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CP violation

Cabibbo Kobayashi Maskawa
CP is violated in Standard model via quark mixing
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B-factories
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Integrated luminosity
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Types of CP violation in B(D) system

-Direct CP violation in decay(neutral and charged)

I'(B— f)#1I'(B— f) A/ Af| # 1

-CP violation in mixing(neutral)
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-CP violation via interference between mixing and decay(neutral)
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Mixing-induced CPV-measurement at B-factories
ete”™ — Y(4S) — B°B°(BtB™)

-Together with direct CPV assymmetric B-factory allows to
measure mixing-induced CPV

/

CP eigenstate
JpE, At =1, —1,

tag
Az = ByeAt

Flavor eicenstate

XFu.D=X
-B-B are produced in quantum-entangele state
-Assymmetric B-factories allow to determine At via Az
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B—charmonium+K° mode (¢.(B)-angle)

Golden mode:
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B-charmonium+K® mode (¢,(B)-angle)
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B->charmonium+K° mode (¢,(8)-angle)

PRELIMINARY

sin(2p) = sin(29,) SEAS

BaBar : 0.69 + 0.03 + 0.01
PRD 79 ( zl:mg) 072009

BaBar . 0.69+0.52 +0.04 +0.07
PRD aux@%ngq) 112001 —

BaBar JAy (hadronic) K : 1,06 +0.42+0.21
PRD 69 [2604] 052001 :

Belle 0.67 + 0.02 + 0.01
PRL 108 ( 2012; 171802

ALEPH : 0.84 "15; £ 0.16
PLB 492, 259 (2000)

OPAL ; 3.20 180 + 0.50,
EPJ C5, 379 (1998)

CDF 0.79 04
PRD 61, n?zuu5 (2000)

LHCb : 0.73 + 0.07 + 0.04
PLB 721 (2013) 24

Belle5S H 0.57 + 0.58 + 0.06
PRL 108 20123 171801 :

Average ' : 0.68 £ 0.02
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New penguin B-w(n')+K° modes
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SM predicts for b — dds: Acp =~ 0; Scp =~ £cpsin2¢q
Tree amplitude b — wus is Cabibbo- and color-suppressed
Penguin amplitude can be contributed by new heavy particles

Observation of qbiﬁ different from ¢; — clear signal of New Physics




-pairs

B

772 x 10° B

B-wK"°

-1 final state

-Extended maximum likelihood

-B°-wK; is CP
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Acp = —0.36 £0.19 £ 0.05
Scp = +0.91 £0.32 £ 0.05

-First evidence of CP violation in B°-»wK,
-Consistent with SM




B-n'K°
Two modes: B*-n'K, (CP=-), B’-n'K, (CP=+)

Decay chain:

B°-n'K, :AE,Mbc, RS/B
B°-n'K, :p, ™, RS/B
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-most precise measurement of penguin amplitude
-consistent with SM




Summary of penguin modes for ¢,

sin(2p™) = sin(20;") FEES

PRELIMINARY
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No evidence of New Physics at current level sensitivity



-Extended maximum likelihood

Normalised Events /(0.0025 GeV/c?)

Residuals

B°-1r'mr , Measurement of @ _(a)
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B°-1r'r , Measurement of @ _(a)
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B°-m’n’ , Measurement of ¢ _(a)

b TR
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Measurement of @ _(a)
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—— CKM fit
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Measurement of @ _(y)

b - -
" v
- v

7
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Decays BT — D0 ()=
There are several techniques of ®3(+) extraction from B~ S DOK—:
e GLW: Using D eigenstates:| Dy ) oc |[D°) £ |D%) K*K—, ntn—, Kgn®
Gronau and London PLB 253, 483 (1991)
Gronau and Wyler PLB 265,172 (1991)

e ADS: Using |K+t7~) (CF for D and DCS for D)K=
Atwood, Danietz and Sony PRL 78, 3257(1997)

e GGSZ: Using Dalitz analysis of three-body decays Kgn™n~, KsKTK™
Giri, Grossman, Soffer and Zupan PRD 68, 054018(2003)
Bondar, Proc.BINP Dalitz analysis meeting(2002)
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Measurement of @ _(y)
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Results of B-factories and LHCB
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Direct CPV in Dalitz B*

