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Introduction

e Measure properties of unitarity triangle to test C' K M mechanism: 2 sides, 3 angles

e Time-dependent decay rate of a B or a B meson decaying into common C'P eigenstate

€—|At|/7‘Bo

P(AL) = {1 +q [5013 sin(AmgAt) + Acp COS(AWN)] }

47’30
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%
excluded area has CL > 0.95 |s <

]

o Acp: direct C'P violation (= —Ccp)
e S p: mixing induced C'P violation

e ¢: flavor of Bygg, ¢ = +1 for By = BO

e Tpo: B life time

e Amy,: mass difference of By and B,
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Mixing Induced

| py = arg(%) accesible through mixing induced G4 in b — w transitions,

B> fops——— B

e.g. interference between B — w7~ \ / \ /

B B

* u
V mixing induced
ud
7 d

d >—
and B — B — ntn— VisVaa
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+ ! —> at tree level:
b t d d el
th th .
Scp = sin(2¢2), Acp =0
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Living With Pollution

b— u(p, 7, ..)at Tree level: Scp = sin(2¢3) and no direct P (Acp = 0)

BUT more amplitudes (penguins) can contribute with different weak/strong phases
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d > d >
=3 penguin pollution = Ads, Acp
= measured observable gbgff = o + Ao Scp = \/1 — Ap Sin(2¢§ff)

— extraction of A with isospin analysis is possible with Acp # 0 possible
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Recover 99

e extraction of A with isospin analysis  (remove penguin pollution)

for unflavored isospin triplets, e.g. p, 7

Bose statistics:=> 1=0,2 (final states);

tree 1=0,2;

penguin: I=0 only (gluon)

allows to formulate relations of the \/%AJ,_ 00

decay amplitudes A
eg. AT7 = A(B — pTp7)

o L A+— 4 A00 _ A+0
2

75
o LAt 4 A = 40

M. Gronau and D. London, PRL 65 3381 (1990)
o A0 = A=9 (no penguin) = geometrical considerations reveal A¢o
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Data Samples

Integrated luminosity of B factories

(fb™)
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200 |
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>1ab!
On resonance:
Y(5S): 121 fb!
Y(4S): 711 b
Y(3S): 37!
Y(2S): 25 fb
Y(1S): 6 fb!
Off reson./scan:

~100 fb!

~ 550 fb!
On resonance:
Y (4S): 433 b !
Y(3S): 30 b
Y (2S): 14 b
Off resonance:
~54 fb!
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BaBar PRD 87 052009(2013)
467 x 10° BB pairs
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At (ps
ST = —0.68 +0.10 £ 0.03
_+_

T = +0.25 £ 0.08 & 0.02

Belle arXiv:1302.0551
772 x 10° BB pairs

g 3oo§— ‘: 2:1 ““““ E
§' 2501 =
2 200- 3 =
& 150F I -
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o o - oo e )
%m ";m O'g m )
22" o5t w
75 5 25 0 25 5 175
At (ps)
SE 7 = —0.636 & 0.082 + 0.027
™
op = +0.328 == 0.061 = 0.027

—> clear mixing induced C and presence of penguins
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TS, M

CKM 2012

PRELIMINARY
BaBar . " L -0.68 +0.10 + 0.03 PRELIMINARY
arXiv:1206.3525 I
Belle ) . -0.64+0.08+003 BaBar i
CKM2012 preliminary ' = ¥ H
LHCb \ - -0.56 4 0.17 £ 0.03 LHCb :
LHCb-CONF-2012-007
Average
Average -0.65 + 0.06 i
+
HFAG correlated average
-1 -0.9 -0.8 -0.7 . -0.6 -0.5 -0.4 -0.3
"1 C
.r[ .r[ CP CKM 2012

PRELIMINARY

BaBar , ) -0{25 £ 0.08 + 0.02

arxiv:1206.3525 CT] f .
Belle . ’ -0i33 +0.06 + 0.03

CKM2012 preliminary : :

LHCb : . -0111£0.21%0.03

LHCb-CONF-2012-007 o |
Average i -029+005 ! ! ! !

