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Quick survey of the room
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A lot of material taken from previous lectures of mine but also from 
 Mark Williams, Tim Gershon, Gerhard Raven, Andreas Hocker,  

Gino Isidori, Yosef Nir and others I probably forgot.



Disclaimer 

Flavour Physics is packed with Jargon (K, π, D*, K*, ADS, C9, OS etc. ) 

However the underlying physics is fascinating 

Rich phenomenology and experimental techniques   

Exciting implications !  

Please bare with me  
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What is the observable? 

A branching ratio? A phase? 


What is the process? A penguin? A tree?

What are we testing/measuring? NP? SM?   


What is the statistics? Rare decay? Normalisation ?

What is the topology of the decay? 


Are we ever going to see it?

What about the systematics?  

Do we really care about it? 

A hitchhiker guide to flavour physics  
Questionnaire de Proust
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If you are lost go back to these questions 



Structure of these lectures 

• Examples of historical/recent measurements.  

• What makes them experimentally challenging? Blood sweat & tears.  

• How do we loop back to the underlying phenomenology ?  
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The Standard Model

A very powerful predictive theory which has resisted many decades of experimentalist trying to “break it”.  
Yet, given that the SM can not explain…
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T. Cohen 
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What is Flavour Physics? 

Coined by Gell-mann and Fritsch on visit to ice cream parlour (Pasadena, 1971) 
“Just as ice cream has both color and flavor so do quarks.” 
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3 gauge couplings
2 Higgs parameters 
6 quark masses 
3 quark mixing angles + 1 phase 
3 (+3) lepton masses 
(3 lepton mixing angles + 1 phase) 
( ) = with Dirac neutrino masses 

What do we have within the Standard Model ? 
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Flavour Physics 

CKM

PMNS



Hadrons ! One fundamental particle was discovered  
at the LHC so far…but also 75 new hadrons at the LHC

13This is the land of spectroscopy ! 
https://cerncourier.com

/a/exotic-hadrons-bend-the-rules/



Trees vs penguins 
Flavour Changing Charged Currents Flavour Changing Neutral Currents
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Rule of thumb: you can’t access all the parameters at once   
you have to pick your battles



Discrete symmetries
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Flavour Physics as probe
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Inspired by M. Vally 

Complementarity 

Many observables & techniques are available 

Multiscale probes



Oldie but goodie - an indirect road to discoveries and high scales
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Can we use Flavour Physics to probe higher scale? 

1910.11775
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Y. Nir 

Emphasis the complementarity of direct vs indirect searches 



The GIM mechanism 
•  so why not  ? 

• GIM (Glashow, Iliopoulous, Maiani) mechanism (1970) 

• No free level flavour changing neutral currents  

• Suppression of FNCN via loops  

• Requires that quarks come in pairs (predicting charm)

K+ → μ+νμ  &  π0μ+νμ K0 → μ+μ−  &  π0μ+μ−

Kaon mixing → predict mc



Towards Baryogenesis 

Art & History Museum in Geneva



CKM Matrix 

• 𝑊-mediated interactions are the only ones that are not diagonal 
• All flavor changing processes depend on the CKM parameters 
• 4 CKM parameters ⇔ ≫ 4 measured FC processes 
• Stringent tests of the CKM mechanism for FC processes



Freedom to permute the various generations: 
Order by masses: (u1, c1, t1) → (u, c, t); (d1, s1, b1) → (d, s, b)

CKM Matrix 

Freedom to redefine the phases of the quark fields,  remain real, but the phase structure  
of V changes. We end up with  terms.  

mq

3R + 1I



CKM - matrix 

Let’s consider this current 

W
olfenstein param

etrisation 
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CKM - matrix 

Building the unitarity triangles 
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The other triangles

💡 http://www.scholarpedia.org/article/Experimental_determination_of_the_CKM_matrix



Twenty years later where are we? 
27
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CPV violation timeline



arXiv:0905.1572

All the phases…in 2009
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All the phases…Today
arXiv:2411.18639

https://arxiv.org/abs/2411.18639


You can’t make an omelette without breaking a few eggs 

31

Often we can’t have  
everything at the same time 

…decisions decisions…

Need a collider 

Need a detector



Leptons or Hadrons

@ϒ(4S) focus on B+, B0
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All specifies are created B,u,d,s,c baryons etc. 

