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Introduction

s Standard Model (SM): the leading decay amplitude of b—s transitions is

b ts s
g = CP violation (CPV) by CKM phase (only)
q
u,c,t
1‘ q
9,2,y

s New physics (NP): another virtual particle in the loop.
s This can result in:

e New CP violating phases R

= observable through CP asymmetries (?) All these
¢ Enhanced branching fractions wrt SM expectations > ngslgveast?lc?rs:
e Altered polarizations in final state (e.g. in B ->VV decays) new physics!
® ...

J
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Common analysis techniques

T i = = Forvrs AL e

Kinematics of fully reconstructed B || Background characterization:
gl : = —> Mainly continuum: e*e—qq (q = u,d,s,c).
N Mgs = cam — VB . . . .
wE | L TN e~ Suppression by multi-variable classifiers based
i Mgg pp Y
“E | |AE = E, - By, on event-shape variables:
AN AE Fisher discriminant, Neural Networks (NN)...
o ;—_MC_ T '__;'E"L\_\_‘ E
: oS A *3 ] ete~ — T(45) — BB | cte™ — qg
B T Topology: ‘?‘:’ &
e —————— P ~300MeV/c
Sos
@ e {1 q
Good charged [ Angular Y(f§}£l< B e+>°~N*< _
particleIDupto | - distribution:|* 120> P-wave °| J=1/2 S-wave
few GeV/c (in "} / .
particular K/nt) ol ] 9 Background from B decays: cl.asmﬁed by
(el Kinematic and topological properties
p(GeV/c)

Variables are often combined to a likelihood function, used in a maximum likelihood
fit for signal/background separation and to measure parameters of interest
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Analyses and Results

sin2f8 from b—2>s penguins

Branching fractions, polarizations and direct CPV in
B" — p’ K™ and B* — £;(980) K**
BaBar arXiv:1012.4044 [hep-ex], Phys.Rev.D83:051101(R), 2011.

Branching fractions, CP asymmetries and angular distributions for
B—-¢¢K

BaB4r Preliminary result, to be submitted to PRD
Belle  arXiv:0802.1547 [hep-ex]

Amplitude analysis of B® - K*nn? and direct CPV in B— K'n
BaBa4r Preliminary result arXiv:1105.0125 [hep-ex], submitted to PRD.
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sin2B From b—>s Pengums (1)

«  Within the Standard Model (S} (SM)

Cees ®Cygs =0
Sees = Sggs T ASSM
(same domlnant phase)
W

B,

<

d

QIR Q=

MNepSin2f

¢ Standard
<4 Model
K’  contribution

s New physics in the loop may cause deviation

in the values of S and C.

~
RLETS

b& s*——s

(5d23 )LR

s Definitions:
AS=S S

CCs

sin2 3 eft

qqs
MNcp Sqﬁs
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> New Physics
contribution

Theoretical pred1ct1on for ASqy

(Mode dependent)
KKK _
N e Notincuing LD amplitde.
- nKu """""""""""""""""""""""""""

PQK{] _
[
oK' S
____________________________ eSS |
'K, —
____________________________ B
oK’ e
____________________________ ]
IK{] r
|q | | | | | 1 | | | 1 | 1 i..l | 1 | | | 1 | | | | 1 |
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Il QCDF Beneke, PLB620, 143 (2005)

W SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
B QCOF Cheng, Chua and Soni, PRDYZ, 014006 (2005)

B 5U(3) Gronau, Rosner and Zupan, PRDT4, 093003 (2006)

For most of the modes, theory predicts
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B,

sin2B From b—>s Pengums (1)

Within the Standard Model (SM)

Ccc‘:s ~ Cqﬁs - O
Scc‘:s - Sqﬁs T ASSM -
(same dominant phase)

d

/\
QIR Q=

MNepSin2f

¢ Standard
<4 Model
K’  contribution

s New physics in the loop may cause deviation

in the values of S and C.