HFAG correlated average -0.8 -0.6 -0.4 -0.2 0

-0.8 -0.6 -0.4 -0.2 0 0.2 Scp

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

—> good agreements between experiments (prev. tension removed)
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BaBar
PRD 87 052009(2013)
467 x 109 BB pairs

Belle

PRL 94 181803 (2005)
275 x 109 BB pairs

~ | T T T T T T ] ~N 25 o 25:
b 150‘ : §2.5i _
3 o 20ft 3
s 100 packground substracted rs}
< o o5t
— 50 - 225
£ + 75F
é O_T »L | +H | + | 1= 57
o % T J + + [+ : ook
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55 B9  Eo4 556 528 92 5.%25 5.i25 5.275 25.3 22 5.525 5.25 5275 25.3
Mg (GeV/c) My (GeV/c) M, (GeV/c?)
_ _ 2 2
”1ES.__A4&3__\/Eﬂxanl_ipB
BaBar Belle
B(BY — 797%) x 106 1.83 4+ 0.21 £0.13 2.3105 103

w070
ACP

0.43 +0.26 = 0.05

0.447925 £0.17
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BaBar
PRD 76 091102 (2007)
383 X 106BB pairs

Belle
arxiv:1210.1348 (2012)
772 x 1 06BB pairs

e @ 3 3

> 600 TE TP . 5 :

() - m 3

> 400F *K* 1P . 200 500

QO?)-, ZOO:Joackground substrd N 1 enhant

E O N | en a(r)n, | |

> 524 526 5.28 AEGV M GV 2
LL Meo (GEV/CZ) ( € ) bC( € /C )

AE = E’Brec — Ebeam
BaBar Belle

B(B* — 7ta%) x 106 5.02 & 0.46 %+ 0.29 5.86 + 0.26 & 0.38

7&?0 0.03 == 0.08 4= 0.01 0.043 4= 0.043 £ 0.007
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¢2 /o constraints

CK,;;;(L:) SU(2) relation for B—>mm modes

AT/V2 + A° = AT

NSV - B-7T(BABAR)

ckmzpre).  --- BTt (Belle) — CKM fit i

05 A*‘/Af’c',."" »

Jm(A™ /A7)

1 0 | \/2 X&c;;;‘w

0.8

1 1.5 2

-0.5 0 0.5
Re(A™/A*)

0.6

ra lersi

CK,;;;(L:) SU(2) relation for Bbar —> nm modes

AT/V2 + A° = AT

-

p-value

0.4

05 A*}-"}/ A*o

0.2

Jm(A™ /A7)
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9, (deg) .
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Belle: ¢y € [85.0°,148.0°] , Babar: av € [71°,109°], WA: ¢bg/ax = (87.1F17:%)°
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B — pp helicity basis:

p—> TT

S — VV decay

— superposition of C'P even and

odd states

—> separation through helicity analy-

SIS

f1,: fraction of longitudinal polarization(LP, pure C' P even final states)

1 d*T _ 9 2 nl 2 n2 1 291 .22
T dcos0L_dcos0%_ 4 (fL cos” gy €08™ Oy + (1 — fL) sin” O sin 9He1)
. . m2 - .
naiv SM expectation: f;, ~ 1 — m—;/ ~ 1 difficult to predict for color-suppressed mode
B
B — p0p0

e smaller statistics(exp.) less penguin pollution comparedto B — 7m
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BaBar

PRD 76 052007 (2007)
384 million BB pairs

— p p H

Belle
PRL 96 171801 (2006)
275 million B B pairs

I I I a160 ;
. S 140 |
o0 S C
% 200 1201
S £100]
> 5 80 -
£ 100 60 |
it 40|
0 20|
n louo olore rmcleg T L
0 -0.5 0 0.5
cos 0
BaBar Belle
B(B® — ptp~) x 10° (25.5 4 2.175:0) (22.8 4+ 3.8732)
fr 0.992 + 0.02419-926 0.94170 555 4 0.030
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Events/2ps  Events/2ps

Asymmetry

BaBar
PRD 76 052007 (2007)
384 million BB pairs

At distribution and asymmetry

BO%,O+

@

Scp = —0.17+0.207992

Acp = —0.01 +0.15 £ 0.06

BELLE

Belle
PRD 76 011104 (2007)
Update to 535 million B B pairs

At distribution and asymmetry

B7of B7of
gsog(a) Qe (0)
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E-02F

5\ : 1 —

<é-o.4j

S-06F .
08l

-6 -4 -2 0 2 4 6

At (ps)

