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Slight (~ 0.2 %) CP in K0 decays (1964)

Sizeable CP   in B0 decays (2001)

CP : Symmetry of nearly all observed phenomena

C , P : Violated maximally in  weak interactions

Huge Matter ─ Antimatter Asymmetry
in our Universe Baryogenesis

Complex Phases

Interferences

Thus, CP requires:

CPT    Theorem:                       T CP
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DIAGONALIZATION  OF  MASS  MATRICESDIAGONALIZATION  OF  MASS  MATRICES
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MeasurementsMeasurements ofof VVijij
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We measure decays of hadrons (no  free  quarks)

Important QCD   Uncertainties
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QUARK  MIXING  MATRIXQUARK  MIXING  MATRIX
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● Nf = 2 : 1  angle,  0  phases (Cabibbo)
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Standard Standard ModelModel :          :          33 fermionfermion familiesfamilies neededneededCP
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•• LowLow--EnergyEnergy PhenomenaPhenomena

•• SmallSmall EffectsEffects ~ ~ JJ

•• BigBig AsymmetriesAsymmetries SuppressedSuppressed DecaysDecays

•• B  B  DecaysDecays are  are  anan optimaloptimal place  place  forfor signalssignalsCP
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INDIRECT       INDIRECT       :   :   KK00 ── KK00 MIXINGMIXING¯̄CP
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BB00 ── BB00 MIXINGMIXING¯̄
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BB00 ── BB00 MIXING  AND  DIRECT      MIXING  AND  DIRECT      ¯̄ CP
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UNITARITYUNITARITY
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{ }f f
0 cos( ) sin) 1 ([ ( f ] )MC t M tSB t ∆→ + ∆Γ −∼

Cππ Sππ
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• Significant penguin pollution

P / T = 0.3 ± 0.1     (Buras et al)

• FSI phases (ambiguities)

• EW penguins

• B → π ρ , ρρ , a1 π
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MEASURING  HADRONIC  CONTAMINATIONSMEASURING  HADRONIC  CONTAMINATIONS

Time  Evolution

Transversity Analysis:    B → V V

Isospin Relations (Gronau-London)

Mixing (Gronau-Wyler, Atwood-Dunietz-Soni)

Dalitz Analysis
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…
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DIRECT       DIRECT       CP 5.9 5.9 σ   σ   signalsignal
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•• B B →→ ππππ datadata
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K K →→ ππ νν νν̄̄
( ) ( )* 2 2, /i s i W L L L LidF V V m s KM dµ µν γ ν π γT ∼

Buchalla – Buras
Isidori , Misiak – Urban
Falk et al
Marciano - Parsa

( )

( )

11

0 1

4

21

2 2

4

Br (7.7 1.1) 10

Br (2.6 0.

(1.4 )

5) 10L

K

K

A

A

η ρπ ν ν

π ν ν η

+ + −

−

⎡ ⎤+ −⎣→ = ± ⎦×

→ = ± ×

∼

∼
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BNL:    BNL:    few events!
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NewNew ExperimentsExperiments NeededNeeded
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SUMMARY      SUMMARY      
remains a major pending question

Related to Flavour Structure

Related to SSB Scalar Sector   (Higgs)

Important cosmological implications (Baryogenesis)

Sensitive to New Physics

Highly constrained in the SM:   1 phase only

Many interesting signals within experimental reach

Better control of QCD effects urgently needed

CP

CP
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ComplexComplex phasesphases in in YukawaYukawa couplingscouplings onlyonly::

( ) ( )
jk j

( ) (0)†

j j L k R k R(0) ( )†
j k

k( , ) h.c.Y
d uL d d uc cu

φ φ
φ φ

+

+

⎡ ⎤⎛ ⎞ ⎛ ⎞
′ ′ ′ ′= + +⎢ ⎥⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠⎣ ⎦

∑

(0) v / 2φ⎡ ⎤=⎣ ⎦SSBSSB

{ }( )
jL k R j

( )
jk jL Rk k h.c.

2
v1

vY
d uc dL d cu uH ′ ′⎛ ⎞+⎜ ′ ′= − + +⎟

⎝ ⎠

( )
jk
qc diagonalization

{ }jj

C

jL jR jL jR

†
iC ij5 j

i j

h.c.

(1 ) h.c.

1
v

2 2

Y udL

L

d d u u

g W d

m

u

mH

µ
µ γ γ

= − ⎛ ⎞+⎜ + +

= − +

⎟
⎝ ⎠

∑ V

TheThe CKM  CKM  matrixmatrix VVijij isis thethe onlyonly sourcesource ofof CPCP
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( )
i 5 j

i

( )
CC

j
ij

† (1 ) h.c.
2 2

ll Wg lL µ
µ ν γ γ= − +∑ V

SeparateSeparate LeptonLepton NumberNumber ConservationConservation R(   )νMinimal  SM  without

i
( )
ijj

l
lν ν≡ V

( ) †
5CC (1 ) h.c.

2 2
l

l
l

lgL W µ
µ ν γ γ− += ∑IFIF i

m 0ν =

( Co, n, served )eeL L L LL L µµ ττ + +

IFIF i

i
R exist  and   m 0νν ≠ 

BUTBUT 11 7Br ( ) 1.2 10 Br ( ) 3.1 10eµ γ τ µ γ− −→ < × → < ×;
(90 % CL)