IIIIII
. LS

New Physics
contribution

Definitions:
AS=S . - ch‘1s

CCS
sin2f et =

— -Ncp Sqﬁs
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sin2B From b->s Penguins (ll)

- N A A AN x x = x A S e

The situation today 1s quite different
. ff
Fresh sin2f world averages (HFAG): Sm(zBe ) (Z(I)l ) %

PRELIMINARY

b—cCs: 0.678 £ 0.020 -b.a.occ_z._é%grﬂfrage T

elle 0.90 *9 %%

— . .. B j : . ] 818
b—qqs: 0.64 £ 0.04 (naive!) S Average: iRl g0

I ¢ x Eelle : : e ! 0.64+0.10 +0.04
mprovements: L Eg Averagel Gl 0595007
: . : : & Belle : EE 0304 0.95 2668
¢ hints of trends/deviations in previous | Average! i . Hedl 0748017

. . b4 ' ' ' i +

measurements clarified by B factories | = aerage: i T " onioh

: < Bolle "l s ti009- 010
e several results from (Time Dependent) - Average | : = I
. R R = 1= 15 - | SR [Pt Sl M R 055*E2"’+[5152"

v i : ; i

Dalitz Plot analyses U S— == I e
° ° ° [22] a ar ' E 0 11116-.
Still... some tension persists because of | < sele ; 1l 083 %1
. . o T Er _.:_._._._._._._._._._. rem e ..-__'._.- YUBET - Q.13_

the theoretical prediction ASg,, > 0 . Average o T odeoss
“'"!‘”"BaBar T'"""""""""':""_‘""""'FH"EJTZ.D+O'52+00T+Glj?"
s x Average: b= e, 0205083

= o0 Jﬂk:;:;nn- ; : 724+0.

: oo 3 BhBar beoe e oo : -%%?%;7;1;
Results marked with s were Z o Aeragel L |
e =N R
presented yesterday by T e B s 051008 £ 03

B  Belle : . ;'058+015+0030
Himansu Sahoo N ;

-2 -1 0 1 2

Eli Ben-Haim FPCP, May 24th 2011 7




Analyses and Results

sin2f8 from b=2s penguins

Branching fractions, polarizations and direct CPV 1n
B" — p? K™ and B* — £;(980) K**
B4B4r arXiv:1012.4044 [hep-ex], Phys.Rev.D83:051101(R), 2011.

Branching fractions, CP asymmetries and angular distributions for
B—>¢¢K

BaB4r Preliminary result, to be submitted to PRD
Belle  arXiv:0802.1547 [hep-ex]

Amplitude analysis of B® - K*nn? and direct CPV in B— K'n
BaB4r Preliminary result arXiv:1105.0125 [hep-ex], submitted to PRD.
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B* - p® K'* and B* — f,(980) K**

°
Introduction
s Polarization puzzle for B — VV modes B £ p  NoALA
. o SR <
Naive expectation from helicity arguments: 2 e
longitudinal polarization fraction (f;) ~ 1 -
B — pp has f > 0.9 K
but other b — s penguin VV states have f, ~ 0.5 |Agol?> > |A4+]> > |A__J?
s B"— p? K™ not observed before this analysis Polarizations of Charmless Decays
. ) HFAG o I3(1430)"
Predicted BF ~ 5+1 x 10 August 2010 § ?‘= o e s
s B* — p® K™ (partially integrated) decay rateoc E}—jf o
L—J& e uKia3)
1 sin” 0 K+ sin® 0,0+ fL cos? 0 Koot cos® 0 50 =
. o wi™
= angles give access to f| — el
—— f\"”;\’-”
s The present analysis uses full BaBar dataset o New Avg M . ”
— . . . . —— Belle I T_“ P
(467M BB pairs) = twice the previous analysis |—— saear s i
0.2 [ 0_'4 ' D.IG ' U.IB r 1T0 r 1.2

Longitudinal Polarization Fraction (f.)
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Analysis

[

B* - p® K'* and B* — f,(980) K**

= Reconstruction: p°and fy(980) » n* = ; K* — K°% n*and K* ="

Events / ( 0.0265 GeV/c?) Events / ( 0.0017 GeV/c?)

Events/ (0.0475)

Maximum likelithood fit with :
e 7/ variables: mgq, AE, NN, m

T

my ., |cosO,_ |, COsO .

® 12 event categories: 2 signals, continuum, 9 classes of background from B

Projections: K™

.

4u§—a)

30f
20f
10F

L INRMRNHER G o
0.6 0.8 1

m*m invariant mass (GeV/c?)

L
0.4

|cos(0)|

Eli Ben-Haim

9
5
4

3
2

Events /(0.01 GeV )

1

5

4

Events / (0.01 GeV/c?)

