mass squared
to be

RK⇤0 =

(
0.66 + 0.11

� 0.07 (stat) ± 0.03 (syst) for 0.045 < q2 < 1.1 GeV2/c4 ,

0.69 + 0.11
� 0.07 (stat) ± 0.05 (syst) for 1.1 < q2 < 6.0 GeV2/c4 .

The corresponding 95.4% confidence level intervals are [0.52, 0.89] and [0.53, 0.94]. The
results, which represent the most precise measurements of RK⇤0 to date, are compatible
with the SM expectations [26–35] at 2.1–2.3 standard deviations for the low-q2 region
and 2.4–2.5 standard deviations for the central-q2 region, depending on the theoretical
prediction used.

Model-independent fits to the ensemble of FCNC data that allow for NP contribu-
tions [27–35] lead to predictions for RK⇤0 in the central-q2 region that are similar to the
value observed; smaller deviations are expected at low-q2. The larger data set currently
being accumulated by the LHCb collaboration will allow for more precise tests of these
predictions.
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B->K*𝝻+𝝻-: Re(C9) (3.4σ)

B->K*ee/K*mumu: R(K*) (2-2.5σ)

P5’
P5’ anomaly

• One such observable is so-called P’5 , not intuitive, but constructed 
from angular observables to be robust from ‘form-factor uncertainties’ 

• Is the SM prediction less precise than what is claimed?
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-Very convincing signals. 

-SM uncertainties in B->K*𝝻+𝝻- to be further 
scrutinised. 


-Many model independent studies (e.g. global fit of the 
effective couplings) are ongoing.


-The appearance of the anomaly implies a very 
“flavour/Dirac structure specific” new physics. 

B->D*𝞃𝝼/B->D*𝞃𝝼: R(D*) (4.1σ)



in preparation (646 pages as of today) 
B2TiP theory community + Belle II collab.
editor: E.K. & Ph. Urquijo (Melbourne U.)  

Belle II physics book

‣B physics : CKM UT measurement, rare decays, CP violation, 
QCD-based computation


‣D physics : CP violation, rare decays, multi-body decays

Many 
contributions from 

theorists!!

Belle II(/LHCb) precision vs theory uncertainties

»  UT angle measurements (very clean): Belle II+LHCb will 
reduce the errors significantly 𝝳𝞍1(𝝳𝝱)=0.2°, 𝝳𝞍2(𝝳𝞪)=1°, 
𝝳𝞍3(𝝳ɣ)=1.5°, ➫ theory can achieve about the same precision.


» Rare decays, hadronic B decays… ➫ more difficult but data 
driven, more measurements could give us a guide.
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Fig. 4: Exclusion contours in the CNP
9 –CNP

10 plane resulting from future inclusive b � s⇤+⇤+

measurements at Belle II. For comparison the constraints on CNP
9 and CNP

10 following from

the global fit presented in [222] is also shown.

1.4. Double-radiative decays1056

(Contributing authors: C. Bobeth and A. Kokulu)1057

1058

Bq � ⇥⇥ Decays. In the SM, the branching ratios of the Bq � ⇥⇥ decays scale as the1059

involved CKM elements |Vtd|2 and |Vts|2, predicting an enhancement of the Bs � ⇥⇥ decay1060

over the Bd � ⇥⇥ decay by a factor of |Vts/Vtd|2 ⇥ 20. Using the full data set at � (5S) [223],1061

Belle obtained the following 90% CL upper limit1062

Br(Bs � ⇥⇥)exp < 3.1 · 10�6 , (51)

on the branching ratio of Bs � ⇥⇥. The searches for Bd � ⇥⇥ at � (4S) resulted instead in1063

the 90% CL upper limits1064

Br(Bd � ⇥⇥)exp <

�
3.2 · 10�7 ,

6.2 · 10�7 ,
(52)

from the full data set of BaBar [224], and a partial data set of 104 fb�1 of Belle [225] out of1065

the available 711 fb�1. The corresponding SM predictions are given by [226]1066

Br(Bs � ⇥⇥)SM ⇤ [0.5, 3.7] · 10�6 ,

Br(Bd � ⇥⇥)SM ⇤ [1.0, 9.8] · 10�8 ,
(53)

and are either close to or only by an order of magnitude below the bounds (51) and (52).1067

The above comparison shows that Belle II will be able to discover Bd � ⇥⇥ with the antic-1068

ipated 50 times larger data set at � (4S). Furthermore, an appropriately large � (5S) data1069

set could provide an observation of Bs � ⇥⇥.1070
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Will Belle II tell us something about LHCb anomalies? 