Scp = +0.19 + 0.30 £ 0.07
Acp = +0.16 £0.21 £ 0.07

>
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S LP 2007
p CP PRELIMINARY
BaBar ) L -0.17 +0.20 ‘53
Ir o) 1
PRD 76 (2007) 052007 ;
Belle e . 0.19%030+0.07
i : o) i
PRD 76 (2007) 011104 i
Average - § -0.05 +0.17
HFAG correlated averade
08 06 04 0.2 o 0.2 0.4 0.6 0.8
ppC
LP 2007
CP PRELIMINARY
BaBar y * ,0.01+0.15 +0.06
I ul
PRD 76 (2007) 052007 ;
Belle N P -0.16 + 0.21 + 0.07
I o) H
PRD 76 (2007) 011104 :
Average - : -0.06 +0.13
HFAG correlated avergge
-0.4 02 0o 0.2 0.4

LP 2007

PP ScpVsCop

Cep PRELIMINARY
BaBar

0.4 Belle |
3 Average

1 1 1 1
-0.4 -0.2 0 0.2 0.4

CP
Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof

Good agreements between experiments
Acp(= —Ccop) =0

— small penguin contribution
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BY — oY B

Belle

Babar arxiv:1212.4015 -
= : Belle vs BaBar
PRD 78, 071104 (2008) 772 million BB pairs L
II n BB r — 90 ' ‘ ' ‘ ' ‘ ' ‘ ' i measurement (Babar
D s0F 465 Mo %50* pal > - g 80 % ——t Itgg measurementgel?e))
RSI S ¢ } r ) = fLOO (meas. not in fit
§40§ () + * §40§ % ;g 1-0:'"l----|--|-:-|I----|-(---|----|----|-)---|----|----
SRR N I At .:
L%OEx ot ] Db 30 0'4:_ ;
525 5.26 5.%7ES ESGZEV/CSZ)ZQ 06 0.7 0.8m T,?l(%ev:llcz) 20F 02~ -
10 %0 Oll 02 II03““ol4““oI5“IIolennol7"“olsn“olgnl1.0
SgEY =03+£07+£02 5
AWLP — _024£0.8+0.3 #oETET T 2.10 tension
0.6 0.8 1
m,(Tt'Tt) [GeV/c?]
BaBar Belle (preliminary)
B(B® — p%p%) x 106 0.92 +0.32+0.14 1.02 + 0.30 £ 0.22
fr 0.75 914 £0.04 0.2170-25 +0.11
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Events / (0.1)

02040608 1 12141618 2 0

M Qb=
B(B®- p° p?) x 10° 526 527

508 529

Mes(GeV/c?)
BY — ptp° BaBar Belle
journal PRL 102 141802 (2009) PRL 91 221801 (2003)
N(BDB) x10° 165 8D
B(B° — p*p%) x 10° 23.7+1.4+1.4 31.7 71723

fr

+0
AC’P

0.950 = 0.015 == 0.006
0.054 = 0.055 £+ 0.010

0.948 4+ 0.106 4= 0.021
0.00 £ 0.22 £+ 0.03
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B — pg

¢2 /o constraints

1.0 |

0.8 A

0.6

p-value

0.2

0.0 '

0.4 H

NSV --- B-.pp (BABAR)

ckvz ). --- B pp (Belle) — CKM fit
] B-pp (WA)

e small penguin contribution

@ best environment for con-
straining ¢- with 1st gen-

eration B-factories

Belle: oo = (84 £13)° ,Babar: o = (92.4 £6.4)° ,WA: ¢o/a = (89.912:5)°
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Not a C'P eigenstate, need to consider the 4 flavour-charge configurations

Corresponding isospin analysis has 12 unknowns compared to 6 for C' P eigenstates

30 T - ;
— B~ Tl (kin.) *pEmE:
i@ interference regs. i

e U/I fomalism instead of quasi-two-body(Q2B)

N
[&)]

— 27 real free parameters

N

can be related to A p and S¢ p parameters

m?(TeTP) (GeV/c?)?

e Dalitz plot sensitive to strong and weak phases of the

10 [

interfering p resonances

(A. Snyder and H. Quinn, PRD 48 2139 (1993))

0 5 10 15 20 25 30
m2(ri ) (GeV/c??

