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3.2 CP Violation in the Standard Modell

see Wolfenstein
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Origin of
CP Violation
(CPV)

Unitary of CKM matrix: VVT =1 — 6 “triangle” relations in complex plane:
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Rescaled unitarity condition V.V, +V. Vg, +V,,V, =0
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3.3 Observation of CP Violation - Phase measurement

— Interference experiment
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B ~f ' B > f

A, e fep oI : Kz _A, o-itp gi0
CP
Weak and CP invariant  __,
|A|2 :A12 n Az2 phase difference ‘A‘ :A12 + A22
+2AA, cOS(¢ep + ) +2AA, COS(¢ep — 5)

Need two phase differences between A, and A,: Weak difference which changes
sign under CP and another phase difference (e.g. strong) which is unchanged.
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“3 Ways” of CP violation in meson decays

a) Direct CP violation |
— #
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P(B —f)=P(B —>f)

B weak strong
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b) CP violation in mixing

q

i o el ek

P B B° B°B°
P(B® - B%) = P(B° — B°)

c) CP violation through interference of mixed and
unmixed amplitudes
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(B — f)(t) # [(BZ — f)(t)

Asymmetrie modulated by ~ sinAmt

Combinations of the 3 ways are possible!
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Ad a) Direct CP violation (B system)
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Strong phase difference
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b) CP (T) violation in mixing

T violation
G
q _ _
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c) CP violation in interference between mixing and decay

B® 5> J/yK, BY - J/yK,
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SM prediction of A.p for BL@ e = 1

_ KO mixing -
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Beside V4 all other CKM elements are real
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Same for all ccK® channels

-ip VCP‘ =1 . Lo
V., = e = . no direct CPV, no CPV in mixing
o Ml Im(igp) = Sin(2B)

Calculation of the time-dependent CP asymmetry
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Time resolved P
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indicates direct CP violation
= sin2p for B®—JhyKg if |o/p|1
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_ DB (1) > fep) ~T(B(t) > fep) _ -
Acp(t) = TE0) > fe) s TE > ) sin2 sin(Amyt)

To measure CP violation in Bg system:
* Need many B (several 100 x 109)

* Need to know the flavor of the B at t=0

* Need to reconstruct the decay length to measure t

3.4 Measurement of sin23: Asymmetric e* e-B factory

B=BY/B~+
Ecys = 10.58 GeV

L, soowvss

Symmetric:

e- 5.3Ge\£ :5.3GeV e+ B mesons decay at rest
— decay length z~0

Asymmetric:

_ 9GeV 31Gev _,  _ _.- .é, decay length

e —M «— e - e > z~250pum

Boost = 0.56 -




Advanced Particle Physics: IX. Flavor Oscillation and CP Violation

U. Uwer

Measurement of sin2p3: Coherent oszillation
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Measurement of sin2p: Golden decay channel

Acp (t) = sin2B sin(Amt)

Events /(0.4 ps)

Raw asymmelry

PRL 94, 161803.
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3.5 Experimental status of the Unitarity Triangle

0.6 2 % =

i L S =

053 =2\ N =

3 ﬂ-ﬂu'ﬁ £ \ i/ =

04 = \

= % =
X

03 o |

0.2 =

0.1 o=

Standard Model CKM mechanism confirmed
1. Large CP Violation in B decays A triple triumph
2. Large direct CP violation observed

3. CPV parameter related to magnitude of non-CP observables

3.6 Baryon asymmetry in the universe

Does the Standard Model explain the baryon symmetry in universe?

Andrei D. Sakharov, 1967
e Baryon number violation
« Cand CP Violation

» Departure from thermal equilibrium

» CPviolation in quark sector is a factor ~10° to small.

« forM > 114 GeV: Symmetry breaking = 2"d order phase transition

Higgs

Attractive: Super-symmetric extensions of Standard Model

» Additional CP violation through supersymmetric particles

» Extended Higgs-sector — strong phase transition

Alternative: Lepto-genesis

10



Advanced Particle Physics: IX. Flavor Oscillation and CP Violation

3.7 Flavor and CP Physics as probe for New Physics

Aim: Search for New Physics in loop-processes
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Box-Diagramms (oscillation) Penguin amplitudes

Deviation from the Standard Model
Absolute rates und phase dependent CP asymmetries

Complementary to the direct searches for NP by ATLAS/CMS

Historical examples: GIM Mechanism, B Oscillation

Future searches for New Physics

B, mixing (new phases):
0/R0
BS (BS )_)J/l//¢ BR~3X1O—5 (visible)
CP Violation in penguin decays:
B°(B°) > ¢K, BR~2.10° (visible)
BJ(B)) > ¢4 BR~10° (isble)

Precision meas. of CKM Phase y:

Alla- +,0 O £.0 v
Tree Zerfalle: B*" — DK BR ~10°°

Loop Zerfalle: B, - DK, KK

Rare deacys:
B > K™ BR~107°

0
Bs) = 4 BR~10"°

U. Uwer
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LHCb — B Physics at the LHC

Muon system

Elactromagnetic calorimetar

Trac:kling gystem

B Meson Production at the LHC

LHC
« pp Kollisionen bei \s = 14 TeV
{cine, ~80 mb
Cpp ~ 500 pb
» Korrelierte Vorwartsproduktion der bb

e firL~2x10%cm2s"
(defokussierte Strahlen am LHCDb IP):

n=05IA/BX (ATLAS 5...25)
~102 b b Ereignisse/Jahr

LHCDb

* Ein-Arm Vorwartsspektrometer
12 mrad < 0 < 300 mrad(1.8<n<4.9)

Gluon-Gluon-Fusion:

bb Produktion [
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Typisches B Ereignis in LHCb

: | Simuliertes Ereignis |

alle
25ns

* Physik verlangt Rekonstruktion des Zerfalls |
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