Naturally there are different challenges/advantages to each 



BaBar Belle
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LHCb &  
its Upgrades

Have a look at all the TDRs



But also …
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On the other side of the Ocean 

On the other side of the ring 







The story starts with collisions 

37

But many things are produced. Some “events” are  
more infesting than others.  You will often hear the words:  

“Signal”: something we care about  
“Background”: something we don’t care about but  
need to understand very well. 

物語は衝突から始まる

いろんなものがいっぱい生成されてしまいます。あ
る事象は他よりもずっといっぱいできるのです。

「信号」：ほしいもの

「背景」：いらないものだけど、ちゃんと理
解しておかないといけない。



Production

38

The protons produced at the LHC collide.   
But actually the protons contain quarks 

and gluons also. 

LHC では陽子が衝突します。

でも実際には、陽子にはクォークに
加えてグルーオンが含まれていま
す。



Gluon fusion 

39

The dominating process is Gluon fusion 
And this is followed by “hadronisation” 

一番多いのは、グルーオンの合体で
す。そこから「ハドロン化」の過程を
へて  いろんな粒子が出てきます。
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Decay chain 
崩壊の連鎖

Spectator

Intermediate state 

Final states 
You will need tracking & PID 



What’s the nature of the “final states?”
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最後にできた状態の性質は？
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Boost ! 

tlab = ⌧.�

加速！



Reconstruction

Quadrivector (E, p)



signal

background

Dump in your favour AI
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Likelihood fit:  
Yields + other parameters   

data signal combinatorial  
background 

45

Depending on the difficulty of the fit,  
some parameters can be  

constrained from simulation etc.  
A likelihood is minimised to find the best  
set of parameters that describe the data.

データをフィットするのが難しいこともある
ので、いくつかのパラメータにはシミュレー
ションで制限をつけたりします。とにかく、
もっともよくデータを再現するパラメータを
探すのです。

Hope referee B is cool 

Bim publish 
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https://arxiv.org/pdf/2402.05528

In real life, it will look like this … 



Let me take a bit of water
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Next steps  

http://ckmfitter.in2p3.fr/



+

+
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Let’s start with sin2beta with the “golden” mode  B0 → ψ(ℓ+ℓ−)K0
S(π+π−)

50

Time dependent analysis → requires flavour tagging 



sin 2β aka the raison d’être of B-factories - 2001 
BaBar, PRL 87 (2001) 091801 Belle, PRL 97 (2001) 091802

51Different conventions on each side of the pacific 



BaBar, PRD 79 (2009) 072009  Belle, PRL 108 (2012) 171802  

Legacy from B-Factories 
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Text book like result !  

Trigger wise dilepton decays  
are a day at the beach    

Combination of a few decay channels 

53arXiv:2309.09728



Is there room for NP in this corner ? Summary plot

A nice read https://cerncourier.com/a/lhcb-sets-record-precision-on-cp-violation/

54



It’s interesting to see what a “just” a difference in the spectator quark can do 

55

~ 0.5 ps-1 17 ps-1

An other fascinating topic is simple lifetime measurements.  
If you are interested in this Google my dear colleague Alex Lenz



A few lines about the mixing formalism 

Dispersive Absorptive 
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A few lines about the mixing formalism 

CERN-THESIS-2014-361 a very pedagogical reference.
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We have to make  
the actual omelette 



A small parenthesis 



If you’ll indulge me a little parenthesis 

From my PhD 2006-2009  

You can tell I was young, I was using ComicSense



22 days after the start of my thesis
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22 days after the start of my thesis

One year after the start of my thesis
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22 days after the start of my thesis

One year after the start of my thesis

The end of the universe if not something very close 
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B factories and Tevratron students LHC students

In 2008
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These were dark days for us 



End - of the small parenthesis 



https://arxiv.org/pdf/hep-ex/0209007
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My personal end of the universe at the time



Finally…

Importance of PID, proper time resolution, flavour tagging
68

A counting experiment 
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Loop back to the models 

arXiv:1904.10954 one example out of the billion out there. 

SM



Let’s us add complexity - Bs→J/Ψ (→μ+μ+) Φ (K+K-)

Mixture of CP odd and CP even eigenstates 

None negligible difference between the  
heavy and the light state of your the Bs mesons ΔΓs 

70



71

Fermilab paved the path of Bs physics 

Time dependent angular analysis 
We will come back to the to angular analyses in the second lecture 

Prompt 



It’s “just” yet an other counting experiment 

CP eigenvalues of the final state

arXiv:2308.01468Mixture of CP odd and CP even requires an angular analysis 



Very similar experimental techniques  
between the LHC three collaborations  

arXiv:2308.01468



An example of a UT fit 

Adopt a given parametrisation 

SM 

74http://www.utfit.org/UTfit/ResultsSummer2023



An example of NP interpretations 

https://arxiv.org/pdf/0707.0636



How to measure Ɣ ? 

