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orediction!
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(Particle Data Group 2012)
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varameters: 3 families — 9 parameters

— 5 phases
gles — 3 angles
-(2N-1)= N (N-3)/2 +1 — 1 CPV phase

d 3 families for generating CP-violation!
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- ‘ J< A — +0.022
A =0.22535 4 0.00065, A =0.81119022

p:

violation is too small to explain observed
atter asymmetry in universe
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height is measure for
CP violation!
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test of unitarity triangle:
— study of electroweak decays

B =0,
(0,0) (1,0)
Figure 11.1:

Sketch of the unitarity triangle.
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O(\*) terms neglected
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CP Violation and the Consequences
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If CP-violated, the above final states do not occur with same rate!

+~ Direct CP-Violation: different partial decay widths for particles and antiparticles

» CPV can explain observed baryon asymmetry in universe if in addition
baryon-number violating process exists
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CKM elements
aitive QCD corrections!

ent of CKM
violation from cross

decay mixing

B, — J/Psi K° — J/Psi K°

K® — KO oscillations B° — B? oscillations oV, V,,
- W+ _ - W+ -
ST d d—— - b

u,c,t u,c,t u,c,t u,c,t
............ b e
S W- d

] to measured ratio of CKM elements — CKM angles
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How to measure CP violation?

General rule:

Complex phase can only be measured in interference processes:

Three possibilities for “direct” measurement:
» direct CP Violation
» CP violation in mixing

» Interference between decays with and without mixing
(for example B, — J/Psi K))

— allows to search for additional (non-SM) CP sources!

Indirect measurement (model dependent!):
» measure all elements of CKM matrix Vij

» fit of Wolfenstein parameterisation — n (or Euler angles — 0)
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amplitudes:

o i(g—o) Af
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volved, there is an additional QCD phase shift:

‘weak . ‘QCD . weak ‘

+i(0+,) A | | 0—q,)

= |nl e’

strong interaction (strong phase shift 6) is CP invariant!
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X)|=1 (see previous page)

like a classical double slit experiment

|Af2| > ni"' n§+ 2|n1||n2| COS((81—62)+ ((P1_(P2))
|Af2‘ > ni"' ”3"‘ 2|n1||n2| COS((el_ez)_((P1_(P2))

[A; 1A |#1 if @©#¢, and 6,#6,
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|. Direct CP violation

Definition  |A7 /A[#1

not possible with single process as |exp(ix)|=1 (see previous page)

Superposition of two processes:

/®\® like a classical double slit experiment
Q\@/ |Af2| » ni"‘ n§+ 2|”1Hn2| cos((8,—6,)+ (¢, —@,))
|Af2| o ni"' ni"' 2|”1Hn2| COS<(61_62>_<(P1_CP2>)

8+cp2)

0, cP1
= |ny| €’ |”z|e A JAJ#1 f @#¢ and 0,%0,

161 (Pl 0, cPz)

|”1| € |”2| €

Can be measured in decays of charged and neutral particles!
[(K,»1"v,n )-T(K,»1 v,n") 5, = (3.32+0.06)x10"°
D(K,»>1" v )+ T(K, > vx") (experiment)

example: § =

Note: total decay width is not affect by CP violation (would violate CPT)
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different weak and QCD phases!
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son Decay
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tb ts

AjoF = +0.37 £ 0.10.

huge asymmetry!

different weak and QCD phases!
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time dependent charge asymmetry

K°—K° oscillations
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decay without
ith mixing

-osc. decay  K-osc. CKM-angle

AB — Kg) =@( tb “’) ( @ ) ( ") — Tm Mg = sin(2f3)

VaVia ) \ViVes ) \ VeV
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BELLE Detector KEK, Japan

. Silicon Vertex Detector

. Central Drift Chamber

. Aerogel Cherenkov Counter

. Time of Flight Counter

. Csl Calorimeter

. KLM Detector

. Superconducting Solenoid

. Superconducting Final
Focussing System

O~ O B =
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B — f By — f CKM dependence of A

Suppression
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always two identical flavours
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2ImA f

L+ [Ag[2”

DM~ — f7) = T(M*+ — f+) [ /A2 =1

AU/t [Ny s(t) — €+ X] —dD/dt[MS (t) — - X] 1 |q/p|*

dr /dt [Mypys(t) — £+ X] +dD/dt[MO (1) — (= X] 1+ g/plt

1 without mixing (neutral state)

) _. )
dU /dt[Mphys(t) — fop] —dU/dt[MDy (t) — fcp]
dT[dt [M s (t) — fop] + dU/dt My (1) — fop]

asymmetry often called S \/

CP-eigenstate

Afep(t) =
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Raw asymmetry Events/( 0.4 ps)
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Syr = Im(Aypg) = +0.679 £ 0.020

-5 0 5
At [ps]

ect in B-sector is much larger than in K-sector!
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ments

Siﬂ(z‘ﬁcﬁ) = Sin{2¢:ﬂ) VS CCP = -ACP Moriond 2012

=-A PRELIMINARY

large CP violation effects
In B-meson decays

.;-'
nK' .
04 |2 KKK ] this measurement
n K,
3 oK,
0.6 r=3 mKi? : ]
K | :
-0.8 _||_\__P;I |KL+ K-K:§ | |n > | | L]
-04 -0.2 0 02 04 06 0.8 1

sin(2B%") = sin(2¢5™

Contours give -2A(In L) = .ﬁf =1, corresponding to 60.7% CL for 2 dof
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[Ag— gt [Ag+o—1" — 1
A = == L = —0.087 +0.008 (I
K |AK_;|T+1/AH+1|T_|2 T 1 ( )

ensitive to new BSM physics!

Adl = (-33+33)x 1072 = |¢/p| = 1.0017 + 0.0017.

d _ 95 B top box
‘ASL =0 [(mcf’fﬂt)S]D ﬁ} ‘EJUUD]. dominates!
h and without mixing
Sur = Im(Ayg) = +0.679 £0.020 . (111)
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rements very consistent! No sign of non-CKM CP violation
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Summary

+ The CKM Matrix elements are determined from a
global fit to precision measurements

+ The CKM matrix is measured to be unitary and has a
non-zero CP violating phase

+ CP violation can be measured in particle decays if at
least two diagrams with different strong and weak
phases interfere

» CP violation shows up in decays and mixing (oscillations)
+ In Kaon system CP violation in mixing dominates

+ In B-system CP violation in decays with and w/o mixing
dominates

+ CP violation in hadron sector fully explained by CKM matrix
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re Experiments

LHCb (CERN) Running!
B-physics in pp collisions

Belle2 (SuperKEKB, Japan)
efee—>BB
being commissioned!
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