=> possible to constrain ¢ without ambiguity explicitly in the analysis !
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NEW BaBar
arXiv:1304.3503 (2013)
471 million BB pairs

Mass projections

Belle

PRL 98 221602 (2007)
449 million BB pairs

Mass projections

120 N%’)200 (\%200 *

100 Q Q150 |

80 = S r

2 100 [ i
c ==p ey e, L
40 o 50 p ///// """"" i
]
20 o L /////////
. . 0.8 1 1.2 1.4
0 1 2 3 4 5 m_ (GeV/cz)
m(Tt* 1) (GeV/c?)
200 i
150 ,
100 7
50 ,
0
0 0 [
m(rt °) (GeV/c?) 06 08 1 12 14
m, (GeV/c®)
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World averages for B? — ,Oiﬂ':': NEW Babar Result

Ac p is time and flavour-integrated C' P asymmetry arXiv:1304.3503 (2013)

+-_-+
P A, Y

PRELIVINARY Par am Val ue + stat =+ syst
BaBar L N ., -0.14£005% o.oé
Belle L R -9.1@10.0510.0151 C 0.016 :|: 0.059 :|: 0.036
PRL 98 (2007) 221642 §
: S 0.053 £ 0.081 = 0.034
Average -0.13+0.04 4+ +0.05
HFAG correlated average ACP 0'09_0_06 :l: 004
2026 0.24 022 -02 -0.18 -0.16 -0.14 -0.12 -01 -0.08 -0.06 -0.04 -0.02 0 —+ +0.04
+-_ -+ @ +-__ -+ @
p Tt C ICHEP 2008 p Tt S ICHEP 2008
7777777 o PRELIMINARY o PRELIMINARY
BaBar b 0.15¢0.P9¢0.05 BaBar " " " -0.03 +0.11 + 0.04 A+ - ACP +C+ACP AC
PRD 76 (2007) 012004 PRD 76 (2007) 012004 cp — — TTACTA op C
Belle L -0.13%0.09 + 0.05 Belle : ! 0.06:+0.13:+ 0.05 A~ + _ Acp—-C—-AgpAC
PRL 98 (2007) 221602 PRL 98 (2007) 22160p cPr — 1-AC-AqopC
Average 0.01 +0.07 Average 0.01 +0.09
HFAG correlated average HFAG correlated avenlage A . :i:
03 02 01 o 0.1 0.2 0.3 023 0.2 01 0 o1 0.2 03 C: rate asymmetry if p~ formed from

spectator or not
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BaBar

— i
PRD 76 (2007) 012004|

Belle

s
PRL 98 (2007) 221602 | }

Average

HFAG correlated avera

*

-1

36

NEW Babar Result
arXiv:1304.3503 (2013)

Val ue

0.19 £0.23 £0.15
—0.37 £0.34 £0.20

0.092 £+ 0.011 4 0.009

0
ICHEP 2008 p ] f S ICHEP 2008
PRELIMINARY PRELIMINARY
-0.10 +0.40 + 0.53 BaBar N N l 0.04+0.44+0.18
H * Par am
PRD 76 (2007) 012004
|, 049%0.36+0.28 Belle In 0.17 +0.57 +0.35 Co()
1 —t x ]
PRL 98 (2007) 22160p
Soo
0.30 £0.38 Average i 0.12+0.38
HFAG correlated ave1age f 00
2 12 1 08 06 04 -02 0 02 04 06 08 1 12 14

foo fraction of p’7¥ in (pr)°

Babar’s result submitted to PRD

Belle is working on final update

Good agreement between experiments but difficult mode with current statistics
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@2 scan

e Solid line: incl. isospin constraints (13 and A& p of BT — ,0+7r0, ,OO7T+)

e Dotted line: Use BY — (pm)" results only

BaBar
)y Belle

1 1

075
L ] i .
L o P
05! o A Y
sl N U C.L.=68.3%|

60 90 120 150 180
¢, (degrees)

o
[
o

scan not robust with current statistic
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B — (p

qbg/oz constraints (not incl. NEW Babar result)

p-value

1.0

0.8

0.6

0.4

0.2

0.0 '

% --+ B> prt(BABAR)
wnter1z. --- B prt(Belle) e CKM fit
] B-prt(WA)
| rTria I rTria I rTria I T T I l.’-l- LI I T T rTria I rTria I T T‘ T i
:',.f""}LT:'\\\\ _:‘
4_ 40 180

e difficult to pin down @2
with BY — (p7) now

one solution for ¢ with higher statistics possible, — higher luminosity experiments
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Flavour non-specific final state
= 5C'P parameters
Babar, PRL 97, 051802 (2006).

40f
3 20}
— L
2
o 40
g 40
ot
20}
g ost © :
R
P r ]
g 08 i il
5 0 5
At (ps)

g a1(1260 S

Belle, PRD 86, 092012 (2012).