It’s all about interferences ! 
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< Beautiful Mont-Blanc analogy > 
There is a myriad of techniques  

to measure this angle

ADS, GLW, BPGGSZ, etc. 
LHCb-CONF-2024-004



Which interference are we talking about ? 
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We can write down the amplitudes 



https://arxiv.org/pdf/hep-ph/0104062
80



Belle, PRL 94 (2005) 091601  

81

Here, both B→Dh peak at 0 when correctly identified  

ADS technique 



Example of a very spectacular asymmetry 

LHCb, JHEP 04 (2021) 081  
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Just drawing a line does not do justice to this work 



LHCb-CONF-2024-004 

Putting everything together 

Importance of charm inputs

Consistent analyses 
83



An other example of a direct CP violation measurement 

ARXIV:2012.12789 
Consistent with the world average
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Part of the Kπ puzzle expressed via this sum rule  

http://arxiv.org/abs/2012.12789


B→hh

An important quantity to control is detector asymmetries 

This constitutes the first observation of time-dependent CP violation in decays of the Bs meson.

85

Analyses that explore U spin symmetry 



Production of Λ0
b Expression of the asymmetry 

86
arXiv:2503.16954





Very pure selection & careful modelling of the backgrounds 
88

Signal mode
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From Raw to CP observable 

Production asymmetry Detection asymmetry

➤     Measured for the control mode for which 

➤      Measured for the signal



90

Control mode 



Production asymmetries 
• Production asymmetry 

dominated by gluon fusion.  

• Hadronization asymmetry of  
and  in pp collisions.  

• Ap 1-2% measured by LHCb as 
a function of kinematics.  

• ΔAp vanishes 

Λ0
b

Λ̄0
b

LHCb-PAPER-2021-016



Detector asymmetries 

Matter, antimatter interact with detector 
(made by matter) differently 

• 𝒇: different combinations of 𝒑, 𝑲, 𝝅 etc. 

• Including effects from reconstruction of 
particles, PID, trigger effects 

Obtained using data-driven method with 
calibration channels

• ΔAD vanishes 
92



Putting everything together 

This CP asymmetry differs from zero by 5.2 standard deviations, marking the observation of CP violation !
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Taking it one step further 

Studies in different mass region to study local effects



Taking it one step further 

95

Observe up to 6 standard deviations locally 

This discovery strongly suggests that 
specific intermediate resonances play a key role in 

generating CP violation



Some conclusions

• There has been an incredible 
progress in the last decades.  

• The CKM mechanism seems to be 
working really well.  

• Yet there is still plenty to understand 
to reconcile our observations and 
expectations.  
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If you have questions yasmine.sara.amhis@cern.chIf you have questions yasmine.sara.amhis@cern.ch

Let’s take a little break and we continue with  
EFTs and all the good stuff. 



98

Searching for New Physics with penguins
 transitions are a great laboratory to search for New Physics in an indirect way b → sℓ+ℓ−

Lepton Universality tests

Study local and non-local effects

LH
C

b-
PA

PE
R-

20
22

-0
46

/0
45

LH
C

b-
PA

PE
R-

20
24

-0
11



Lepton Universality tests 

Angular Analyses 
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Standard Model 

New Physics

100Note to self next time add LQs 



Effective Field Theory 

101hep-ph/9806303
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Effective Field Theory 
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Effective Field Theory 
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Effective Field Theory 



SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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Why we always talk about q2 ?



Charmonia  

Photon pole  

108



https://arxiv.org/pdf/hep-ph/0512222
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Photon pole - family of radiative decays

CLEO, PRL 71 (1993) 674  

111

LHCb, PRL 123 (2019) 031801  



Example of an indirect search 



JHEP 12 (2020) 081  

A glimpse of what goes on here 

113
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What else? What happens if we look for ultra-rare decays? 