—_——————

N
Total fit | Total background | -Several resonances

Continuum background Signali -overlapping resonances

ﬂé‘ 150 H 2

2 Hi gf’ -Isobar model for resona
E"‘“ ﬁfﬁﬂﬂjﬁh - description

E so- BaBar Prelimiﬁé_l;r_*!if" -3

w e deeee®, ), s

E97 558
-D—Km background is suppressed by veto
-DP is subdividedd in regions described by
different pdf's
32 000 events
1014+-63 signal events

57

give sensitivity to phases

- K T

m, _.(GeViic)

nce

Sl e ¥

15
Decay channel Acp
Kortq® 0.07 £ 0.05 + 0.03 & 0.04

K*9(892)r* |-0.12 +0.2140.08 +0.11

K**(892)r° |-0.52 £+ 0.14 + 0.04 + 0.04
K3°(1430)r™ [0.14 £0.10 £ 0.04 £ 0.14
K3+(1430)n° | 0.26 £0.12 £ 0.08 £ 0.12
pt(TTO)K® 0.21 + 0.19 4+ 0.07 + 0.30

eV/ic?)

&8 8 &

)

-First evidence CPV g B“'I;— %" BaBar Preliminary
in B*->K*1° (3.40) 2 o |
-A_, B+->Komr* g w0
consistent with O 2 nf
% oL

s/(100 M

T T T
S T o
o -
- L
A,
v/
e

Eve
= T

n Qﬁf" BaBar Preliminary

___________




CPV in mixing
e Reco: Partial reconstruction of B? — D* 1Ty
e Tag: Using charged Kaon tag

Tag-Reco assymmetry
_ N(EFK7) - N(Kr) _
T = NEKD T N(EK;) = A + Ak + Acp

Kaon from Reco side
N{E'JfKE} —N(f-Kp)
~ NEK:) T NEK;) = A + Ak + Acpxa.
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CPV Iin D mesons

-At B-factories production of D mesons is of the same order as of B
-CPV in charm expected to be small

-Flavor tagged D are taken from D**-D°ntt
-Observables: M, and AM=M M

Kmrmslow Kt
Experimental techniques:
-Time-dependent analysis:
Difference in decay time distribution of D-f and D-f
-Time integrated analysis: _
Difference in time-integrated decay rates of D-f and D-f
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DP analysis has sensitivity to both magnitudes and phases of mixing amplitudes
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ACP in D°->1°® and DO—)KOSTIO
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KEKB upgrade
<= KEKB to SuperKEKB QE;

- Balla Il Colliding bunches

SCC RF(HER) Belle detector

—

New superconducting

/permanent final focusing
quads near the IP

Relace short dipoles
Ares RF cavity with longer ones (LER)

<— g* source
- o, = '=-H H:-H:-H |H H#FH H=f= Low emittance
] positrons to inject

N C . !
Redesign the lattices of HER & _Dampmg ning # B W -

LER to squeeze the emittance ‘ :

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems s
for higher beam current  ESe=TR

Positron source

New positron target /
capture section

To obtain x40 higher luminosity

nnnnnnnnn

Energy: 3.5 GeV (e+) 8 GeV (e-) Energy: 4 GeV (e+) 7 GeV (e-)
Current: 1.6 A 1.2 A Current: 3.6 A 2.6 A

Crossing angle/2: 11 mrad Crossing angle/2: 41 mrad
Luminosity: 2.1x10%** cm=2s? Luminosity: 8x1035 cm-2s!




Summary

-Data of CPV in B and D mesons are well described by
SM via the CKM mechanism

-Angles of Unitarity triangle have been measured with
high accuracy (<1le, ~4o, ~89)

-B-factories continue to analyse full data sets

-Search for CPV (and NP) is performed in penguin
dominated charmless decays

-Search of CPV continues in D decays

-Even more exciting results will be obtained after Belle Il
at superKEKB will start
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