@ 450E
' 400¢
i 350¢
= 300¢
(% 250
:
! 100F
50¢

= 0.5¢
= 0.4E
iy 0.3
= 0.2F
= 0.1t
= OF
iy -0.1¢
= -0.2¢
-0.3E

-0.4¢

-0.5

Scp = —0.51 £ 0.14 (stat) £ 0.08 (syst)

Scp = 4+0.37 + 0.21(stat) + 0.07(syst)

First evidence of mixing induced C'P violation in
B% — a1(1260)* 7T decays(3.10)
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Summa />

BELLE

e recentresultson B — w7~ and B — p°p” from Belle and on B — (pm) from Babar

e tightest constraint from B — pp, best potential in B — (pm)"

: (bayesian)
(frequentist)
: -~ TrUpp/ it (BABAR) e I UTsi¢
CKM12 (prel) ==~ m/pp/pr[(BeIIe) —— CKM fit 8 L winterl3
3 mvpp/ e (WA) S o1 SM fit
R A B B B B A B I I I - |
os | 5
1 @©
L ' o
o 06 p o
g X N O 0.05F
& 04 -
0.2 :\- : 4 -
O.OK:Q:LI...I...I..-I-f'.._v‘-“'--..l....I.L._L'.;f : ‘
0 20 40 60 80 100 120 140 160 180 L L i TN B!
@, (deg) %o 80 100 120 140
o]

o +4.7\o
P20 = (88.5°44) o/ = (88.7 £3.1)°

e some final results still anticipated

e | HCb entered the game, Belle2 under construction
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BACKUP
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reconstructed in 4 charged pion final state arXiv:1205.5957 PRELIMINARY
Difficulties from huge continuum background and other 4 pion backgrounds

Extract branching fraction from 4 discriminating variables

Fisher discriminant 37 mass 3 helicity
< ~ g 22F —~
> C — r 1% E < c 4
1200 S 500f 1S 20 = 14t ]
© - Z - 1o 18- <) B ]
© - > . 10 E g 12 B
S 100 2 400 16F =~ c ]
S . c - 19 E 2 10
S 80 g : 8 14 S :
< - @D 300 s 12 i 8-
2 60[] i g 105 L F
5 - 200 g 8- o
L 40: 4 C q>_) 6 4F
207 3 100 & 4

. ] . 24! 2
°© Lo} !
NE 2 I " Ec—g 2f 188 2 ET"; 2r
83  OATt ot T FHT T 83 0 83 O T2 0
2 o Mt T MirTi g2 £E2 €2
cQ L . I . I . \-l- . I . 1 B g L o o L I I I I i B 8 L
Z 01 -0.06 -0.02 0.02 006 0 ZKX Z 085 1.03 1.21 139 157 1 ZK

AE (GeV) m,, (GeV/c?)

Blue: 47 background Red: Continuum Blue: a1, Red: asy Blue: a1, Red: asy

B(B° — a1(1260)* 77) x B(ai (1260) — n-nFTaT) = (11.1 + 1.0 (stat) + 1.4 (syst)) x 107°
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— a1(1260

Flavour non-specific final state=- 5C' P parameters

‘w450
5 400}
< 350F
=~ 300
P 250F
: =
! 100F

50

0000
G

O o

00

TTTT H\WHNHHH? \HHNH(\&\)HE\H

00
PN

Scp = —0.51 £ 0.14 (stat) £ 0.08 (syst)

First evidence of mixing induced C'P violation in

¢

>
/>

BELLE

arXiv:1205.5957, PRELIMINARY

_ I—
O g ]
- 0.8:— E
0.6[ .
0.4F -
i 68%
0.2 ]
O_I L PRI A IR ‘_
-50 0 50 100 , %50
¢" ()
off = 1 arcsin SCP+A$
¢2 4 |: <\/1_(CCP+AC)2 >
arcsin( SCP_AS >}
V1-(Cop—AcC)2
gff scan: 4 solutions at 1o level,

B% — a1(1260)* 7T decays(3.10) s = [-25.5°,—-9.1°], [34.7°,55.3°],
[99.1°,115.5°]
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CL1(12

non C'P eigenstate - final state, need to consider 4 flavour-charge configurations (¢, ¢)

oAt/ 0

P(At,q,c) = (1+cAcp) 2 {1—|—q{(3(jp + cAS) sin AmygAt — (Cop + c¢AC) cos AmdAt} }