‣B physics : CKM UT measurement, rare decays, CP violation, 
QCD-based computation


‣D physics : CP violation, rare decays, multi-body decays

Many 
contributions from 

theorists!!

5

(Mbc < 5.27 GeV/c

2). For each measurement in q

2, the
signal fraction is derived as a function of Mbc. The back-
ground angular distribution is described using the direct
product of kernel density template histograms [22] for
�, ✓` and ✓K while the shape is predetermined from the
Mbc sideband. Acceptance and e�ciency e↵ects are ac-
counted for in the fit by weighting each event by the
inverse of its combined e�ciency, which is derived from
the direct product of the e�ciencies in �, ✓`, ✓K and
q

2. The individual reconstruction e�ciency for each ob-
servable is obtained by extracting the ratio between the
reconstructed and generated MC distributions.
All methods are tested and evaluated in pseudo-

experiments using MC samples for each measurement
and the results are compared to the input values. Sys-
tematic uncertainties are considered if they introduce an
angular- or q2-dependent bias to the distributions of sig-
nal or background candidates. Small correlations be-
tween ✓` and q

2 are not considered in the treatment of
the reconstruction e�ciency. The deviation between a
fit based on generator truth and an MC sample after
detector simulation and reconstruction reweighted with
e�ciency corrections is evaluated for a bias. The di↵er-
ence between the two fits (0.045 on average) is taken as
the systematic uncertainty for the e�ciency correction;
this is the largest systematic uncertainty. Peaking back-
grounds are estimated for each q

2 bin using MC. In total,
fewer than six (one) such background events are expected
in the muon (electron) channels. The impact of the
peaking component is simulated by performing pseudo-
experiments with MC samples for signal and background
according to the measured signal yields, replacing six ran-
domly selected events from the signal class with events
from simulated peaking background in each measure-
ment. The observed deviation from simulated values
(0.02 on average) is taken as the systematic uncertainty.
An error on the background parametrization is estimated
by repeating all fits with an alternative background de-
scription using third-order polynomials and taking the
observed deviation (0.028 on average) as the systematic
error. Finally, an error on the signal parametrization
is considered by repeating the fit with the signal shape
parameters adjusted by ±1�, leading to systematic un-
certainties of order 10�4. Signal cross-feed is evaluated
for all signal decay channels and found to be insignificant.
The parametrization in Eq. 1 does not include a possi-
ble S-wave contribution under the K

⇤(892) mass region.
With the expected fraction of 5% [1, 20], we estimate
the S-wave contribution for each measurement to be less
than one event and the resulting e↵ects to be negligible.
Statistically equal numbers of B and B̄ candidates in the
signal window are found; consequently, CP-asymmetric
contributions to the measured CP-even parameters are
neglected. The total systematic uncertainty is calculated
as the sum in quadrature of the individual values.
The result of all fits is presented in Table I and dis-

FIG. 2. P 0
4 and P 0

5 observables for combined, electron and
muon modes. The SM predictions are provided by DHMV
[9] and lattice QCD [24] and displayed as boxes for the muon
modes only. The central values of the data points for the
electron and muon modes are shifted horizontally for better
readability.

played in Fig. 2 where it is compared to SM predictions
by DHMV, which refers to the soft form-factor method
of Ref. [23]. Predictions for the 14.18 GeV2

/c

2
< q

2
<

19.00 GeV2
/c

2 bin are calculated using lattice QCD with
QCD form factors from Ref. [24]. The predictions include
the lepton mass, leading to minor corrections between
the SM values for the electron and muon modes. For the
electron mode, fits in the region 10.09 GeV2

/c

2
< q

2
<

12.90 GeV2
/c

2 are excluded because it overlaps with the
 (2S) veto range, leading to insu�cient statistics for sta-
ble fit results. In total, all measurements are compatible
with SM predictions. The strongest tension of 2.6� (in-
cluding systematic uncertainty) is observed in P

0
5 of the

muon modes for the region 4 GeV2
/c

2
< q

2
< 8 GeV2

/c

2;
this is in the same region where LHCb reported the so-
called P

0
5 anomaly [1, 20]. In the same region, the elec-

tron modes deviate by 1.3� and all channels combined

»Also observation of B-> , K(*)𝝼𝝼 in a few years! 
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Belle II prospect

(with the current Belle central value) 


14(6)σ deviation with 50(10)ab-1 of data!