115
LHCb, PRL 128 (2022) 041801 CMS, PL B842 (2023) 137955 ATLAS, JHEP 04 (2019) 098 



Fairly old plot but still  makes the point

116

Alw
ays be grateful to D

.Straub for inventing Flavio



The idea behind a lepton universality test 

It’s very simple  
we expect the coupling to the leptons  

to be the same 

これはシンプル。

レプトンとの結合はどれも同じだと期待できます。
それをテストしてみようというわけです。
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From the PDG or equivalent : Lepton  
Universality  

tests 

118

レプトン普遍性のテスト



“The” observable 

A powerful probe to look for NP in an indirect way. 
Today, we discuss three papers: 1705.05802, 1903.09252, 2103.11769

119



The “Simplicity” of Lepton Universality test 

Similar observables in charged currents 

120

Loop induced 

Tree level 



1909.02519

What can we expect in the SM 
1605.07633

 121

Assuming V-A currents 

https://indico.in2p3.fr/event/18845/


1909.02519

What can we expect in the SM 

1605.07633

https://indico.in2p3.fr/event/18845/122

https://indico.in2p3.fr/event/18845/


Why are electrons complicated? 



σ ∝1/ml2  

Energy loss ∝ Ee  
Energy loss ∝ material 

124

Bremsstrahlung 

Match electron tracks to photon clusters in the ECAL  
Correct electron momenta by “attaching” photons.  

Three categories of events: 0, 1,  > 1 photons  
Different invariant mass shapes due to under- or over-correcting  
ECAL resolution is worse than tracker.  
Bin migration included in systematics.



From Vitalii Lisovskyi my former PhD student

Electrons vs muons
Even after Bremsstrahlung recovery, electrons still have degraded momentum, mass, q2 resolution.

Particle ID and track reconstruction efficiencies also larger for muons than for electrons.

125

Get the differences between 
electron and muon efficiencies 

fully under control



What does the data look like?



What is actually measured is 

127

Try to calibrate as much as possible from data
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Getting the single/double ratios correct is very painful but it pays off

Checked also in various bins of kinematic etc. 



Now we look at the data 

Once again the muons are a day at the beach 

The electrons less so



The cold shower 
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Why a cold shower?  
The result before that indicated a consistent pattern.  

But !  
These results are still statistically limited…  



Just for reference - the pre-cold shower picture 
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Local and 
nonlocal effects 
in b → sℓ+ℓ−



Tensions in  decays have persisted for ~10 years b → sμ+μ−
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Figure 1: Full update. 1� (dark-shaded) and 2� (light-shaded) confidence regions for

(CNP
9µ , C

NP
10µ) (left) and (CNP

9µ , C
NP
9e ) scenarios (right). Distinct fits are performed separating

each of the b ! s`
+
`
� modes (short-dashed contours), the LFUV observables and the

combined b ! sµ
+
µ
� modes (long-dashed contours), and the global fit (solid contours).

The colour code is provided in the individual captions. Notice that some fits (for instance

the B ! K
(⇤)

`
+
`
� Fit(s) and the LFUV Fit) share a number of observables and thus are

not completely uncorrelated.

excluding these observables is negligible for both “All” and “LFUV” fits, as we checked

explicitly.

Fig. 1 displays the 1 and 2� contours for the 2D scenarios (CNP
9µ , C

NP
10µ) and (CNP

9µ , C
NP
9e )

with regions corresponding to the constraints from individual modes, the LFUV observ-

ables, the combined b ! sµ
+
µ
� modes and the global fit.

For the (CNP
9µ , C

NP
10µ) scenario, the grey contour (obtained from B(Bs ! µ
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µ
�) and

B(B ! Xs`
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�)) is consistent with C

NP
10µ = 0, driven mainly by the consistency of the

current global average of B(Bs ! µ
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�) with the corresponding SM estimate. While the

combined b ! sµ
+
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� observables do prefer a slightly positive value for C
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10µ, the LFUV

observables and the specific B ! K
(⇤)

`
+
`
� observables prefer a more negative value, with

the final outcome being that C
NP
10µ is consistent with zero at 1� but has a slightly negative

central value in the global fits. All the constraints are consistent at 1� with a value of

C
NP
9µ = �1.

For the (CNP
9µ , C

NP
9e ) scenario, the e↵ect of the new R

K(⇤) measurements from LHCb is

visible, leading to a constraint corresponding to C
NP
9µ = C

NP
9e at 1� throughout the parameter

space, hinting towards a lepton-universal NP contribution to the semileptonic O9 operator.

Obviously, the combination of the b ! sµ
+
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� modes cannot put any constraints on C
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9e .

The B ! K`
+
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� observables prefer negative values for both C
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9µ,e and are consistent with

the relation (CNP
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9e ) at 1�. This stems from the fact that RK is the only B ! K`
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observable that contributes to C
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values for both Wilson coe�cients, but with negligible correlation.

– 11 –

Current measurements point to an anomalous vector contribution 

Is this New Physics or a Standard Model QCD effect?

