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• How well we know the CKM 

matrix ?

• what do we learn from this

knowledge ?

More/quite advanced
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Propagator=scale

f(m)    x
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f(m) X

GIM mechanism

When I squared I 

have the mt
2 at 

the numerator 

and MW
4 at 

denominator. 

IMPORTANT 

at the end the 

dimension is 1/E2

loop x coupling

----------------------

L2

loop x coupling
----------------------

L2
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This is the basic region because it 

is important to have precise 

measurements

Coupling

Coupling
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Circle around (0,0) in the − plane

1

More explicitely with two examples :

If we can access to the imaginary part of 

the ampliutude involving Vub → access to  angle
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CP-conjugated 

amplitudes :
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To better understand how to access the angle 
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If Af is just given by one amplitude   ACP = 0
CP violation requires at least two amplitudes

NOW suppose that you find a decay where Vub transitions are involved such that we 
have two possible amplitudes

 

 −

= 

= 





j j

j j

i i

f j

j

i i

jf
j

A a e e

A a e e

Af = |Vub| e –i +a

Af = |Vub| e +i +a

alters sign under CP
(weak phase)   i → -i ACP ~ sin  !
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Circle around (1,0) in the − plane

Oscillation frequency of Bd ~ |Vtd|
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b→cℓ and b→uℓBd and Bs mixingK : CPV in K decaysB→ccs : 1 /B→pp/p/ : 2/aB→DK : 3/

An example on how to fit the UT parameters and fit new physics
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Global Fit within the SM

Coherent picture of 

FCNC and CPV 

processes in SM

All the constraints 

Look compatibles !

What does it imply ?

CKM matrix is the dominant source of 

flavour mixing and CP violation
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The nice compatibility translates into
C  ~ 0 ± C   → in a limit on L

Upper limit on C ,  namely the value of C   

transalte in lower limit

L >

The power of exploration
to NP scale

goes like square root of
the precision on C 

mesasurment

> 1000 TeV !

In the most generic and strong interacting NP model
particles with mass less than 1000 TeV would have 

caused discrepencies on the UT fits
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In case of aw the limit is already L > 300 GeV !

Particles with mass less than 300 GeV would have caused discrepencies on the UT fits

> 10 TeV !

Scenario in which NP mimic the flavours properties (CKM) of the SM 
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The test of the SM (in fermion sector)

1990-now → a huge number of precise measurements 

Discovery : absence of 

New Particles up to the 

~4×Electroweak Scale !

….and at much larger

scale (>TeV) for some

New physics model
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In 20 years we improve the precision by about a factor 4 

which means we pushed our exploration by a factor 2 for the NP scale. 
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Where do we expect the scale of New Physics??

This IS THE QUESTION !

FLAVOUR PHYSICS IS AN EXPLORATORY PHYSICS ! 

IT ALLOWS TO EXPLORE SCALE FAR BEYOND THE 

REACH OF THE DIRECT SEARCH

SPAN FROM ELECTROWEAK SCALE TO

SEVERAL TEV (up to 1000TeV) !

FOR some scenario we still need to improve the 

precision by a factor 10 to reach the TeV scale !
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The problem of particle physics today is : 

where is the NP scale  L ~ 0.5, 1…1016 TeV
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Fermions: protection from chiral symmetry



26

Gauge bosons: protection from 

gauge symmetry

Gauge bosons: protection from gauge symmetry
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~3-4% 

correction !

mH = 125 GeV

~107% 

correction !

The quadratic sensitivity of the Higgs mass to
heavy states implies that new physics at very high
scales tends to drive the Higgs mass parameter
towards those scales, making the small
electroweak scale unnatural without a protective
mechanism.
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BACKUP



Why Do Quantum Corrections Depend on the Energy Scale?

Because of the virtual particle ! Vacuum fluctuation Δ𝐸⋅Δ𝑡∼ℏ. This means that

higher-energy virtual particles can exist for shorter times, but they still
contribute to physical processes.
When you compute quantum corrections to a physical parameter (like the Higgs
mass), you must sum over all possible virtual fluctuations, from very low
energy up to some high-energy cutoff

quantum corrections naturally depend on how high in energy you go — that's 

why there's energy-scale dependence

This leads to the concept of renormalization: fundamental parameters of the

theory (mass, charge, couplings) depend on the energy scale at which you're

probing the system.

For example, the electric charge of the electron effectively increases at higher

energies. That’s because at shorter distances (or higher energies), quantum

fluctuations "screen" less of the charge.

This energy dependence is governed by renormalization group (RG)

equations.

To explain
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Even though the SM is renormalizable, some of the renormalized quantities,
like the Higgs mass, are sensitive to the cutoff scale:
➢ The renormalization doesn't prevent large corrections to the Higgs mass

from high-energy physics.
➢ This creates the hierarchy problem, or the problem of naturalness.

So the SM is mathematically consistent and renormalizable — but it
still has deep physical problems that suggest it’s incomplete.

So What’s is the trick ?
➢ Renormalizability means we can cancel infinities — not that the

resulting finite values are naturally small or stable.
➢ If the quantum corrections are huge (e.g., from Λ∼1016 GeV), then the

bare Higgs mass must be chosen with extreme precision to cancel
those corrections and get the observed mass:

➢ To get the observed mH≈125 GeV the bare mass must almost exactly
cancel the large loop corrections.

→This is called fine-tuning and is/could be considered unnatural.

To explain
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