PA R I I I I 30 min... more advanced

 How well we know the CKM
matrix ?

« what do we learn from this
knowledge ?



The quarks ¢ b and t were discovered in an indirect
way by using rare decays, and more precisely FCNC, such as

K°= upu, K, =2 nm and B oscillations

~1970 charm quark from FCNC and GIM-mechanism K2= ppu
~1973 3™ generation from CP violation in kaon (g,) KM-mechanism

~1990 heavy top from B oscillations Amg




The Quantum path

The indirect searches
look for “New Physics”
through virtual effects from new particles in loop
corrections
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Fermi
Effective Theory

Experimentally from muon decay GF =

The effective coupling constant GF is expressed
as the SM « fundamental » coupling constant g
divided by the mass of the propagator M, squared
(consequence of Dim=6 operators [4legs])

[ | I I I | ] | | ] | ] |
In this specific case we know

-~ from SM e =g sin(6y) The weak interaction is not weak because of g<<e
—~ Experimentally ~ M,,~80 GeV but because of the large value for the W mass




Effective Flavour Theory to New Flavour Physics :
A game of scale and coupling

.k Qi(k+4))/Ak

New operators which are of dimension >4, in principle the theory is not
Renormalizable...as Fermi theory was not..!
[You can show that in B physics the new operators have dimension 6]

NP flavour effects are governed by two players
— the value of the new phyiscs scale A
— the effective flavour-violating coupling C’s

In explicit models
A ~ mass of virtual particle (Fermi theory : M,)
C ~loop coupling x flavour coupling  (SM/MFV qa,, x CKM) 5
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Example for B oscillations (FCNC-AB=2)

FCNC porcesses are ideal place to look for NP effects because they are suppressed in SM
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The measurements (in this case Amy)
are modified wrt the predictions of the SM by the presence of BSM particles.

modifications are important if couplings are larger and/or NP masses are lighter



Pictorially Flavour Physics

It is a game of couplings and scales

A -

- > {)

This is the basic region because it
IS important to have precise
measurements
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The CKM is unitary V V. +V V. +V V=0 LAiA
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C=(0.0 1 B=(1."




Each of the angles of the unitarity triangle is the relative phase of
two adjacent sides ([a part for possible extra m and minus sign)

C=10.0h

The reason of making the arg of the ratio of two legs is simple

x=[xety=[yle” x/y=(x|/|yhe
—» arg(x/y)=(H— )  Sotherelative phase

10
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for AC =

AV,

p+m » -
p= arg —V‘dV‘Ej = atan( n_j
Y Vchcb (1_10)
C=(0.0) B=(1.0) g -
V, V.
1 y= arg (L"f] = atan (2)
Vchcb P
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More explicitely with two examples :
[

s Rates of semileptonic decays of B’ :’
Provide information .
on V, (V . 2
ub ( Cb) h . ;___3 | ” (C)
; V-‘.Hb ”_.,.d]} o~ |Vub|2 |Vr.:b| )

B=(1.)

Circle around (0,0) in the p— plane

If we can access to the imaqginary part of
the ampliutude involving V,,, = access to y angle

y= arg(v j = atan( J
cd cb P
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s« B’ BYOscillations
b B d
W g TV e
d LA b

, o N v
Oscillation frequency of By ~ [Vy2 A8y - V&r) 1 =

cd " cb
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Circle around (1,0) in the p—m plane

........................

If we can access to the imaginary part of I
the ampliutude involving V, > access to § angle | ﬁ’ ~~~~~
v "
L= arg[ ‘] = atan (L_]
VoV 1-p)




An example on how to fit the UT parameters and fit new physics
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Global Fit within the SM All the constraints
Look compatibles !

|: : |rUT||‘” Y /
1;\—_:\simmerﬂ2 j &mu;t.?:
: "“‘33?::&& VY. Coherent picture of
0.5 s i
: = FCNC and CPV
e \ processes in SM
0 N
05k “ CKM matrix is the dominant source of
C flavour mixing and CP violation
_{_
w I | i |
-1 0 05 1

Out of these measurement there a general agreement that we have limited
the contributions of New Physics amplitudes (Ayp) wrt to SM ones (Agy)
at the the level of