: A very brief history B0 → K*0μ+μ−
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Tensions have persisted for ~10 years 
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 has caused lots of interest in the communityB0 → K*0μ+μ−
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: A very brief history B0 → K*0μ+μ−
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2013-037.html
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2020-002.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2015-051.html
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Current measurements point to an anomalous vector 
contribution - one example of a global fit out of the many.

Algueró, M., Biswas, A., Capdevila, B. et al.   
[EPJC 83, 648 (2023)]

: A very brief history B0 → K*0μ+μ−
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https://doi.org/10.1140/epjc/s10052-023-11824-0
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>

1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit> C7

C9 C10

B0

ℓ+

ℓ−
Z0/γ

W+ K*0
The  decay doesn’t live in isolation…B0 → K*0μ+μ−

What does the topology look like ? 
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>

1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>
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ψ(2S)

Broad  
resonances

cc̄

C7

C9 C10

Many of the contributions are vector-like 
 This mimics the  contribution→ C9

Can we model them?

Interference
The final state receives large 
contributions from ‘charm-loop’ 
resonances 

The  decay doesn’t live in isolation…B0 → K*0μ+μ−
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Figure 9: Angular observables (P -basis) obtained a posteriori from the fit results of the two fit
configurations; the subfigures isolate the contribution from non-local e↵ects to the given angular
observables. The LHCb result from Ref. [9] is overlaid for comparison, together with the SM
predictions from DHMV [14,15] and (for P 0

5) GRvDV [16].
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Dispersion relation
✓ Unbinned amplitude analysis to the whole  region 

✓ First measurement using the full Run1 [2011-2012] and Run2 [2016-2018] data 
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Strategy 
Angular analysis preformed in the three decay angles and q2

• Resolution  

• S-wave parameters 

• Background model 

From Data

Fit determines 150 parameters: 

• , . , , 


• Mag. and Phase of 1-particle resonances


• Real+Imag   per helicity


•  per helicity


• Form factors 

ℜ(C9) ℜ(C10) ℜ(C′￼9) ℜ(C′￼10) ℜ(Cτ
9)

D(*)D(*)

ΔC7

• Acceptance model 

From Simulation

• Local  Form factors B → K*
From Theory

GRvDV [JHEP 09, 133 (2022)]Gaussian constrained 
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Figure 5: The q2 projection from the baseline data fit. The total PDF is decomposed into signal
and background components, with the signal contributions further decomposed into local and
nonlocal contributions as described in Sec. 2.5.1. Note the hybrid linear/log scale to incorporate
the very tall peaks from the charmonium states.

uncertainties. The SM values for the Wilson Coe�cients obtained from Ref. [14] are708

also indicated in Fig 6, revealing a 2.1� deviation in the C9 fit result, and otherwise709

good agreement with SM. Two-dimensional likelihood profiles for C(0)
9,10 are also obtained,710

as shown in Fig. 7. The parameters of the dominant nonlocal contributions, i.e. the711

one-particle resonance amplitudes, are listed in Tables 5 and 6, and the two-particle and712

non-resonant contributions to C7 are given in Table 7.713

The prior and posterior values for the local form factor parameters are given in Table 8.714

Projections of the fit on the angles as well as q2 in the individual subregions can be found715

in Fig. 17 in Appendix C.716

7 Discussion717

The primary observation to be made based on the results of Sec. 6 is that while the718

data-driven nonlocal model used in this analysis shows that there is some contribution of719

nonlocal amplitudes in the q2 regions used by previous binned analyses [4], it still prefers720

a value of C9 that is shifted from the SM expectation. Based on a 1D profile likelihood721

24

C Fit projections in q2
sub-regions890

The four-dimensional maximum likelihood fit to the signal region is performed simultane-891

ously in three q2 regions, as described in Sec. 3.3. The results of the fits to the cos ✓K ,892

cos ✓`, �, and q2 distributions within each of the three regions are shown in Fig. 17.893

Figure 17: Result of the fit to candidates in the signal mass region. The four rows correspond to
the distributions of cos ✓K , cos ✓`, � and q2. The three columns correspond to the low-, mid- and
high-q2 regions. The total PDF is shown in blue, the signal PDF in red and the background PDF
in dotted black. The impact of the neglected exotic states is visible in the cos ✓K distributions.

