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A1 and A2 need to have different weak phases ¢ and different strong phases ¢.

For sizable (measurable) effects both amplitudes should have about same size,

and both phase differences have to be sizable.

To conclude on weak phases, strong phases need to be known/measured.



CP Violation in one Page

Mass eigenstates: Flavour eigenstates:

gy 1
Br = p|BY > +q|g> w.mp, T B_U 55 (|BL > +|Bu >)
Bpy =p|B®> —q|B > wmy. Ty~ BY= 4 (|BL > —|By >)

|p?| + |g?| = 1, complex coefficients

» CP Violation in mixing
If |%| #+ 1; mass eigenstates are no CP eigenstates;
— P(B® — B9) + P(BY — BY)
» CP violation in decay |A(B — f)| # |A(B — f)|
Definition valid
for all meson

systems not only
for B system
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» CP violation in interference of mixing and decay: Im(g
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CPV In Kaon System

Interfering amplitudes which cause CPV in mixing:
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Neutral Meson Mixing

P CP(K°) = K°
Kl i cP(K% = K°

17"
/KO K= (K + K)
: =

CP(K;) = +K;

K°, KO: flavour eigenstates; clear defined quark content (K0 = |ds >, KO = |ds >)
K1, K5: C'P eigenstates
Kg, Ky mass eigenstates

(with clear defined mass and lifetime, le/L(t) — ¢~ ms/LteTs/Lt/2 )

in absence of CPV: Kg = K1, K5 = K>
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Kaon Mixing

P(K? - KO =< K%(t)|K° >=

%|%|2 (e_rLt 1+ e Tut _ 9o~ TL+lm)t/2 oog Amt)

P(K0 — K% =< KO(t)|K? >=

1 . . —_
Z|§|2 (e Lot | e Tut _ 9e—TL+TH)E/2 g &mt)

CP conserved: P(K°? — K9) = P(K? — K°)
S
q| _
(+ normalisation g2 + p? = 1)
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Ks = K1, K1 = K>
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1964: Discovery of CPV

e produce K9, wait long enough for K'g component
484<m* <494 {10
to decay away — pure K, beam
o L gy
e search for C'P violation: K — 7w
30
— excess of 56 events: BR(K; — 7T+7T_) ~2x 1073
420
494 < m*< 504 tio
504<m*<514 Tie
ALy g
0.0996 09997 09538 09599 1.0000
cos B

mass eigenstates # CP eigenstates: | Ky, >= \/iﬂKz > +¢|Kq >)
1+ |e?
CP=1  CP=+1
Nobel prize for Cronin and Fitch in 1980
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New physics in B, mixing?

B B SM: A% = (-0.20 4-0.03) x 1073
» P(B — B) # P(B — B) A. Lenz, U. Nierste, (2006/2011)

* , w ,6.1 i1
semileptonic asymmetry 0.01
(B? + Bs) .
% B H -0.01 lnﬂfg _
B > i . i mr;r..
L 0,02} * Standard Mm:'le.{ :

B Factory W.A. "
- DOB D nX
0.03 Pre]]rnlnﬂry

B——>B ——u'

- Combination
B > " .0.04-0.03-0.02-001 0 0.01 ]
ag
_ N(ptpt)-N(u—p) o
A= N(pT ) +N(p—p) Asi = -0.957 = 0.251 (stat) == 0.14 (syst) %

N(pT)=N(p™) (Phys. Rev. Lett 105, 081802 (2010))
N({pT)+N(p—)

a =
— 3.20 deviation from SM



Direct CP Violation

Strong phase difference

CP Asymmetrie ‘EF — ‘A‘z = 4|A1HA2‘Sin(98in§



t N(B°/B° > K*z")=1606 + 51

Aoy - NB° 5Kz )-NB°’ > K z*)
" NB° 5K 1)+ NB° > K 7)

Az =—0.133+0.030 +0.009
4.2c

Asymmetry Events /2.5 MeV/c’

i
-
[
|
| L

52 522 524 526 528 5.3
My, [GeV/c?]

PRL93(2004) 131801.
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Lot’s of direct CPV ...
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Due to unknown strong phases, hard to relate CPV directly to CKM parameters :-(.

"The strong interaction can be seen either as the unsung hero or the villain in the

story of quark flavour physics”, |. Bigi.



CPV in interference of mixing and decay

Measurement of sin(203): golden channel By — J/9¥ K

“Golden”: large statistics, easy to detect, (almost) no CPV in decay

Weak phase: Im(gﬁ-) B = arg -“%—g%i



B; — J/VYK"

Reach same final state through decay & mixing + decay

(assume no CPV in mixing and no CPV in decay)
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Al = Amiz(B° = BY) % Agecay(B? — J/TK®) = cos( ) * A x e

Amt . . .
m )*e"'“i’ x Axe WAK xeT

A2 = Amiz(B° = B9 % Agecay (B — J/UK®) = isin(

weak phase difference A — A1: Ap = ¢ — 2w+ £ = 23

strong phase difference /Ad = 7 /2 <= mixing introduces second phase difference



Bd—> J/\IJKU

dﬂrl’

I é}ﬂ W
ot

VipVid Vb Vs Ves Vg
VisViy Vi Ves Vi Ved

Tt e led) arg[v =2
VieVig Ve Ved Vib

Ap = ¢—2w+E&=arg|

= arg|

¢ quark dominates mixing box diagram



Correlated B Production

 N(B—J/vYKs)(t)—N(B—J/{Ks)(t) : :
Alt) = N B TR OTN BT oK ) — "NOP S(26) sin Amgt
(for Ks nop =-1,for K, nop = +1 ... neglecting CP in kaon mixing)

t:‘/ tagging side

signal side

| At .

; é tagging side
/I P-t Jhy

' 1
\<ﬂ+ . signal side

bt

This is how it works at eTe ™ B factories

B—-B pair produced on Y(4S) resonance with well defined quantum numbers.

— Correlated B — B state till the time of the decay of the first 3.



N(BY)(t) = N(BY)(#)

At) = —
N (BY)(t) — N(BO)(t)
= —sin(2f) sin(Amgt)
Babar:
sin(2/3) = 0.722 + 0.040 + 0.023
‘ . Belle:
N sin(2/3) = 0.652 + 0.039 + 0.020
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Kobayashi & Maskawa:

"for the discovery of the origin of the

broken symmetry which predicts the

existence of at least three families of
quarks in nature"

Nobel Prize 2008




Bs — J/v¢¢

Basic idea similar to measurement of sin(2/3):

b ————C Iy ST ¢
B R Sy

e No CP violation in mixing

e No CP violation in decay (watch out penguin pollution ..)

(i’mim — {LTQ((V:’ts ;g;)2) = —253 ~ 004(81&4), (top quark dominates the box)
w=arg((VaV2)?) =0
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New Physics in B decays

New Physics effects only appear as correction to leading SM terms.

Standard Model New Physics
— = — ¢ =
q | W b q Y b
| I | 1
+ X
b luct! g b ! 4
,,_‘(\I\N\j #_.\:.,(\/\/\N
/ . ’ N
b [ uwct g + b | X \ s

2
Apsm = Ao (%‘%Wﬂ + ig—i) (Csm =¥ ~ L Anyp ~1Tev(2)

Flavour physics approach to new physics:

» study processes which are sensitive to quantum corrections:

e.g. very rare (SM suppressed) decays, CPV



New Physics in the Flavour Sector?

If couplings are of order O(1) ...
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Oscillations Oscillations
CP violation and CPV and CPV Oscillations

in K system  in Bysystem  in By system  in D system