TBO

A p: Time and flavour-integrated direct C' P violation
Cc p: Flavour-dependent direct C'P violation
Sc p: Mixing-induced C'P violation

AC: Rate asymmetry between configurations where

a1 does not and does contain the spectator quark

AS: Strong phase difference between configurations
where a; does not and does contain the spectator

quark

Pit Vanhoefer(MPI) ¢ from eTe™ colliders
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Time and amplitude differential decay rate,

d°T
dAtds.ds_

o e~ 1At/ TR0 {(|A3W\2 + | A3 %) — q(|Asx]? — |Asx|?) cos AmgAt +
2q%[gA§WA3W] sin AmdAt}
p

Ase|> £ A3 = > fLUT+ > 2RSSR = S f2USD)

%E{—F,—,O} I<L<J€{+,—,O}
qd ,« 7 *¥1 7T *
%[—A%Agﬂ] = Y APL S RULES, 4 SR
p re{+,—,0} k<o€{+,—,0}

27 coefficients U, I determined from a fit to data

f: Form factors and line shapes
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U:l:

+,R _
UKJO’

+,3
UKJO’
I
r
IK,O'

&
IKJO’

o

QB L

— ‘AF»P + ‘AF»P

A Ay = AAD]
A Ay + AAT]
A AL

AgAL — Az Al

(A AL+ Ay A

AL+ A+ 24,

Convert to Quasi-two-body parameters

For B — ptrT

Pit Vanhoefer(MPI)

Ufr—-u~
Acp = 7
Ul +U?
1/U. UZ 1 I_
Cop = = | — + ‘), Sop = — +
o 2<UJ: vr) Tt ot Ut
1/U. UZ I I_
AC=-|—F -——=) AS=-—F —
2(Ui Uf) vl Ut
For BY — p07x0
Uy 21
Acp = ——7%, Sop = —
CP UJ CP USL
¢ from eTe™ colliders FPCP 2013 32



B> K B

N F
4-fold ambiguity for @S

off 1[ ( Scp 4+ AS ) ( Scp — AS )}
5 = — larcsin -+ arcsin
4 V1= (Cop + AC)? V11— (Ccp — AC)?
Can measure | Ags| using SU(3) symmetry involving B — a1 K, B — K; o7 decays
M. Gronau and J. Zupan, PRD 73 057502 (2006)
PRD 81 052009 (2010)

BaBar, 454 million BB pairs

Amplitude analysis of WA3 data taken by ACCMOR collaboration

Needed to determine K 7w model

First measurement!

B(B® — K1(1270)" 7~ + K1(1400) 7)) =3.170% x 107° (7.50)
B(BT — K;(1270)°7" + K1(1400)°77) = 2.9772 x 107° (3.20)

Relative contributions also determined
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o = VLT

) po _ X2f2T(ag K)

1 — 2R} T e
COSQ(qﬁ; o — 02) > - frcru L [(afm

) fET(ay )

pr = VLT R

1— 2Ri leA (aiﬂ-_

a \/1 —Az—;ﬁ A= |Vu8‘/‘vud‘ —

, RZT =
) f%F(al )
|Vcd|/|VCS|

I': averaged decay rates, f;: decay constants

Calculate bound on |A¢s| = ¢St — ¢a| from
95" — 2| < (193, o — P2l + 163, i — F21)/2
|Agpo| < 11°(13°) at 68% (90%) CL

Solution nearest SM expectation, ¢S = (79 4 7 4 11)°

Pit Vanhoefer(MPI) ¢ from eTe™ colliders
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B — T

e S—SS, simultanious fit including B — ntn—, K*n T, KT K~ New results

e 6D fitter: AF, M., L}/W, L[}/W, Fs/p and At

L}t{/wz likelihood to be a K for a m mass hypothesis for pos./neg. charged tracks

st/bi event shape dependent variable

(\/«IS E /FT 250k T T T T T T T T q F T T T T T |

% ] e r e

o E 7 200f 7

To 3 c e

S ] Q F Q

S E Lu 150[ Z

=) ] B

[ g

[ —_

g g 50/

i ) E

8 f i i 8 [ 8 j T T i T T

25 2 Fo +++ ””” IRERRRN 2g 2 2g 2 i e 5

Sc OFHH BTt E2 O = i ie e N

R T L EZ o T -

ZX 5245025526527 528 529 5.3 zZo zo 0 02 04 06 08 1
M, (GeV/c?) L
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Downward fluktuation within the last 240 million BB pairs
Belle result for the last 236.995e+06 BBbar pairs.
Acp(BY — mr7™) = 0.06 £ 0.10