Belle II confirmation 
via inclusive channel. R(D(*)) b->s𝝻+𝝻-/e+e-

A high sensitivity to 

e+e- channel
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LFV 𝞃-> 𝝻𝝲 sensitivity to SUSY-GUT 

non-Minimal SUSY CMSSM

Many 
contributions from 

theorists!!

‣ tau physics : LFV, CP violation, a “wish list”… 


‣ g-2 related measurement : hadronic cross section, two photon 
processes


‣ quarkonium and exotics : missing quarkonium (below threshold), 
pros and cons of the exotic interpretations

and fine structures can be investigated. The disadvantage is the e↵ective luminosity and1756

detection e�ciency are relatively low. Figure 12 shows the e↵ective luminosity from 3 to1757

5 GeV in the Belle II data samples. We can see that, for 10 ab�1 Belle II data, we have1758

about 400–500 pb�1 of data for every 10 MeV in the range 4–5 GeV. Of course, the ISR1759

analyses have a lower e�ciency than in direct e+e� collisions because of the extra ISR1760

photons and the boost given to events along the beam direction. Even taking these e↵ects1761

into account, the full Belle II data sample, which corresponds to about 2,000–2,300 pb�1

1762

data for every 10 MeV from 4–5 GeV, will result in similar statistics as BESIII for modes1763

like e+e� ! ⇡+⇡�J/ . Belle II has the advantage that data at di↵erent energies will be1764

accumulated at the same time, making the analysis much simpler than at BESIII at 60 data1765

points. In addition, Belle II gets access to events above 4.6 GeV, which is currently the1766

maximum energy of BEPCII. Very interesting in this context would be the search for the1767

predicted pseudoscalar spin partner of Y (4660) that should have a mass of 4616 MeV [310]1768

and could be produced in radiative decays of Y (4660). This state should exist, if indeed1769

Y (4660) has a prominent f
0

(980) (2S) component as claimed in Ref. [434].1770

0

500

1000

1500

2000

2500

3000

3 3.5 4 4.5 5
Ecm (GeV)

Lu
m

   
(p

b-1
/1

0 
M

eV
)

Fig. 12: E↵ective luminosity at low energy in the Belle and Belle II ⌥ (4S) data samples.

With a data sample larger than 10 ab�1 at Belle II, ISR processes e+e� ! ⇡+⇡�J/ ,1771

⇡+⇡� (2S), K+K�J/ , K+K� (2S), �X(3872), ⇡+⇡� 
2

(1D), ⇡+⇡�hc, ⇡+⇡�hc(2P ),1772

!�cJ , ��cJ , ⌘J/ , ⌘0J/ , ⌘ (2S), ⌘hc, (D⇤D̄⇤)±⇡⌥, and so on can be studied. Some golden1773

modes are:1774

� e+e� ! ⇡+⇡�J/ : The Y (4260) state was observed and confirmed by BaBar [166],1775

CLEO [169] and Belle experiments [435]. Besides the Y (4260), Belle also observed a1776

broad excess near 4 GeV, called Y (4008) [170]. With the full BaBar data sample of1777

454 fb�1, the Y (4008) structure was not confirmed [167]. The di↵erence on the mea-1778

sured cross section from BaBar and Belle at around 4.01 GeV is large. Recently, BESIII1779

reported a precise measurement of the e+e� ! ⇡+⇡�J/ cross section from 3.77 to1780

4.60 GeV using data samples with an integrated luminosity of 9 fb�1 [171]. While the1781

nature of the events at around 4 GeV is still ambiguous, the dominant resonant struc-1782

ture, the so called Y (4260), was found to have a mass of (4222.0± 3.1± 1.4) MeV/c21783

and a width of (44.1± 4.3± 2.0) MeV. In addition, a new resonance with a mass of1784

around 4.32 GeV/c2 is needed to describe the high precision data. With a 10 ab�1 (501785

ab�1) data sample at Belle II, the expected statistical error on the e+e� ! ⇡+⇡�J/ 1786

cross section will be 7.5% (3.0%) at 4.23 GeV/c2. The questions on the existence of1787
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ISR luminosity at Belle II
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‣ Dark matter and Higgs : dark photon search in phase II (2018), 
light Higgs search from quarkonium decays


‣ Theory: lattice “forecast”, flavour benchmark models (and their 
“DNA test”), global fit packages

DRAFT
13

/1
0/

20
17

20 fb�1. We assume that N, the number of events observed, is the integer closest to µB. µS is14367

selected such that the Poisson probability of observing  N events when expecting µB + µS14368

events is 0.1.14369

14370

The upper limit on the cross section for e+e� ! �A0, A0 ! invisible is � = µS/✏SL, where14371

