PART IV

Unitarity Triangle Formalism

How well we know CKM
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Each of the angles of the unitarity triangle is the relative phase of
two adjacent sides (a part for possible extra 7 and minus sign)

The reason of making the arg of the ratio of two legs is simple
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s Rates of semileptonic decays of B’ i’
Provide information - v

on Vub (Vcb) 5 - T__IE 7 —| 2

Circle around (0,0) in the p— plane

You have to measure B decays b->c and b = c transitions



Bs and Bd oscillations thvt;
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Vchc:)

Circle around (1,0) in the p—n plane

You have to measure B meson oscillations
More precisely you have to measure Oscillation frequency



Infroduction to mixing and CP phenomena

Pairs of self-conjugate mesons that can be transformed to each other via flavour changing weak
interaction transitions are:

st O B-bd B -bs

They are flavour eigenstates with definite quark content ‘B°>
4

d

= yseful to understand particle production and decay

Apart from the flavour eigenstates there are mass eigenstates:
= eigenstates of the Hamiltonian

B), |B
= states of definite mass and lifetime ‘ L> ‘ H>
‘BL> =P BO> +q EO> |B,), |B,): mass eigenstates
B,)=p|B)-q EO> B%), §O>: flavour eigenstates
) =

Since flavour eigenstates are not mass eigenstates, the flavour eigenstates are mixed with
one another as they propagate through space and time 8



‘Bo(t)> (‘ I§°(t)>) : the flavour state of a B meson that was a B° (B? ) at t=0.

Schradinger equation governs time evolution of the B9-B° System:
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The time evolution of the mass eigenstates is governed by their eigenvalues :
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Time evolution of the physical states ‘Bo(t)> (|B°M))
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Probability to observe in the state f a B® produced at time t=0:
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P(B°(0) > f) = [(f|H|B"(t))
Probability to observe in the state f a B® produced at time t=0:
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The two master formulae (having however neglected AT :
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Considering only the mixing :

Starting from a B°

(8°|1|8° (€)= =52+ cosam) regeded | aip=1

Starting from a BO

&

If one does not neglect A p(useful for charm or B,) the previous formulae become
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So that one finds for the time dependent mixing asymmetry:
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UnMixed : B9 > B%or B> B°



Oscillations are characterized by Am which is relate_d to Vtd and Vts

The probability that the meson B° produced (by

strong interaction) att =0

transforms (weak interaction) into BU (or stays as a B?) at time t is given by :

1 _
0 om0y — =€ e (1
Bq—>Bq(Bq) 9

+CcosAm,t)

Am, is the oscillation frequency : 1 ps* = 6.58 10* eV

Am, =2‘M12‘

W ds

In SM :AF=2 process

GIM mechanism (Rate ~ m,?- m,?)

b ......
Bo t,c,u teu  BY%s .
ds wt B Dominated by t exchange
ds- @ b Rate LARGE

- - Allow to access fundamental parameters
of the Standard Model
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If we can access to the imaginary part of

the ampliutude involving Vﬂ - access to B angle

p= arg Vt — atan| —1__

Vd ch (1_/_))

C

If we can access to the imaqginary part of
the amplitude involving V@ - access to y angle
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Angles are accessible through CP violating measurements

Direct also with B*
A

0 A
B + direct fop 7

/”*\
\/

In the B experiment_we must choose final states
0 0 i
In the double-slit experiment, there thatboth a B”and a B can decqy nto. :
: We perform the B experiment twice (starting from
are two paths to the same point on 0 0
the screen. BY and from B®). We then compare the results.
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j | | CP violation if |A4]? # |4|?

A CP conjugate of A

_0 =
CP violation CP in mixing : B° B !
B° B° f
A
. . . . B f Only one
CP violation in decay (« direct CP») : _ existing for
b f charged B
Yy measurement A
B° f
CP violation in the interference BO f
between mixing and decay :
EO

16



¢ alters sign under CP

. 0. _ig
CP-conjugated Ar = A(B - f) Af = Zaj e 'e” j (weak phase)
amplitudes : '&r B A(|§ R f_) B i e P invariant
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Direct CP violation requires at least two amplitudes with different weak
and strong phases
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In this case weak phase difference : y
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2 Interferences between b-
(1-27/2)n SURN . \/tZth >c and b->u transitions
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Need to have modes for which D® and D° are undistinguishable ...
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Sensitivity on y depends strongly (linearly !) on the rg

Direct CP violation occurs because there are
two different ways of reaching the same final state
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What happened since....

Many new (or more precise) measurements
to constraint UT parameters and test New Physics
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http://darthvader.roma1.infn.it/maurizio/utfit/2bpg/ckm-s2bpg.html
http://utfit.roma1.infn.it/btaunu/ckm-btaunu.html
http://utfit.roma1.infn.it/btovg/ckm-btovg.html
http://utfit.roma1.infn.it/ckm-constraints/01-vub.html
http://utfit.roma1.infn.it/ckm-constraints/03-dmd.html
http://utfit.roma1.infn.it/ckm-constraints/04-dms.html
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Global Fit within the SM

Coherent picture of
FCNC and CPV
processes in SM
I= F ._
All the constraints i 32 / / ame
v aAm M
/

Look compatibles ! \
0.5 7

—0. R =

CKM matrix is the dominant source of flavour mixing and CP violation



Some interesting configurations
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Inclusive vs Exclusive

only inclusive values
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only exclusive values

p =0.164 + 0.009
n = 0.348 + 0.009
sin2p = 0.753 + 0.028

p =0.162 + 0.009
n = 0.356 + 0.009
sin2@ = 0.755 + 0.020



