d CP Violation

lolation in Mixing
violation in interference
Unitarity triangle
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19.1 K°-K° Mixing

KO KO
amplitude proportional to:
Vud* Vud* Vus Vus f(mu) d Y As day *S
B Vcd* Vcd* Vcs Vcs f(mc) - _W_ _ EEN t
+V V"V V_ f(m) | |
td “td ts 't t u. c t u,C,tW| W
note: couplings from _ s | |
d-type to u-type are W u, c, t
complex conjugated AL A g Sy Ad
KO° KO

<KYT|K >=<K|T|K> if 0,,=0 (elementV,)

if 6,,<>0 then CP violation (nota bene CPT theorem)
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0.97419 +0.00022  0.2257 +0.0010  0.00359  0.00016
Voren = | 0.2256 £0.0010  0.97334 +0.00023  0.0415700017

+0.00026 +0.000044
0.00874 "5 00037 0.0407 = 0.0010  0.999133 "5 500043

L 222 A AX3(p — in)
V= = 1 == X219 AN £O05).
AN(A —p—in) —AN 1

[Vus| 2
A= . 593 = AN = A
\/|Vud|2 + IVu3|2

Vcb
Vus

AN (p+in)V1 — A2\
V1= AZ[1 — A2)(p + in)]

$12 =

s13¢'0 = Vg = AN (p + in) =

at is the size of n ?
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Ks and K mesons

» K® and K° are not physical particles (mass eigenstates)
 define CP eigenstates:

IK>=1~2 (|K°>+|K°>)  CP=-1
IK>=1~2 (|K°>-|K°>)  CP=+1

— K, should dominantly decay into 3 pions
— K, should dominantly decay into 2 pions

e measured:
27 37

K 2 1073 32%  ~K

L

Ks  99.9% 35107 ~K,

S

CP-violating decays!

CP violation discovery channel: K —2x
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50% K, and K

k‘ll

100% K,
(1/2)2

12 14 16
1/10-10g

K + K- K
Strangeness- 3 ¥

oszillationen Regenerator

10

of strange
quarks
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Wasser-Cerenkov-Ziihler

Heliumsack

Kollimator
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19.2 CP Volation

General:
CP invariance is violated if the CP transformed reaction
IS not identically observed in nature

Example:

ampl!tUde éf: I__)i_: \ different?
amplitude A.: i —f =

Relevance:
Observed matter — antimatter asymmetry in universe

Sakharov conditions:

* baryon number violation _
» C and CP violation N
e reactions out of equilibrium
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lolation

o )—T(K,» v,n*)
‘viau )+ T (K, v,a’)

5, =(3.32+0.06)-10 "

ation effects are small in the Kaon system!
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19.5 CP Violation in Interference
petween Decays with and w/o Mixing

B — » f
\ / only possible for neutral mesons!
BO
asymmetry:

L(B'(1)> )~ T(B'> /)
C(B°()> /) +T(B'> /)

A, =

example: B° — J/Psi K (Babar, Belle, LHCDb)
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‘ rivelatore di mu (TFR)
B s

. calorimetro elettromagnetico (EMC)

. rivelatore Cherenkov (DIRC)

. rivelatore di tracce (DCH)

‘ tubo di supporto

. rivelatore di vertice (SVT) ; — i

S
2
B

E-95
Adgeu
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Raw asymmetry Events/( 0.4 ps)

=
_tn

b
=
-

—
b'l T

—
¥ 1

12

tion effects are large in B system
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‘V’USI 2 Vcb
s19=A= , s)3=AN" =\ |—
VI Vud]? + [Vus|? Vus

AN (p+im)V/1 — A2)M

3131&?1"s =V = AAB(,O+ i) =

VI=N2[1— A2\ + if)]

(0,0)
Figure 11.1:

(1,0)

Sketch of the unitarity triangle.

Vud Vup + Vea Vep + Via Vip = 0
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B° — J/Psi

sin(2p) = sin(20,) e

PRELIMINARY

BaBar ! 0.69 + 0.03 + 0.01
PRD 79 (2009} 072009
BaBar % - 0.69+0.52 +0.04 +0.07
PRD 80 20051111200 _ '
BaBar J/v (hadronic) Ks 1,56 + 0.42 + 0.21
PRD 69 (2004):052001 : "
Belle : 0.67 +0.02 + 0.01
PRL 108 (2012) 171802
ALEPH } 0.84 1155+ 0.16
PLB 492, 259 (2000)
OPAL : 3.20 *00+ 0.50,
EPJ C5, 379 (1993)
CDF : 979 24
PRD 61, 072005 (2000)
LHCb ; 0.73+0.04 +0.02
PRL 115 (2015) 031601
Belle5S : : 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801 :
Avera : 0.69 + 0.02
H}%ﬂu&}‘-ge 5 | .

0 2 3
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T T 1 | I T T 1 | T 1 \lgl e T T 1 T 1T 1
[ | excluded area has CL > 0.95 | %A

m
-

Y sol. w/'cos 28 < 0
(excl. at"t;,L =095) -

L1 1 | ] [ | 1S [ F S | [ ] | L1 1 1 I I...-"\I (-

1.0 -0.5 0.0 0.5 1.0 1.5 2.0

-l
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