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Measurements

¥ Search for time-dependent C PT'-violation
Combination of multiple decay channels

¥ Precise measurement of time-dependent C P-violation in
B? — (ce) K° decays
“Golden channel” of time-dependent C' P-violation

¥ Studies of B® — D®)+D®)~ decays
Measurement of the branching fractions and C' P-violation of three
different decay channels

¥ Measurement of C P-violation at the Y (5.5) resonance
Measurement of sin 2¢; with new tagging method
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C P- and C PT'-violation in the B; system

General PDF to describe the decay of a neutral B meson:

P(AY) = 18/,
TB4
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where

% describes C'PT’ violation

n+ = A1A2 — A1A2

n-=+v1—22 (%AlAg - %Alﬁz) + 2z (A1 Az + A1 Ag)
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P(AL) = 47@—‘“‘/% {1 + [Ssin(AmAt) + Acos(AmAt)]},
TBd
where
S is related to mixing-induced C P-violation
A is related to direct C' P-violation
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Measurement of C PT violation

Data sample of 535 x 10° BB pairs

Decay modes:

B decay mode Nevy Purity (%)  Sensitivity

J/YKs 7713 97.0 .

JJOK], 10966 592 Mainly Re(z) and AT’y

D—rnT 39366 83.2

D*—rt 46292 81.5 . . .
D pt 45913 66.3 Mainly Zm(z) and flavor tagging quality
D*{ty, 383818 75.2

J/ KT 32150 97.3 .

DOt 216605 63.9 Resolution parameters

Fit parameters

include eight physics parameters,

with three of them being

Re(z)
Im(z)
AT,
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= Callibration of flavor tagging and
resolution parameters is performed
simultaneously on real data
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Measurement of C PT violation
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C P violation in B° — (cc) K° decays
Final Belle data sample of 772 x 10° BB pairs

Reconstruction in 5 decay modes:

~ 3k ; o5k

§ + All combined (@) [> + Data (b)
] — B>k s 1 B> JivK,

- — B-y(25)Kg S [ real J/y, real K
2kl — B>y K - [ real J/y, fake K,
o c1''S PN L
£ — Fitresult 2 3k B fake J/y

> 2

u Wokf

1k
1kp

52 522 524 526 528 53 0 04 08 12 16 2

M, (GeV/c?) pg’ (GeVic)
C P-even C P-odd
Decay mode Ngig Purity (%)
J/YKY 12649 £114 97
P(29)((TE)KS 904 + 31 92
»(2S)(J/Yntr)KS 1067 + 33 90
X1 K 940 + 33 86
J/YK? 10040 £154 63
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C P violation in B° — (cc) K° decays

Extraction of C' P parameters:

Combination of all decay channels
S =0.667 £ 0.023 £ 0.012

A =0.005+0.016 £ 0.012

SM expectation: S = sin 2¢; and A =0

PRL 108, 171802 (2012)

Comparison: First observation of C'P
violation in the neutral B system (2001)
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C P-violation in double charm decays

Final Belle data sample of 772 x 10° BB pairs

B° —» DTD~ B° — D**D¥F B° - D*tD*~
’ Showed huge direct C' P-violation ‘ ’ No C P-eigenstate ‘ ’ Admixture of C' P-eigenstates
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C P-violation in double charm decays

PDF for B® — D**D¥ decays

Final state is no C' P-eigenstate, but

B - D**D~ » N
BY s D*D— p+pF (At) =(1+ A4)— 47'134 € ¢

B’ — D*~D* x {1 £ [(S £ AS) sin(AmAt)

B° s D~ DTt +(A £ AA) cos(AmAL)]}

A is related to the asymmetry between D** D~ and D*~ D™
AS is related to the asymmetry in S between the two
AA is related to the asymmetry in A between the two
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C P-violation in double charm decays

Angular Analysis of B® — D*t D*~ decays

Events / ( 0.05)

]
o
Decay rate: =
1 &T(B® - D**D*) 9 |5
= == i Hi(cos By, cos 6
I'  dcos0.dcosb 16 . Z RiHi(cos O, cos 1) H
i=0,L,1
s e os e
Rp =0.62+£ 0.03£ 0.01
R, =0.144 0.02+ 0.01 Blue/R : C' P-odd component
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C P-violation in double charm decays