43

Preliminary 

Preliminary 

Preliminary 

Preliminary 

Projections



Results 
Biggest deviation is  with 

 at  from SM
C9

ΔCNP
9 = − 0.71 2.1σ

Figure 7: Two-dimensional likelihood profiles for selected combinations of the Wilson Coe�-

cients C(0)
9,10. The shaded regions indicate the 1� and 3� contours considering only statistical

uncertainties, while the dotted contours indicate the same regions with systematic uncertainties
included. The horizontal and vertical dotted lines show the Standard Model values.

presence of right-handed currents.729

This is the first direct measurement of C9⌧ , and the value of C9⌧ = �116 ± 264 ±730

98 is consistent with both zero and the SM expectation of lepton flavour universality,731

CSM
9⌧ = 4.27 [14]. The uncertainty on C9⌧ is dominated by statistical e↵ects. The largest732

systematic uncertainty, accounting for ⇠ 30% of the total uncertainty, arises from the733

constraint on the relative size of the B0 ! D(⇤)D̄(⇤)K⇤0 contributions, as detailed in734

section 2.5.1. The development of theory calculations that can be used to constrain the735

B0 ! D(⇤)D(⇤)(! µ+µ�)K⇤0 amplitudes would help improve sensitivity to C9⌧ in future736

measurements.737

The current best upper limit on B(B0 ! K⇤0⌧+⌧�) is 3.1 ⇥ 10�3 (90% C.L.) [64],738

corresponding to an upper limit of |C9⌧ | < 681 at 90% C.L. (assuming no New Physics739

contribution in C10⌧ ) or |C9⌧ | < 595 (assuming C10⌧ = �C9⌧ ). The 90% upper C.L. on |C9⌧ |740

from this work is |C9⌧ | < 501 (|C9⌧ | < 596 at 95% C.L.). To convert the upper limits on741

B(B0 ! K⇤0⌧+⌧�) in Ref. [64] to upper limits on |C9⌧ | the flavio package [65] was used,742

with local B0! K⇤0 form factors from Ref. [29] and subleading e↵ects parameterised as743

in Ref. [15].744

A number of cross-checks are performed to validate the results of this analysis. The745

26

Preliminary 

Preliminary Preliminary 

Preliminary 

Global significance  from SM∼ 1.5σ

 dominates systematic 
uncertainty 
ℬ(B0 → J/ψK*0)

Table 4: Results for the Wilson coe�cients. The first uncertainty is statistical, while the second
is systematic.

Wilson coe�cient results
C9 3.56 ± 0.28 ± 0.18
C10 �4.02 ± 0.18 ± 0.16
C 0
9 0.28 ± 0.41 ± 0.12

C 0
10 �0.09 ± 0.21 ± 0.06

C⌧
9 �116 ± 264 ± 98

asses this bias, pseudoexperiments are generated with the di↵erence between the open-676

charm components set to 1.5. These pseudoexperiments are then fitted twice, once677

with the baseline constraint-width, and once with an unbiased constraint-width of 1.5.678

The di↵erence in the fit results is assigned as a systematic, and besides the open-charm679

parameters, the main a↵ected parameters are C9 and C9⌧ , with systematic uncertainties680

of 24% and 29% of the statistical uncertainty respectively.681

5.5 Sub-dominant e↵ects682

The experimental resolution in the angles cos ✓`, cos ✓K , and � is not explicitly accounted683

for in the signal model. Unlike the q2 spectrum, however, the angular distributions contain684

no sharp peaks and are thus not greatly a↵ected by the detector resolution. Ensembles of685

pseudoexperiments emulating the e↵ects of the angular resolution were used to confirm686

that this has no significant e↵ects on the signal parameters of interest.687

The q2 resolution is accounted for in the baseline model as described in Sec. 3.3. The688

parameters of the resolution model are assumed to remain constant within each q2 region689

— an approximation that holds to varying degrees as a function of q2. Pseudoexperiments690

investigating the e↵ects of mismodelling the q2 resolution were performed and no significant691

e↵ects were observed to result from this assumption.692

After the full selection has been applied, the fraction of events that contain more693

than one candidate is approximately 0.18%. These events are unlikely to correspond694

to multiple true candidates and are not distributed evenly throughout the phase space.695

However, the distribution of events with multiple candidates is found to be well modelled696

in simulation, hence all candidates are retained in the subsequent analysis and a small697

systematic uncertainty related to their inclusion is determined from simulation.698

6 Results699

The full q2 spectrum resulting from the simultaneous fit is shown overlaid on the data in700

Fig. 5. The total PDF is decomposed into signal and background components, and the701

signal component is further decomposed into the contributions from local amplitudes, one-702

and two-particle nonlocal amplitudes, and the interference between them. The same results703

are shown with alternative signal decompositions in Figs. 18 and 19 in Appendix C.1.704

