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1. C: Charge Conjugation Operator -
particle to antiparticle

Introduction: CPT Symmetry
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2. P: Parity Operator - point inversion F
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3. T: Time Reversal Operator
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CPT is a well respected symmetry of physics
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Parity Violation

1956: Chien-Shiung Wu et al. designed an experiment to see Co-60 3-decay.
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Parity is violated by weak interaction!
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Discovery of CP Violation

K°(5d) and K°(ds) are flavour eigenstates, which mixes/oscillates via weak intereaction:

u,c W
. 1 = 0y d S —— d
Mass eigenstates: K1) = V2 (1K) + 1K) tW ] § Wt uc ¢ u,c
o 1 J—
(physical states) |K,) = TE“KO) — |KY)) d ——— — 35 7d—5== 5
B K° — K9 oscillation
CP eigenstates: CP|K°) = |K°)

CP|K;) = +|K;) (CP-even state)

CP|K,) = —|K,) (CP-odd state) K, - 21 But M(K,) =~ 500MeV and M(3m) ~ 420 MeV

— limited phase space for decay!
CP|nm) = +|mm) (CP-even state) Ky = 3m i 7(K,) ~ 100 7(K;)

CP|nnm) = —|nmm) (CP-odd state)
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to CP-even state) e found in neutral kaon decays




Types of CP Violation

1. CP violation in oscillation/mixing: superweak CP violation

|B1) = (p|BS) + al BY))
IB;) = (p|Bs) — alBg))

% # 1 : condition for superweak CP violation

2. CP violation in decay: direct CP violation
|A(B — )| # |A(B - f)|

3. CP violation in interference of decay and mixing: mixing-induced CP violation

0\ _ 4= q _ _
Im (;,Df) = |;,0f| Sm(arg(;) t arg(pf)) # 0 Pf =7



CP Violation in decay: Theory overview

Consider two CP conjugate amplitude: ¢: CP-odd phase / CP-violating phase

a—=b M= |M|ei5€i¢ -change sign on CP conjugation
~ T is —ic &: CP-even phase / CP-conserving phase
a—b: M=|Ml|e*e -doesn’t change sign on CP conjugation

Observables depend on modulus square of amplitude : |[M|?= |M|?

Introduce intermediate states;:a > 1 >banda—->2 - b 3

M = |M,|e!®1e01 4+ |M,|eib2ei52 _ 1 . o
a b

M = |M,|e""P1e!01 4 |M,|e~'P2¢102 Essential conditions to ‘observe’ CP violation in

\ , 7 decay ?

Observable “CP Asymmetry” 1. Two interfering amplitudes

_ _ _ 2. Different CP-odd phase
2 _ 2 _ _ _ —
M| IM]* = —4|M,||M;|sin(¢; — ¢2)sin(6; — 52) 3. Different CP-even phase

_ )2 3(p —
Source of CP violation in SM: Vionr — 1 );\/2 ] ))\\2 AN (p 2@ 4
: : CKM = - — A%/2 AN + O(X\*)

CP-odd phase in CKM Matrix AN(1—p—(in) —AN? 1

o A =



CP violation in BY = ¢¢

CPV phase in oscillation amplitude : B — B oscillation CPV phase in decay amplitude: B — ¢¢ decay
q_ VerVes 1\1(%9 = pP) x Vi Vis
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Interference in decay and mixing CP-violating

phase in
B? V*1V > O Route 1 interference:
tbVts ' . .
\ / i.e the decay and oscillation
Vtnts _ VibVes Route 2 amplitude CP-violating phase cancel
Ve V. BO ute
tb ts S

out each other!



Summary

* CP Violation in SM: complex phase in CKM Matrix

* Matter-Antimetter asymmetry: more CP violation required

* Three types of CP violation: mixing, decay and decay+mixing
* CP observables: probe for new physics
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