Events / ( 0.096 )

0 +
K'sm
" b)

0

0

of
o
P

-0.05 0 0.05
AE (GeV)

-0.1

0
= d)

oF 3

0.8 085 09 095

K3n* invariant mass (GeV/c?)

Y
cos(6,0.4)

" FPCP, May 24th 2011

L S L
-1 -0.5 0

my p K

Signal yields:
f, K':

< 6914

911+20 —>
pK'":

<— 8524

67+31—>

0.2

1 1
04 06
lcos(8:+:)l

08

K™ —> K*n’
% — . 50 ~
s 1 > ¢ 3
& 2 e .
¢ 0f ]
’f: s L ]
] s 3
s = 20f :
g 2 3
£ g 10; ;
5.26 5.27 5.28 01  -005 0 005 o
2
mgs (GeVic?) AE (GeV)
‘]‘J‘ ‘:‘:‘ 50 ET
2 > 40¢
%] & F
g 5 30
S S T
S = 20
— S E
- o0 E
o 06 08 1 08 08 09 095
n* invariant mass (GeV/c?) K*n® invariant mass (GeV/c?)
o I ° 60
g I g
S S 4
- r -~
- r )
£ 0l 5 20
s = s
w o "
0




Results

= Observation of the Bt — p? K™ decay

B* — p0 K* and B* — f,(980) K**

e I e R T oo

¢ BF=(4.6+1.0+04)10°% = Significance = 5.3c (including syst.)
¢ f=0.78+0.12+ 0.03 = Consistent with large f; prediction and other K*p modes
¢ Ap=031+0.13+0.03

E ]{*Op—l_ — NEW A\v’g
K == Belle

++ (0 =—e== BABAR
June 2011 "

rFr 11 T T T T 1T 7T 71—

0.2

0.4 0.6 0.8 1.0 f

K*0p*: pure penguin
K*%pY: penguin + color-suppressed b — uus tree
K**pY: penguin + color-allowed b — Tus tree

= Improved B* — £;(980) K™ results Previous results based on 232M BB

BF(B* — p? K*) < 6.1 x 106 @ 90% CL

N T — 6
o BF[fy(>m ) K7]=(42+0.6+0.3)10° | gep. ¢ 080K = (5.2 1.2+ 05) 10¢
¢ Aqp=-015+0.12+0.03 PRL 97, 201801 (2006)
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Analyses and Results

sin2f from b—2>s penguins

Branching fractions, polarizations and direct CPV in
B* — p’ K™ and B* — £;(980) K**
BaBar arXiv:1012.4044 [hep-ex], Phys.Rev.D83:051101(R), 2011.

Branching fractions, CP asymmetries and angular distributions for
B—¢¢oK

B4aB4r Preliminary result, to be submitted to PRD
Belle  arXiv:0802.1547 [hep-ex]

Amplitude analysis of B - K*n'n® and direct CPV in B— K'n
BaB4r Preliminary result arXiv:1105.0125 [hep-ex], submitted to PRD.
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Bo>¢oK

Introduction

- Forvrs AL e

s Interference between tree and penguin amplitudes under the 7, peak

B—=nK n.—=¢¢ ’ B—¢¢K K

(Penguin)

! I
' |
(Tree) ' New |
e e b m s b__. | Physics? S
. 1 g 5 + I
Bt H777< | B N&b\é 6 B \%é o |
| ] L LI |
U . u_ UK : - = f8 - - W | :
Vi Ves L Arg(VipVis) = Arg (Vi Ves) New CP violating phase? !

N /

e o o O D O S R O R O e m—

s Standard Model: tree and penguin have ~ the same weak phase
— no direct CP-Violation expected
s Non-zero NP relative CP violating phase = significant direct CP asymmetry
could be at the ~40% level (Hazumi, Phys. Lett B 583, 285 (2004))
= Only the J’=0- component of (¢@)K interferes with (77)K } not discussed

= angular analysis needed to study the spin structure of the ¢¢ system J Inthis talk

s BaBar: Full dataset (464M BB) ~ Belle: 449M BB (update coming soon...)
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Analysis: peaking background

Bo>¢oK

« Use5 regions in the md)2 - my, plane to distinguish final states with 5 kaons

e B — 5K fits in the different regions

e Use cross-region fractions from Monte Carlo to estimate peaking background

+(MC) i

B KK KKK (MC)