The optimal values of the Wilson Coe�cients C(0)
9,10 and C9⌧ are listed in Table 4. The705

corresponding one-dimensional likelihood profiles are shown in Fig. 6, wherein the 1�,706

2�, and 3� confidence intervals are indicated considering both statistical and systematic707
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0.4σ

In agreement with previous unbinned analysis  
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Figure 9: The nonlocal contributions from (maroon) this analysis that includes one- and two-
particle hadronic amplitudes expressed as shifts to C9. The contributions from the �C�

7 terms
are also included, but the tau-loop contribution is excluded. The results of z-expansion fits [36]
from the 4.7 fb�1 LHCb analysis [31] are also shown (pink) with and (yellow) without theory
input from q2 < 0. See text for more detail.
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Impact of the nonlocal amplitudes 
on the Wilson coefficients shown per 
helicity e.g. ∥
Good agreement with previous 
analysis 

Figs. 10 and 11 show the role of the nonlocal contributions in the observable P 0
5 and the810

di↵erential branching fraction, respectively. The nonlocal components are set to zero in811

the model when constructing the observables in order to plot only the local contributions,812

as shown in Fig. 10a for P 0
5 and 11a for the di↵erential branching fraction, d�/dq2. The813

local only observables evidently di↵er from the total across much of the q2 spectrum,814

including within the bins used in previous analyses [66]. By setting the Wilson Coe�cients815

to their SM values, SM “postdictions” of the angular observables can be computed from816

the signal parameters returned by the baseline fit to the data. The resulting observables817

are constructed using the data-driven nonlocal contributions from this anlysis and can be818

compared to the formal SM predictions from Ref. [29], as shown in Figs. 10b and 11b.819

The SM observable postdictions of this analysis have central values closer to those of the820

data, indicating that the data prefer larger nonlocal contributions than the formal SM821

computations. This is in agreement with the distributions of the nonlocal amplitudes822

shown in Fig. 9. Nevertheless, the SM postdictions also have di↵erent central values to823

the baseline fit that are closer to the SM predictions. The latter observation indicates that824

the nonlocal contributions, while important, are not su�cient to explain the deviation825

seen in the total observables.826
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Figure 10: Distributions of the observable P 0
5 constructed out of the signal parameters from

the baseline fit to data. In (a), the unbinned distribution is shown both with and without the
nonlocal contributions included in the amplitudes. In (b), the binned distribution is shown for
the baseline fit to data, and with the Wilson Coe�cients set to their SM values. These are
compared against SM predictions obtained from Ref. [29]

Overall, this set of results is consistent with those reported in recent global analyses827

of b ! s`+`� decays [20], which favour lepton flavour universal NP contributions to828

C9. Moreover, they are consistent with the findings of other complementary analyses829

investigating the e↵ect of the nonlocal contributions in B0! K⇤`+`� decays [5, 67] who830

also found them to be of only minor importance.831
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Figs. 10 and 11 show the role of the nonlocal contributions in the observable P 0
5 and the810

di↵erential branching fraction, respectively. The nonlocal components are set to zero in811

the model when constructing the observables in order to plot only the local contributions,812

as shown in Fig. 10a for P 0
5 and 11a for the di↵erential branching fraction, d�/dq2. The813

local only observables evidently di↵er from the total across much of the q2 spectrum,814

including within the bins used in previous analyses [66]. By setting the Wilson Coe�cients815

to their SM values, SM “postdictions” of the angular observables can be computed from816

the signal parameters returned by the baseline fit to the data. The resulting observables817

are constructed using the data-driven nonlocal contributions from this anlysis and can be818

compared to the formal SM predictions from Ref. [29], as shown in Figs. 10b and 11b.819

The SM observable postdictions of this analysis have central values closer to those of the820

data, indicating that the data prefer larger nonlocal contributions than the formal SM821

computations. This is in agreement with the distributions of the nonlocal amplitudes822

shown in Fig. 9. Nevertheless, the SM postdictions also have di↵erent central values to823

the baseline fit that are closer to the SM predictions. The latter observation indicates that824

the nonlocal contributions, while important, are not su�cient to explain the deviation825

seen in the total observables.826
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Figure 10: Distributions of the observable P 0
5 constructed out of the signal parameters from

the baseline fit to data. In (a), the unbinned distribution is shown both with and without the
nonlocal contributions included in the amplitudes. In (b), the binned distribution is shown for
the baseline fit to data, and with the Wilson Coe�cients set to their SM values. These are
compared against SM predictions obtained from Ref. [29]

