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Introduction

Tree-level b — uud transitions sensitive to ¢o V.. carries the phase e %3
V
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Measure a time difference between B decays, At, and the flavour of the tag-side B, ¢

6—‘At‘/TBo

P(At,q) = — 1 4+ g(Acp cos AmgAt + Scp sin AmgAt)

If only the tree amplitude is present we expect, Acp = 0, Scp = sin 2¢-
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Introduction

Both tree and penguin amplitudes may contribute to the final state
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Tree and penguin amplitudes carry different strong and weak phases
Direct C'P violation, Acp # 0, is possible

Measure an effective ¢o

Scp = /1= AZpsin(202 — 2A¢) = /1 — AZ, sin 265"
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BY — a1(1260)E#F

arXiv:1205.5957
Reconstructed in 4 charged pion final state
Difficulties from huge continuum background and other 4 pion backgrounds

Extract branching fraction from 4 discriminating variables

Ep — Eheam Fisher discriminant 3T mass 37 helicity
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B(B® = a1(1260)* 77) x B(aF (1260) — 77 Tn5) = (11.1 4 1.0 (stat) & 1.4 (syst)) x 10~°

Studies Related to the CKM angles ¢2 and ¢3 at Belle 5



BY — a1(1260) 7+

Flavour non-specific final state, need to consider 4 flavour-charge configurations (q, ¢)

—|At]/Tgo
P(At,q,c) = (14+cAcp) - 2 {1 +q {(Scp + cAS) sin AmgAt — (Cop + cAC) cos AmdAt} }
TBO

Ac p: Time and flavour-integrated direct C' P violation
w  450F eq=+1 14
o F AQ=- AN =

Cc p: Flavour-dependent direct C' P violation 4000 49 ' A\ E
AN

Sc p: Mixing-induced C'P violation P
c
o

AC: Rate asymmetry between configurations where ]

a1 does not and does contain the spectator quark

AS: Strong phase difference between configurations .
Z

where a; does not and does contain the spectator =

quark EZ
<
z

Scp = —0.51 4 0.14 (stat) &= 0.08 (syst)

3.10 evidence for mixing-induced C'P violation
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BY — a1(1260)F

off 1[ : ( Scp + AS ) . ( Scp — AS )}
¢$> = — |arcsin 4+ arcsin
1 V1= (Cor +AC)? V11— (Cor — AC)?

- 1_I""|'---|----|--..

) i

— B 4 solutions for ¢S
] At 1o level,
. Pt = [—25.5°, —9.1°]
. = [34.7°,55.3°]

- = [99.1°,115.5°]

O ] L1 . ! .
-50 0 50 100 , 150
¢ ()
Recover ¢ with isospin pentagon analysis

M. Gronau and D. London, PRL 65 3381 (1990)

Or estimate bounds on |A¢5 | with SU(3) flavour symmetry

M. Gronau and J. Zupan, PRD 73 057502 (2006)
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@3 from B decays

Interference between the dominant b — cus with the corresponding DCS b — ucs

A ox A3 Ao X*(p —in)
S
W - K b h 0
U _ D
b Y, C B W
B cb DO Vcs S
u u u u K

Amplitudes same order in A but A(b — ucs) receives 1/3 from colour suppression
When D = D or D decays to the same final state, | D) = |D°) + rze*?| D)
Amplitude ratio, 13 = A(B~ — D°K~)/A(B~ — D K™)

Phase difference, § = §p =+ ¢5 for B*
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P2 With GLW

GLW method: D*) decays to C' P-even (Dg])g+) and C'P-odd (Dg])g_) eigenstates

Measured observables

B(B~ = Dcp+ K~ )+ B(BT = Dcp+ K™)
B(B— — DYK—)+4+ B(B+ — DVKT)

B(B~ = DcpyK™) —B(BT = Dopy KT)

B(B~ = Dcp+K~)+ B(Bt = Depr KT)

Rop+ =

Acp+ =

Relationship between observables constrain ¢3

C P-even D¢ p. decays

Reopy =1+ 7“% + 2rpg cos 0 CcoS (3

2r g sin g sin @3

A —
CP+ 1_|_7a2B_|_27“B(3085B COSCbS

Acp_

C'P-odd D¢ p_ decays

Rep_ =1+ r% — 2rg cos 0p COS @3

—2rp sin g sin ¢3

1 + 1% — 2rp cos 0 COS 3
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Events f { 0.008 GeV )

P2 With GLW

Interference between the dominant b — cus with the corresponding DCS b — ucs

Relationship between observables constrain ¢3

(' P-even D¢ p decays C'P-odd D¢ p decays
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2 With GLW
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O3 With ADS