B+—>fD{bK+ (MC)
] T R T ‘_;.__"_:‘_r-_-:‘., ‘_--.'-:' o

IB%fKKK (MC)

s f
E% ‘|‘15é
mm(1 (GEV} me(GEV) - Ime (GEV)
signal enhanced plots (cuts on discriminating vars.)
1o Belle [[}.5'[].2 1547] 449 x IUE’BB N HIEIH pli]]]m]mn 4&_}4 X 1[}f’BB
(a) i' S |
N_.-—-...1.15 ;" -i E 1_15__-.
= | . :
o 1.1 ’ i -
&) -] W
<1.05 i 3 i
= & ] : . 10sF
1 :‘ - I :
N 1 1 - e
1 1.05 1.1 1.15 1.2 il L1 |_.'...+|||||I_|r||—
5 1 105 11 115 12
M, (GeV/c) m,, (GeV)
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Bo>¢oK

Analysis: fit to data, yields

& BaBar Maximum hkehhood ﬁt to If{iug—bﬁ B* > (I)(I)K* | =1,78 #1 5 ,
mgg, AE, Fisher, my,, my, SpBin | i .
s Belle: Cut on a likelihood of Fisher, - preliminary

cosOg, Az, and flavor tagging on
recoiled B, then fit m, . (mgg), AE

Events / ( 0.0018 GeV )
Events /( 0.01 GeV )

o) z
> Projections with m,, <2.85 GeV | <
e g
</[DO 25
15 | : 5
v (a) 60K o 20 2
[ =
=10 k 215 2
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1 LN =0 1 ¢
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) Y 4 . SUT0D R T N
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= @ 2t z L
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w O z
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Fisher
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B—o>o¢oK

Results: branching fraction and Ap

B* — ¢¢K* yields vs. m,
EGO: L L e ] Ngdl}l} .
? 505_ 1. resonance \ % vertal _f g { a:' i %
a : 1] = | = $
> 400 \ Jﬁm 1 11 8 + e Q,,ﬂci? 5
~ 30[ : 4 . 4 @ I
8 g E W . 1 =200 = l g
S ool BABAR \ a O R ﬁzﬂ'ﬂ' | 2.85 GeVic
x F preliminary R 1 T | 28 29 3 31 32
.g 10 § 2 3 4 5 = o i M., (GeVic?)
I R ‘_+ oI L !
Ol OO FOPPORORPON SPOOON B - oo Sy s S — E :
cl e NI ] 0 ;
2 2.5 3 3.5 4 G V5 ;
S M (GeV) M,, (GeVic?)
Partial BF (m,, < 2.85 GeV)
(10-6) B(B*+ = ¢6K+) B(B® — oK) New result from
BABAR 5.6+0.5+0.3 45x0.84+0.3 ] Belle expected
Belle 3.270% +0.3 23750 £0.2 R this summer

Acp (0OK™) below and within the n region (consistent with 0 and SM)

M < 2.85GeV 2.94-2.98 GeV 2.98-3.02 GeV
BABAR —0.10+0.08+£0.02 —0.10+0.15+0.02 —0.08+0.14 £ 0.02
Belle 0.017) ¢ £0.02 | 0.15701% 4+ 0.02
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Analyses and Results

sin2f8 from b=2s penguins

Branching fractions, polarizations and direct CPV in
B* — p’ K™ and B* — £;(980) K**
BaBar arXiv:1012.4044 [hep-ex], Phys.Rev.D83:051101(R), 2011.

Branching fractions, CP asymmetries and angular distributions for
B—- ¢ oK

BaB4r Preliminary result, to be submitted to PRD
Belle  arXiv:0802.1547 [hep-ex]

Amplitude analysis of B’ - K*nn? and direct CPV in B— K'nt
B4B4r Preliminary result arXiv:1105.0125 [hep-ex], submitted to PRD.
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Introduction: Dalitz-plot (DP)

B > Kt nd

s« Each intermediate resonance in P 2> 1 2 3 m?
appears as a structure in the DP according to its
mass, width and spin

s Resonance parameterization (isobar model):
A=%4;=% C,F(m?3;m?y)
complex v X e.g. Breit-Wigner

+ similar relation for the CP conjugate amplitude:
A=Z A, =X C F(m?;,m?;)

“Cartoon” DP

3
dmyy dm,; oc ir
spin=(0
spin=1

s Superimposed resonant contributions = interference = access to phases

Directly extracted parameters: isobar amplitudes C,

Other parameters (A, relative phases, Branching Fractions) are computed from them

