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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.
If you wish references to textbooks from me a message



Tim Cohen 

Let’s see how Flavour Physics can help us go Beyond the SM ? 
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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? An angle?  

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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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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Where do we stand? 
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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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Hadrons ! One fundamental particle was discovered  
at the LHC so far…but also 75 new hadrons at the LHC

10This is the land of spectroscopy ! 
https://cerncourier.com

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



But actually ….



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 



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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CKM Matrix 

PMNS
Please refer to your favorite  

Neutrino lectures
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The other triangles

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



How we build the angles 
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Unitarity  
Can construct many triangles 
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It’s never a straight forward path 



A number of things that we still don’t know 

Why are there so many different fermions? 
What is responsible for their organisation into generations / families? 

Why are there 3 generations / families each of quarks and leptons? 
Why are there flavour symmetries? 

What breaks the flavour symmetries? 
What causes matter–antimatter asymmetry? 
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Almost twenty years ago ! 

https://www.yasmineamhis.com/post/the-wall-of-ugly-plots 23



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



Twenty years later where are we? 
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Y. Nir 

Emphasis the complementarity of direct vs indirect searches 



Oldie but goodie - an indirect road to discoveries and high scales

27Can we use Flavour Physics to probe higher scale? 



Two strange charged particles discovered:

the “θ” decaying to π+π0 

the “τ” decaying to π+π–π+  
★ Parities of 2π and 3π are opposite, but masses and lifetimes of θ & τ found to be the same 
Parity violation discovered 1957 (C.N.Wu et al, then many others, all following T.D.Lee and 
C.N.Yang) 

What is CP violation? The θ – τ puzzle: 

θ & τ are the same particle: “ K+ ”  
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From P to CP 
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.13.138 30
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1995 to 2023

http://ckmfitter.in2p3.fr/



33http://www.utfit.org/UTfit/
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Overall, we see a very consistent picture…this could be the end of the lecture ? 

M.Bona@ICHEP2024



Evolution over the last decades …. 
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You can’t make an omelette without breaking a few eggs 
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Need excellent:  
Vertexing 
Tracking  

PID  
Calorimetry  

Versatile triggers 

 Often we can’t have  
everything at the same time 

…decisions decisions…

Need a collider 



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 
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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
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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 
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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。



Standard Model

Which particle are we going to pick ? 

Remember we don’t find “free” quarks in nature
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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



Likelihood fit:  
Yields + other parameters   

data signal combinatorial  
background 
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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。
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https://arxiv.org/pdf/2402.05528

In real life, it will look like this … 



We take a break for today 
and I see you tomorrow ! 