Scp(BY = ntn™) = —0.62+£0.13

_|_

Pit Vanhoefer(MPI) ¢2 from e™ e colliders

FPCP 2013
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2 different polarizations, longitudinal(LP, C' P even) and transversal(TP, C' P even & odd)

fr,: fraction of L pol,through helicity analysis (SM: f, ~ 1)

011 angle between the BY and the

7t flight directions in the p frame

S TP AT
eHel g
--------- ).---------4 ¥ > S-----).-------u»----
T T ’

v 7T
§ §10000;
9 8 8000F
P @ 6000~
c c r
o C  4000-
L L [
2000;

I I I I G’ I I I I
-06 02 02 06 1 -1 -06 -02 02 06 1

COS Oygiiciy COS Oygicity

1 d’T _ 9 2 gl 2 02 1 201 5202
T doos0L_doos 05 — Z(fL c0s” Opy €08~ Of1o + (1 — fr)sin® Op,, sin ‘9He1>
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PRELIMINARY| New results on full data set

| . | | S 300b
e simultanious fit of branching ratios and C' P 2 -
asymmetries g 2505_
2 200-
Npo_yr+,— = 2886 + 82 (stat) o -
o 150}~
100
e previous Belle result: (450 x 10% BB pairs) 50;—
SEPrew. = —0.61 £ 0.10 £ 0.04 o
T |+ )
T ew. = +0.55 4 0.08 % 0.05 F1Z o
new analysis is consistent on same dataset 75 5 25 0 25 5 (' 7).5
At (ps
‘downward fluctuation’ with last 200 x 10° -
_ Tt
BB pairs Stpr = —0.636 £ 0.082 £ 0.027
TOT = +0.328 4 0.061 + 0.027

Pit Vanhoefer(MPI) b2 from e e colliders
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Boﬁpo

2500F= i iy 4

2000

Events / (0)

PRELIMINARY New results

Signal enhanced projections

1500

1000

500

i R S Vi ST S Y BO — ,00,001 BO — fOPO, 4 final states,

2e - iﬁ:,,,,,:;Tt,TTH,ﬁT,T,,,TiT,,,TT,T,T!*,‘,*,,TT,,TE,T,,,? .

01 005 0 005 01 BB bkg, total non-peaking bkg, total

AE [GeV]

—~ 250 = ,:'100'w'w'wvw
S S oS
S 200" <) = 80
~ r =~ )
2 € 5 60
C -
g 150 3 i ‘
| LLl

100} 40

50 20

01 -005 0 005 01 0.6 0.8 1 ) 1 05 0 05 1

AE [GeV] m,(Tt'Tt) [GeV/c] cos(®,),
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s
=
S
Q
Q
=

Events / (0.01)
Events / (0.1)
Events / (0.01)

e —— T+-o- G +.1.+
"_" """"""" = ++ +

Lhomb
T T

pPp°, fop’, amfs,

visually seperate BY — ,00,00 from BY — fopo with projections into

fop window

8011
70
60"
50¢
40F
30E°
20
10

Events / (0.1)

4

2F
0=
oF

4|

-0.1

Interference is treated as a systematic uncertainty, dominant source for B — ,00,00.
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b S

BELLE

PRELIMINARY New results

@2 scan from isospin analysis in the ™7 and the pp(LP) system

]
O0.9

1

-l - = = (91.0+ 7.2
O 0.9 2 = )

' 0.85 08 A¢o = (0 £ 5.4)°
0.7 0.7
0.6} 0.6¢
0.5t : 0.5 PPLP
0.4¢ - 0.4f
0.3t 168%  Q.3p| 68%

0.2t : 0.2f
0.1 = 0.1
E ! | L | L | L | L - O- | ! | | | ] ! ] |
0 60 90 120 150 180 0O 30 60 90 120 150 180

0, () 0, ()

e 3 — pp, using the LP fraction of
B(B° — p°p°)|Lp = (0.21 £ 0.36) x 10~°
from this measurement,

e exclude: [A¢o| > 44.25° world averages otherwise
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e B — mm, using Belle results only

e exclude: 23.8° < ¢ < 66.8° (at 10)