The present analysis is done with the full BaBar dataset; 454M BB pairs

Eli Ben-Haim FPCP, May 24th 2011
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The Dalitz-plot model

B > K - n°

s Resonances populate the borders

Eli Ben-Haim

of the DP

Corners (where one particle is
soft) are “strategic” for
interference measurement

This is a flavor specific mode:

no interference between specific
components of the B / B DP A
(e.g. K" m-and K™ ")

= Ap 1S measurable here

—> relative phase measurable only
in B’ - K " 7 (self-conjugate)

Model also contains :
¢ Continuum background
¢ 19 backgrounds from B decays

K*0(892) 0
(Kn)*™ S-wave

mZ. , (GeV/c?)y
G

BY— K* - n0 Dalitz plot
(selected dataset: ~24 kEvents)

HIIHlllllllllll""""

p(770) K* ;
Ty, P30 KT B;relﬁfaﬁg
£ »%p(17 00) K+ E

(]
=
T

%, nonresonant

[a—
=

- Dmesons ﬁ
L -r:-..-. H ﬁ' T
_(non 1nterfer1ng) i N

U 1 '|-:| | |ﬂT T :Imr‘f".l 'I i F‘ I\FI'_.-:I- e
0 5/ 10 15 20 25

K™(892)m  mi.. (GeV/c?y
(Km)™ S-wave
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B > Kt nd

Motivations

s In general: rich resonance structure = access to many observables:
* Acp

» Branching Fraction

} For each component

« relative phases between components

which can be used to set non-trivial constraints on the CKM parameters (p, 1)

s In particular: measurement of the direct CP violation in B — K™ - decays
(Gaining sensitivity by combination with B*—Km"7~ [PRD 80, 112001 (2009), BABARY])
— K puzzle in the Kt system? (See talks from Gagan Mohanty and Harry Lipkin)

But also... (not the main subject of this talk...)

Access CKM angle y from phases related to the K™n intermediate states in
B'—K*r 7’ and B"—»K ' n
v measurement: tree amplitudes of B — K" it (Cabibbo supressed wrt b — s penguins)
= need to eliminate b — s penguin amplitudes

Eli Ben-Haim FPCP, May 24th 2011 20



B> K+ n°

Goodness of fit — distributions of m(r"°)

p(770)K* -

d

500

2

bt
o=
=
T

Events/(32.00 MeV/c?)
S S

1 12 14

Events/(48.00 Me V/c?)

05 1 15 2 25 3 35 4 45 5
m__, (GeV/c?)
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iB0—> Kfn nd

Goodness of fit — distributions of m(K*=n?

K*+(892)n0

47:)*+ s-wave _

300 F

250 F

200 F

—
R
-
L]
=
=
< -
& 1501
e -
100
T TTTT F § E
600 T 5pf
S{m:—+

g

()
=
=

[
=
=

Events/(46.80 MeV/c?)

—
=
=

1 15 2 25 3 35 4 45 5
My, (GeV/c?)
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B > Kt nd

Results

- x A S e

s Signal events: 3670 * 96 (stat.) £ 94 (syst.)

s Four different minima found by the fit. The lowest 1s separated from the others
by 5.4 units of the log-likelihood (3.3 ©); signal yields are very close

s BF(B’—> Kt n’) =38.5+ 1.0 (stat.) + 3.9 (syst.) x 1070

= Evidence of direct CP violation in B’ - K"~ (3.1 6)
Acp(K*(892)" )= —0.24

+ 0.07 (stat.) £ 0.02 (syst.)

12"_"""'""""I""I""I""I""'_" 2,_):_ | IRRRRN I 3
: " 20F ;
10f ] s \4 £
- 16F W v
= 8r ] = uE \ 73
Bl r [=11] C " i ]
2 sk - o 12p ' E
< C <« 10 P E
af - s 7
- 6F E
2 E 4F E
r ] 2F £
D||||||||||||||||| Ly dl NN EEENE EEE RN R 0 Ciliiiliiialaass . AT
06 -05 -04-03-02 01 -0 01 06 05 04 03 02 01 0 01
‘A‘Cpm (892)_“:—) L%P(K*(ng)_ﬂ:_)
Present analysis (mind the scales) Combination with B® — K %n*n~
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Other results B0 K* v 10