Ayp What does it imply ?
R=-2% <20% s



Simplify the discussion with one example : B oscillations (FCNC-AB=2) :

b 1 ..... | a b | ,..E | — d
|- B b .d
it 't e F_
_ | — — | d | =
d | — b d l — | b b
% &
0.‘ ) .’
NP D 5b [‘-_ ‘Vt;)vtq ‘ r  upper limit of the relative NP contribution
AS—II?/IZZ <r - § - s \/F NP physics coupling
AB=2 "’ effj M w A,y NPscale (masses of new particles)
= no new sources of flavour and CP

*

violation NP contributions governed by SM
Yukawa couplings.

qpn®

If couplings ~ 1 ~\/"
B 5q'd Nth'th
AeffN 10/ \/I' TeV ﬁ (couplings small as CKM elements)

qu"“ 1

8p~1  Ag~2Ar TeV

S

Coupling r=20%
0 today 1<0.2 2> A+ > 180 GeV . Particles below 180
Order 1 |Asg~20TeV : ) i . . ..
GeV circulating in the loop would have given visiple
MEV A~ 180GeV | effects within the present level of precision




The test of the SM (in fermion sector)

1990-now - a huge number of precise measurements

= r UTjit | ¥ /
1= summer22 A,
}\-\ y ﬂ.mﬁ
4

N Discovery : absence of
SE New Particles up to the
e T ~2xElectroweak Scale!

0 < ~g
s - ....and at much larger

scale (>TeV) for some
New physics model

charm quark from FCNC and GIM-mechanism K°=> puu

3" generation from CP violation in kaon (gx) KM-mechanism

heavy top from B oscillations Amg

success of the description of FCNC and CPV in SM
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Coupling r=20% r=10%
o today tomorrow

r=1%
after tomorrow

Ay ~ 100 TeV

MEV IAeff ~ 180 GeV IAch ~ 250 GeV

Ay ~ 800 GeV

FLAVOUR PHYSICS
IS CENTRAL IN THE
NP SEARCH

because ALLOW TO« DISCOVER »
VERY HEAVY PARTICLE NOT
ACCESSIBLE TO DIRECT
SEARCH DEPENDING ON
COUPLINGS

t a given precision

18




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 100TEV) !

Where do we expect the scale of
New Physics??
This IS THE QUESTION !



10 10°E (Ge.VL :
I I _,f, Wz
Aut Abtank HH . H{:}H
Ii Wz
A2 a SN m " H
Mf;(Pz):Mﬁ(Az)+ngf ;... - R {:}
p2 DR
W
R A R

G\

3Gr
472./2 m24/2

The corrections to the Higgs mass are quadratically divergent* and A is the Energy
cut-off to the divergent loop integrals. (*AM, increseas depending of the choosed cut off A.)

MG = (6 My +3M5 + Mg —12mf) ~ — meN? ~ —0.075 A®.




...Indeed historically we have always followed the two ways...

“Quantum path”

/
/ A ——
A -~ 1

Loo|‘< for discrepancy wrt SM on many
different measurements

| | [
THE ENERGY FRONTIER @ Super B factory |

/‘.
N

~. -

Crucial : Luminosity

i \ l' .‘\

S — o
2 (DISCoveres) , THE LUMINOSITY FRONTIER /
Hadron Colliders = -
§ “:: 10-‘4 Peak Luminosity trends fnlast 30 years e AL ]
2 (top quark) Tevatron 5, -
w " b fa PEP I
a2 (W*Z bosons) SppS Y Iy 109 p
g 100 B ‘/ SLC, LEP  (Ny=3)— é / -
O TRISTAN . | S
) / - 7 ¢ TEVATRON
5 /féPETRA, PEP (gluon) g 10® 2. ey #9, LEP® CESR-C
5 /VCESR x pot? ARIsTAN 8 | of
> ‘é/PEAR 8l . Al e Y
= y i & ¢ DORIS W ¢ LRy e
g lng’EF-\.:i (charm quark, T lepton) 10 ® ff; oo Rols .l‘r'l;l,'.. ® 3/
.é 2 ADONE - o 0/ H
= e+e~ Colliders 10 7 Spps|
seee
9 / L
‘ 107 » ¢ |
1960 1970 1980 1980 2000 1970 1975 1980 1985 1990 1995 2000 2005 2010 21

Year of First Physics Year




QOO FoEOEMO.
than
Grazie mille K you very
> S 1S /ch
A Much
ey, 0, 3 gracigs e -

for your attention and your guestions !!