Overall, this set of results is consistent with those reported in recent global analyses827

of b ! s`+`� decays [20], which favour lepton flavour universal NP contributions to828

C9. Moreover, they are consistent with the findings of other complementary analyses829

investigating the e↵ect of the nonlocal contributions in B0! K⇤`+`� decays [5, 67] who830

also found them to be of only minor importance.831
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Model building & direct searches
 Leptoquark candidate quite popular U1

 exchangeU1

CMS-EXO-19-016



More information
146

Observation of B→Kνν  
on the side of the world 

Very interesting result !  
Looking forward to seeing impact on phenomenology work  

https://indico.desy.de/event/34916/contributions/149769/attachments/84417/111854/Belle%20II%20highlights.pdf


 motivationb → sνν̄

147

• Most probably impossible at LHCb 

• Belle II cannot do all  flavours 

• Yet to be observed, besides evidence for  

• 2.7  tension with SM [arxiv:2311.14647] 

• Theoretically cleaner than the corresponding  

• Can be used to extract the CKM factor and hadronic form factors, and constrain Wilson 
coefficients 

• Novel probes of CPV from new physics [arxiv:2208.10880]

B

B+ → K+νν̄

σ

b → sl+l−

Plot of the maximum likelihood fit for  from inclusive taggingB+ → K+νν̄

FCCee

arxiv:2309.11353

https://arxiv.org/abs/2311.14647
https://arxiv.org/pdf/2208.10880.pdf
https://arxiv.org/abs/2309.11353
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 projectionsb → sνν̄
Studies on sensitivity at FCC-ee [JHEP 01 (2024) 144] and at CEPC [PRD 105 (2022) 114036] 

This kind of precision means that differential measurements will be possible 

FCCee



https://hflav.web.cern.ch/content/semileptonic-b-decays
149

Charged currents



Why do we care about this decay? 

150

• Can be used to measure the CKM element |Vcb| and highly sensitive to scalar contributions from NP. 

• No possible at LHCb due to missing energy-lack of constraints and reconstructed information.  

• No Bc production at Belle II.  

• A Tera-Z machine is an ideal machine to study this decay.
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With an EFT at μ = mb

Ci are the Wilson coefficients,  
null in the SM  using this convention. 

If one uses : 

CP lifts the SM helicity suppression  
 sizeable enhancement ! 



SM prediction
Tree-level Feynman diagram in the SM 

Decay constant from HPQCD and Vcb exclusive HFLAV. 
Looking forward to improvements of the decay constant computation with LQCD techniques.
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Decay topology

Bc lifetime very short ~ 0.5 ps,  
i.e too many degrees of freedom 
to fully reconstruct the decay.  

Explore the thrust axis properties 
and the hadronic τ decays.

Note : arXiv:2007.08234 explored leptonic τ decays.

FCCee



Comparison between current determinations of  and predicted 
determinations from Belle II and FCC-ee, where the FCC-ee values 

correspond to 2% and 4% uncertainty on .

Different central values are taken from the current Exclusive, Global and 

 values.

|Vub |

ℬ(B+ → τ+ντ)

B+ → τ+ντ

Results 
arXiv:2305.02998 Impact evaluated on NP models and 

 Lepton Universality observables  

But also… B+ → τ+ντ

154

FCCee

https://arxiv.org/abs/2305.02998


To almost conclude 

• We need New Physics ! 

• Flavour Physics is a super cool laboratory 
to search for it.  

• So far the Standard Model seems to be 
putting up a good fight.  

• We can only reply on the imagination of 
physicists to make the next 
breakthroughs. 

• There are a number of experiments lined 
up to pursue this adventure ! 



Good practices for PhD students 

• Keep an eye on arXiv.  

• Check the theory and experimental summeries talks at conferences and 
workshops  

• Check the review articles.  

• Check other submitted PhDs manuscripts.   

• Don’t be shy and ask questions. 
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If one day you become a PhD student 



And please please please
• Log your work, it does not matter if you use notebooks,  

software,  whatever.  

• Keep track of everything you do, we forget details, we forget 
obvious things. We always think that we will remember.  

• The amount of information to store only increases, so help 
your future you and write down things. 
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https://www.yasmineamhis.com/post/track-review-keep-or-toss

https://www.yasmineamhis.com/post/3-tips-for-new-phd-graduates



A colouring book for children is available at the CERN Science Gateway 

More information yasmineamhis.com 

http://yasmineamhis.com