_Information about y from K*(892)r
s The following linear combination is free from QCD penguins
Ciuchini, Pierini & Silvestrini [PRD74:051301 2006]

1
A%(K*W) = EA(BD — K*tr7) + ABY — K*7%)

Populate the same B? — K* - =% DP
Neglecting EW penguins, its weak phase ®z = —5Arg(Az/Az) isy
Phase difference from B — Kg n* - DP

s« K amplitudes (drown to scale):

. Ao
As(K n) .
2 AK‘DEI}
KQ(K TE) f—‘L -
2

1 —_
A._ \2 A

=

\

]

— Destructive interference of the neutral and charged K" amplitudes (expected...
— We cannot measure @/, using K*(892)r amplitudes
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Other results B0 K* v 10

_Information about y from pK

s Similar argument in the B" — pK system:

A%(PK) = %A(Bﬂ — p~KT)+ A(B° — p°K?)
FromBO > K w0 DP ~ € > ™\ From B9— K¢ x* = DP

Interference with K+ n-

- 1
= pKamplitudes (drown to scale): 5 N
2

s The resulting @, ,:

__q1n+10 +7 o 4SETTITTT T T
bs = 107, (stat.)T5, (syst.) j:

(] [

0 E| | 1 11 | 111 | 111 | 1 | 111 | 111 | 111 | 111 | |E
-80 -60 -40 -20 O 20 40 60 80
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Other results B K* 1 70
SU(3) sum rule

s Sum rule assuming SU(3) symmetry:
Gronau, Pirjol & Zupan [PRD81:094011 2010]

[Ag (K m)? — | Ag (K™m)* = | A3 (pK)|* — [ A3 (pK)| %

s  We measure the asymmetry parameter defined like:

50 Az (K*m)[? — [Ag (K*m)[?
o |Az(pK)[? — | Az (pK)[?
2=0 < exact SU(3)
>~ #0 = contribution from strangeness violating New Physws operators

s Result: 1_5;— Z -5
_ ().8pt+0.18 4+0.11 /... X 3 =
= 0.82Z57, (stat.)Zi 35 (syst.)

= Sum rule applies within uncertainties

Eli Ben-Haim FPCP, May 24th 2011
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Summary and Conclusions

- Forvrs AL e

s BaBar and Belle continue to produce physics results, adding more information
and using more sophisticated analysis techniques to improve the precision of
measurement in b — s penguin modes

s All measurements agree with the standard model predictions, though a few
tensions and puzzles still exist

s The actual statistics 1s not sufficient to tell whether or not these could be
indications for new physics.

To find new physics in b.—> S penguins we need

7\ D
Belle I
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The BaBar Detector

Magnet 1.5T Silicon Vertex Tracker (SVT) |

W Reconstruction of decay vertex
L - and tracks close to the IP

e+
:l Drift Chamber (DCH) |

Reconstruction of deviated
e charged particles tracks:
' momentum and angles

Detector of
Cherenkov light (DIRC)

Intrumented flux
return (IFR) Identification of charged particles

Separation K/t>2.5¢ up to 4 GeV/c

| Electromagnetic calorimeter (EMC) |

Detection of y, e-identification

Reconstruction of n°>—yy, Energy measurement
Eli Ben-Haim FPCP, May 24th 2011 31



The Belle Detector

Belle Detector

_f-_'_-__'__,.'—r_\‘\\
=

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid _ 7
1.5T

Csl(Tl) 16X, ~~—

TOF counter
8GeV e~

' .“"':'% . I.:" |
Si vt! det.

3 lyr. DSSD

i/ K, detection
14/15 lyr. RPC+Fe

Eli Ben-Haim FPCP, May 24th 2011

32



More on BaBar and Belle

-

« Data taking periods over for the B-Factories
In April 2008 for BABAR
In June 2010 for Belle

» Qutstanding luminosity records
BABAR: 433 fb' @ Y(4S) + ~54 b1 40 MeV below
Belle: 711 fb ~100 fb-

» Hundred of journal articles published
Sustained publication rates for both experiments — Physics of the B-Factories
Plans for data preservation and long-term analysis (e.g. BABAR LTDA project)