C P parameters

B° —» D*tD- - B° — D*:DT¥ B° — D*tD*~
+ B’ Tag 60 + B" Tag g -
g + s #
g o AN
m g o
: @ T T w0 ' S . ; %H‘Fmﬁrﬂ }
S =-0.78+0.15+ 0.05 L . Tt
A = 0.01£0.114+ 0.04 _ )
+0.21 A = 0.06+ 0.05+ 0.02
A= 0.43%0.16+ 0.05 AA= 012+ 011+ 0.03 A= 0.15£ 0.08 0.02
Significance: 4.20 Significance: 4.00 Significance: 5.40
PRD 85, 091106(R) (2012)
Previous measurement: = First observation of
S=-1.13+ 0.37% 0.09 C' P-violation

A 0.914 0.23+ 0.06
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C P-violation in double charm decays

Additional: C' P-mode separated values of S and A for B — D*+ D*~

Nominal measurement:
Assumption of the same relative penguin contribution to all components.
Releasing that assumption:

1 —|At
Poo (M) = - s (1 + ((PovenSy — PoaaSy1) sin(AmAt)
+(PevenA+ + PoddAJ_) COS(AmAt)))
S =—-0.81+0.13+0.03 SM expectation:
Ay = 0.8+ 0.10 +0.02 Sy =81 = —sin2¢,
S, =—1.52+0.62 £ 0.03 A=A, =0
A =—-0.05+ 0.39 + 0.02 Belle preliminary
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Measurement of sin 2¢ in T (5.5) decays

Final Y (5S) Belle data sample of 121 fb™*

Measurement of sin 2¢; with new tagging method: ” Bw* tagging.

T(58) - B®OB®+y—

1(55) B0 B +} Charge of 7 is known = Flavor of B is known
— T

Nppr- — NpBa+
Nppr— + Nppr+
S+ A
1422’

Measured: Agg, =

where © = Amg /Ty

Time integrated observable, no measurement of At necessary
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Measurement of sin 2¢; in T(5S) decays

Reconstructed in
BY - J JUVKs

301 B0 JyK's

Events/5 MeV/c

i d b
b

0 5.1 52 53 54
Mass [GeV/c?]

NBB7T+ - 78 Zl: 39
NBBﬂ.— — 137 Zl: 53
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Inclusively reconstructed

via Zumiss PRL 108, 171801 (2012)
v 10f) L 10f@
% BO—m- comb, 3 BO—rt* comb.
= BBk = 8By K
0 =]
~ 6 < 6F
b4 b4
c <
2’ } & H }
2 2
A L L L L h
Tsa 52 53 54 U5 52 53 54
My, [GeV/C?] My, [GeV/C]

A=0

[ sin2¢1 = 0.57 £ 0.58 £ 0.06 ]
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Conclusion

Six measurements have been presented, (nearly) all of them using the
final Belle data sample:

e Simultaneous measurement of C' PT-violation in eight decay
channels

e Most precise measurement of sin 2¢;

e (' P-violation in three double charm decays, all of them clearly
showing C' P-violation

e Measurement of sin 2¢ with a new tagging-method
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Backup: The KEKB accelerator and the Belle detector

The KEKB accelerator The Belle detector
- Asymmetric eTe™ collider - Typical multi-purpose particle
- Mainly operates at the Y (4.5) detector

resonance

Final data sample
e 711fb~! recorded at the Y (4S) resonance

e 121fb~! recorded at the Y(55) resonance
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At measurement

N

tag rec

entangled
B B-state

: Tag-side

>
Az = BycAt, (JAz|) ~ 200pum
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Backup: HFAG B — D™D~

Ooid New

I
D D Scpvs CCP @ C

F o
DD SCPVS Ccp @

CCP PRELIMINARY CP PRELIMINARY

-0.4 0 0.4 0.8 -1.6 -1.2 -0.8 -0.4 0 0.4 0.8

Gontours give -2A(In L) = Ay’ = 1, corresponding to 60.7% CL for 2 dof Gontours give -2A(In L) = Ay = 1, corresponding to 60.7% CL for 2 dof
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Backup: HFAG B® — D*+* D*~

Oid

B ) E
. D*" D SCP A\ CCP Winter 2009
CP

PRELIMINARY

BaBar: |
Belle
B8  Average |

-1 -08 -06 -04 -02 0

Gontours give -2A(In L) = Ay’ = 1, corresponding to 60.7% CL for 2 dof
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New

=t %
D*" D* S¢p vs Cep %

PRELIMINARY

BaBar
Belle
B2  Average |

-1 -08 -06 -04 -02 0

Gontours give -2A(In L) = Ay = 1, corresponding to 60.7% CL for 2 dof
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