ADS method: B~ — DK~ with D — K77~ or similar

Favoured (b — ¢) B decay followed by DCS D decay interferes with suppressed (b — u) B
decay followed by the CKM-favoured DD decay

Measured observables

R B([Ktn |K~)+ B([K 7nt|K™T)
PEZ B(K-nt]K-)+ B(K+tr]K+)
Ao — B([KtTn |K~) - B([K #nt|K™T)
PR T B(K K ) + B([K - ]KT)

Relationship between observables constrain ¢3

Rpx =715+ 1% 4+ 2rgrpcos(ép + 6p) cos ¢3

2rprp sin(dp + dp) sin ¢z
Rpk

ADK —

AD°—sK*Tn™)
A(DS—K+7n—)

Amplitude ratio: rp =

Strong phase difference, 0 p
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Events / 10 MeV

O3 With ADS

Fit event shape Neural Network for better discrimination from dominant continuum background

Belle: PRL 106, 231803 (2011)
D— Ktn—
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3 With ADS
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¢35 With GGSZ

GGSZ method: Fit Dalitz plot of ID decay to simultaneously determine g, 0 g and ¢3

However, model uncertainty is dominant systematic error ~» remove with binned Dalitz method

Choice of binning affects ¢3 precision, but not ¢3 itself

Meausure yield in each bin 2

(7]

N
3

And compare in a X2 fit with
Nz-i = hp[K; + 15K _; + 2/ K; K _i(x+c; + y+5;)]
r4 =rpcos(dp + ¢3), y+ = rpsin(dp + ¢3)

N
|Bin number i|

—h
(3)]
- N W B OO N @

e B R Nii: Expected number of B¥ — DK events in bin

mz(K:Jt') (GeV3/c*)

K ;: Number of events in bin 7 determined from a flavour-tagged sample (D** — D7 ¥)

c;, S;. related to average strong phase difference in bin 2
C;, = <COS A5D>i, S; = <Sin A5D>z
Measured by CLEO with 1)(3770) — DY DV, can also be measured at BES-II
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¢35 With GGSZ

Belle: arXiv:1204.6561
50c x*/ndf 33.31/15

..2 a a0k Prob 0.004247
> Z 30 .I.
5 2% ‘ 4 .
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-30F
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Bi

> 0-3; Significant C' P asymmetry can be seen
221 0.4% probability of statistical fluctuation
N b3 = (T7.3715-1 L 424 4.3)°
-o..2 3rd uncertainty from CLEO measurements of ¢;, S;
%502 01 0 01 02 03 Dalitz method dominates ¢3 constraint

X
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Summary

New final results from Belle

First evidence of C'P violation in B® — a;(1260)* 7T
Measurements GLW and ADS parameters
GGSZ method most powerful for determining ¢3, model independent approach promising

More final results on @9 and ¢3 expected soon

— — T g =
i_i (p3 Amd Amd&Ams & % _i ¢2 — (88.7_1—?13)0
~H S =
P bl ¢z = (66 £12)°
=oE 0, E
9, \: :
e - 3 Hi Oskana! :P
0.6 0.8 1.0
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Isospin Analysis

Can recover ¢ with an SU(2) isospin analysis

M. Gronau and D. London, PRL 65, 3381 (1990)

"\
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W a th th T
_ _ g
0
0 b Vub y - B
B TT u
d d d d "

Consider BT — 77" which has I5 = 1 = Isospin, I = 1,2
Gluon in penguin carries I = 0 = penguinhas I = 0, 1
Bose-Einstein statistics forbids anti-symmetric state, / = 1

— | = 2 and therefore BT — 777" is a pure tree mode
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Isospin Analysis

Consider the set of 3 B — 7 modes

Ao = \%AJF— + Aoo

Ay = \%f‘_h— + Ao

A;;: Amplitude of B — m'7

Neglecting electroweak penguins, A1 g = A_

4-fold ambiguity in 2A ¢4
2-fold ambiguity of ¢ in measured S¢ p, therefore 8-fold ambiguity in ¢ in isospin analysis
Fully determined from 6 physical observables

B(B” — pTp™), B(B® = p°p°), B(BT — p*p")

Acr(pp™), Scr(pp™), Acp(p°0°)
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BY — a1(1260) 7+

“Disagreement” with BaBar on S¢ p
Belle BaBar

Scp = —0.51 £ 0.14 (stat) £ 0.08 (syst) Scp = 4+0.37 £ 0.21 (stat) £+ 0.07 (syst)
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SE IR L

_045 _g 1 . X . . I . . X . 1

O e 4 20 2 4 6 & 0 g
At (ps) At (ps)

acp(At) < Scp sin AmgAt — Cop cos AmgAt
Either we disagree on the definition of asymmetry

Or BaBar’s curve shows that S p should be negative
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