✏S is the signal e�ciency (Fig. 197) and L = 20 fb�1 is the integrated luminosity. The equiv-14372

alent limit on " is the square root of this cross section divided by the cross section calculated14373

for " = 1 (Fig. 196). Projected upper limits on " are summarised as a function of A0 mass in14374

Fig. 200. The results are projected to be significantly better than BaBar due to the better14375

hermeticity of the calorimeter and the e�ciency of the KLM.14376
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Fig. 200: Projected upper limits on " for the process e+e� ! �A0, A0 ! invisible, for a

20 fb�1 Belle II data set (solid black curve).

Systematic Uncertainties. We expect that the systematic uncertainties will be dominated14377

by uncertainties in the predicted number and kinematic properties of background events.14378

At low A0 masses, we need to quantify the residual beam-energy photon backgrounds from14379

e+e� ! ��. This will require photon control samples, such as kinematically fit radiative14380

muon pairs, or e+e� ! �� events in which one photon is reconstructed at full energy and the14381

other has low energy, corresponding to a late conversion in the ECL crystal. The backgrounds14382

for high A0 masses are dominated by events with one photon in the backwards barrel/endcap14383

gap and a second near ✓⇤ = 0. The kinematically fit muon pair sample will be used to map14384

the photon e�ciency across this gap.14385

16.2.2. Search for Axion-like particles. Axions were originally motivated by the strong14386

CP problem and have a fixed relation between coupling strength and mass. While the axion14387
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Lattice forecast for VubDark Photon search at Belle II

upper/down number: 
wo/w EM correction

Feynman diagram for B2TiP book
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Conclusions
• The coming years are very exciting: the upgrades of 

several experiments in flavour physics will improve the 
sensitivity to new physics drastically. A breakthrough is 
possible! 


• The LHCb anomalies are very intriguing. A confirmation 
by Belle II experiment is possible even in a few years 
time (e.g. at ~10 ab-1). 


• Theoretically, what we are looking for seems to be 
“Flavour/Dirac structure specific”, which may need be 
postulated to further construct new physics models. 



Backup



What has been confirmed?

up charm

strange

top

bottomdown

bsd

tcu

Vckm: Cabibbo-
Kobayashi-Maskawa 

matrix

1st generation 2nd generation 3rd generation

up type

charge 2/3

up

2.2±0.5MeV

charm

1.27±0.03GeV

top

173.21±0.87GeV

down type

charge -1/3

down

4.7±0.5MeV

strange

96±6MeV

bottom

4.18±0.04GeV

charged 
lepton


charge -1

electron

0.511MeV

𝝻

105.7MeV

𝞃

1.78GeV

neutrinos

charge 0

𝝼e

<2.0eV

𝝼𝝻

<0.17eV

𝝼𝞃

<18.2eV

down strange bottom

up Vub

0.97417±0.00021 

Vus

0.2248±0.0006 

Vub

0.00409±0.0003
9charm Vcd


0.220±0.005 
Vcs

0.995±0.016

Vcb

0.0405±0.0015

top Vtd
 Vts
 Vtb

1.009 ± 0.031

Observed Quark masses

Observed Quark mixing VCKM

✓SM does not say anything 
about the Yukawa coupling so 
the masses and the couplings 
are not predictable. 


✓VCKM has to be a 3x3 unitary 
matrix which includes only 
one complex phase. 


✓N.B. LHC and LCs can tell us 
the linearity of the masse and 
the Higgs coupling.
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Observed Quark masses

Observed Quark mixing VCKM

Do fermion masses come entirely 
from  the Yukawa coupling? 

(c.f. eta’ for light mesons!)

     Linear Colliders
✴ The LHC discovery of Higgs particle completed all the particles 
needed in SM.  
✴ Now we are aiming at precisely measuring the properties of these 
particles to search for signs of new physics. 
✴ Challenges towards precision can adequately be met in a clean 
environment ➠ e+e- colliders. Chapter 2. Higgs Boson
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Figure 2.8.21: Expected precision from the full ILC program of tests of the Standard
Model prediction that the Higgs coupling to each particle is proportional to its mass.
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✓SM does not say anything 
about the Yukawa coupling so 
the masses and the couplings 
are not predictable. 


✓VCKM has to be a 3x3 unitary 
matrix which includes only 
one complex phase. 


✓N.B. LHC and LCs can tell us 
the linearity of the masse and 
the Higgs coupling.


