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Motivation

Universe is matter dominated!

� initial conditions (\...it does not satisfy me to shift the empirically established

asymmetry to one of the initial state...", Pauli, 1933)

� mechanism that breaks matter-antimatter equivalence.

Sakharov criteria: [A. D. Sakharov JETP Lett. 5, 24 (1967)]

� baryon number violating processes (GUTs),

� broken symmetry between matter and antimatter (vio-

lation of C and CP symmetries in the Standard Model),

� out of equilibrium conditions (Expanding Universe).

b

b
π

e

0

-

Standard Model CPV is too small to generate matter dominance in the Universe!

[P.Huet and E.Sather Phys. Rev. D 51, 379 (1995)]

Yurii Maravin SMU/CLEO
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Symmetry

� \Sum metria" (same measure), Polykleitos (5th century B.C.),

� invariance under the set of changes/transformations

Three important discrete transformations:

� C - charge conjugation [particle $ anti-particle],

� P - parity [(x,y,z) ! (-x,-y,-z)],

� T - time reversal [ t ! -t ].

νµν µπ π− −− −P

CPπ+ +µν
C

νπ+µ+

spin spin

spin spin

anti-matter

matter

Violation of symmetries with respect to C and CP transformations distinguish between

matter and anti-matte ) C and P are maximally violated.

Yurii Maravin SMU/CLEO
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CPV in the Multi-Higgs-Doublet Models

Therefore,

LH �
�

X�uLMdV dR + Y �uRMuV dL + Z�lLMllR
	

H+ + h:c:

X, Y , and Z are complex coupling of the charged Higgs to down-, up-type quarks, and

leptons

� = m�

m2
Higgs
[muZ
�X �mdZ
�Y ]

u

H

ν

dτ

� coupling is proportional to fermion mass ) largest e�ects in � decays.

Yurii Maravin SMU/CLEO



Search for CPV in � lepton decays.'
&

$
%

Search for CP violation in decay

Absolute value of a CP -odd phase has no physical meaning =>

� observe in interference e�ects

� need two amplitudes with relative CP -odd phase � and CP -even phase �:

+

φ
δ

φ
δ

CP:  

CP:  

A1 A2eiφeiδ

(odd)
(even)

jAj2 = (A1 +A2e
i�ei�)(A1 +A2e
�i�e�i�) = A2

1 +A2
2 + 2A1A2cos�cos � + 2A1A2sin�sin �| {z }

CP odd

� sin� 6= 0 ) complex CP -odd phase

� sin � 6= 0 ) complex CP -even phase

What is the CP -even phase?

Yurii Maravin SMU/CLEO
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B
0

fCPB
0 :

:

-odd

-even

CP

CP e i∆ tm

CKM

CP violation in interference between mixing and decay

CP

sffv

π

π

W
π

πν

τ
HΛ

ν

τ

:

:

-odd

-even

CP

CP

Λ

strong phases

CP violation in decay

Strong phase arises from QCD �nal state interactions between quarks

A �
X

Ale
i�lPl(cos scat)

Yurii Maravin SMU/CLEO
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resonance 
formation

W

τ

ν

u

d,s
strong decay

h

h0

Yurii Maravin SMU/CLEO
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Squared matrix element for � ! h���

τ

π
fv

W H
+ Λ

π

sf

τh h(q,s) (q,s)

(k)ν ν(k)

MW =
GFp

2
��
�(1� 
5)�VqQfVQ
�;

where the vector hadronic current is parameterized as a product of

Q� = [(p� � ph)
� � m2
� �m2
h

(p� + ph)2
(p� + ph)
�]:

and a vector form-factor fV describing the resonance in the �nal state.

MH =
GFp

2
��(1� 
5)��VqQfSM:

Here fS is a scalar form-factor, M - normalization parameter.

Yurii Maravin SMU/CLEO
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