(fb7)
| [—xxe Warld| | =1 ab™'
| | O mesOnance
| J | riss): 121 &
1500 - t | Y45 711
TO ether' | ¥iZS):3m?
. | ri=25): 24 &
| 9 —_— =] vitsiom!
1000 - | Ol reson./sca
> 1.2X1O BB i - 1040 [t
| : 550 fb
| | Om resonand
!ﬂﬂ_ ?' ridsi: 433 M
| ¥iis): 30
| rizsi: 14 @
Ol resonan
U e i 1
19948/ 20001 20021 20041 200641 200871 201010/ 2012M1
~ —_— = Y451 scam: 4 fb™
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Quick Reminder of Basics

[ PRERSn S LEELEE LA s ons S O

oo

CKM matrix Wolfenstein parameterization:
Vud| Vus | Vb |- '3*2—2 A AN (p —in)
Veal Ves | Ven ~ —A 12 AN2
( I"}.d Vm Tv,}b ) 4_1}\:3(‘.1. —p— _‘;”} . 4/\% 1

* * % : A
VadVy + VeV + ViV =0 e
ocA’3 oc)’ ocA® VudVub b Via Vip
Ved Vebl | VeaVeb|
In other unitarity conditions (triangles) i
sides are very different. |
Second and third columns: flat triangle for Bg o LY i B _
0 <D 1

CP Violation is possible in the Standard Model only if
Vv 1S complex < 1 = 0 < Unitarity Triangle is not flat

We want to determine p and n experimentally
Eli Ben-Haim FPCP, May 24th 2011 34



Results' angular study

s Project JP —O component by Welghtlng my, distribution Wlth o 'y
the product of Legendre polynomial and spherical harmonic if”’ \5\
X -

Py(cosf) Re [Y2(02.0)] = 2 {3cos(6y) — 1} sin(8) cos(2x)

Preliminary

)

} —— Signal region
——%-- Sideband

N region:

E\ [ T T T | T T "] E
=100 . =
= % + . . g r
= —— Signal region 8 100—
A Sideband >
S i © B
= - = 50—
©l ! =
S 50— =
A e I
z | + T —++ ] 3
=) g T4 E.\ _sol—
A I beed D L !
% 5 3 35 4 45 s & 2 25
m, (GeV)

consistent with JP=0-

(but with JP=0").

Eli Ben-Haim

3 35 4 45 5

my, (GeV)

Below n region: not consistent with J'=0-

FPCP, May 24th 2011
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B > K - n°

Information from B* —» =t* - K’

- 2 Forvrs AL e

s The likelihood projection (including systematic uncertainties) of the parameters
AD(K (892)r) =arg(C... - )—arg(C .. (92)° )

\IIIII’I|IIII|I‘IIIII’Illllllllllllllllllll_
|

I-I1!'.5'll'.ll I-I1II}I‘.I]I I I-ﬁlﬂl ~ Iﬂl )
Ad(K*(892)r)
s The constraint (statistically limited):

-137° < Ap [K*(892) t] <-5° excluded at 95% CL

Eli Ben-Haim FPCP, May 24th 2011 36



Extraction of CKM Angle y

‘T Isospin relations:

AB-»K*n)=V V' T* No other hypothesis
— E— than Isospin is used
A(B —K 911; ) = VUSV ut:N.:I + Vtsv tb(-P -+PcEw) p
AB'—=K™n) =V V (T™+T*-N")+V _V (P™-P°_ +P
V2A(B°—»K*z%) =V V' T® +  V_V (-P"+P_)

EW)

Neglecting P_ , the amplitude combinations:
3A,, = A(B>K™) + V2.AB° K %) =V V' (T™+T")
3R, = AB"-K'n) + V2AB'—K ") = V|V, (T™+T%)

CPS PRD74:051301
GPSZ PRD75:014002

Direct access to iy CKM angle

Eli Ben-Haim FPCP, May 24th 2011 37



Extraction of CKM Angle y

From experiment:
Measurable from K*n'n° and K°_n*n"

- |A(B°-»K™*xr")| and |A(B°= K™x?)|
- |A(B°»K"x*)] and |A(B’—»K )|
Through BRs and A__

Measurable from K*nn
¢ = arg(A(B°’-» K" n)A*(B° > K x"))
¢ = arg(A(B*-» K ®*)A*(B°-> K" n"))
Through interference in the same

DP B°(B’-bar) plane

Measurable from KOS‘E o

A = arg(A(B°-»K =" )A*(B° - K" %))
Through interference with other
components

Eli Ben-Haim FPCP, May 24th 2011
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