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Introduction

s Time Dependent CP Asymmetry
s Technique for Time Dependent Measurements and Flavor Tagging
s sin2f From b—2>s Penguins

Will not be included 1n this introduction: ~
¢ PEP-II, the BaBar experiment and Dataset |f.1
@ Definition of kinematic variables (mg¢ and AE) > prte\ﬂ(ous
adlKS

¢ Event shape variables for continuum reduction )
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T|me Dependent CP Asymmetry

s Can be used for the extraction of sin(2 [3); interference D'rGCt de% A \

between decay and mixing g0
fep

A,
5o—"

« For example, in the “Golden” b—ccs mode (B — J/iy KY%):  Mixing
MB° > JIwK (t) — T[B® = JLwK](t)

@% Ty )H@% ToRT jsin(Amdt)—Ccos(Amdt)

A ] \Y%
=Y cb C
T ol R’ i _J/
c M0 * A ] 50 c v
< 70 g i B \V *
) ¢ ! : 7 S T,
Z 200 ‘ - —~ s = 0
g - o 3 . d d K
2 04__ B ; ~ only one amplitude (tree diagram)
E 02 ﬁ = C=0
2 P AN :
< O N S =1 SIn2p
202 =
. . : :
04F BaBar, (PRD 79 (2009) 072009) — Extraction of sin2 from A,
At [ps]
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Time Dependent Measurements, Flavor Tagging

T i = = Forvrs AL e

Ingredients:

/(0.4 ps)

1. We need to measure time

Events

2. If we want to study a decay B'—>f

where f'is also accessible by an anti-B° B—>f

and we want to be sensitive to [(B'—>f) = I'(B'—f)
we need to “tag” the B flavor

Raw Asymmetry

K+
Coherent BB 5 tt%v
production ta8 -
. T(4§Z' -
€ — & J/w ,(L+

e'e” - Y(4S)— B°B° W‘<;< ,

Two B mesons, almost at rest in the center of mass, 1"
boosted in the laboratory, are produced in a coherent state By ~ 0.56
= until the first B decay, there is exactly one B% and one B® At ~ 1, ~ 1.5ps <> Az ~ 250um
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Time Dependent Measurements, Flavor Tagging

T i = = Forvrs AL e

Method:

* Boost: At measured via space length measurement Az between B,,, and B, .

tag

* Coherent evolution:
* at t,, the flavors of B, and B,,, are opposite
* flavor of the B,,, determined by its decay product (charge of leptons, K, =)

* flavor of the B, determined from the flavor of B, (and At)

B-Flavor tagging

t
rec a8 B meson
reconstruction
M<'
I

At=t_ —t
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sin2B From b—>s Pengums (1)

«  Within the Standard Model (S} (SM)

S s
Ccc‘:s

- S JFASSM
~ qus =0

MepSin2f

(dominant phase is the same as in b->¢cCs)
W

= b t % ¢ Standard
B, <, <« Model
7 7 K’ contribution

s New physics in the loop may cause deviation
in the values of S and C.

g > New Physics
b —=p & s —— contribution
(52 e
s Definitions:
AS=S_ - S qTs
sin2f et = -n cp Sqqs

Eli Ben-Haim

oo

Theoretical prediction for ASqy,

07,00 :
f,(980) K" s N0t including LD amplitude
1K'
| ---p-;;;;-""'""_"""""""'"'"""'""*--------
L T
0K’ s
____________________________ R
'K, —
______ ,[-]"-""""""""--E-m""""""“
0K —
---_;kﬁ """"""""""" '-' """"""""""""
Irll [ | 11 1 | | 1 1 1 | -I [ | 11 1 | | [ I
-0.3 {2 4.1 0 0.1 0.2 03

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

ASgy > 0
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sin2B From b—>s Pengums (1)

Within the Standard Model (SM)

MepSin2f

(dominant phase is the same as in b=>ccs)

Sezs = Sqgs T ASsy =
Ccc‘:s ~ Cqﬁs =0
b o t "‘
B’, <

d

¢ Standard
<4 Model
K’  contribution

QIR Q=

s New physics in the loop may cause deviation

in the values of S and C.

(L]
.....

New Physics
contribution

Definitions:
AS=S . - ch‘1s

CCS
sin2f et =

Eli Ben-Haim

— -Ncp Sqﬁs

In 2004:

—— —————— ‘
E BABAR 04 : ' H
= 0.722:+0.040£0.023 ! !
g Belle 04 ' 0
= 0.728+0.056+ 0.023 ! ' ’
< Average (charmenium - all exps.) ! i !
© 0.726+0.087 ' ! -
BABAR 04 : i ]
2 0504025 00 ! T
= Belle 04 : " i
—0—
0.06+0.33£0.09 T ' '
- BABAR 04 : ! '
4 0.27+0.14+0.03 ! ! '
= Belle 04 : ! '
0.65:+0.18+0.04 ! i —err
BABAR 04 : 0 ‘
¥ ol o0 : N B H
e Belle 04 I ‘ i
P
—0.47+0.41£0.08 ' : :
BABAR 04 i \ i
z:‘c” 035 420 £0.04 ! |
& Belle 04 ; H
0.3040.59+0.11 n H -
0 Belle 04 0 e
mK +0.13 T .
S 0.75+0.64 2 ! :
BABAR 04 M Uy
&L 0.55£0.22+0.12 L
< Belleod !
0.4920.18° " T
00,0 , Belle 04 i i
KekKsKs 1 726206020100 . .
Average (s-penguin) H- | [_FPcP 2004
0.41+0.07 ‘ al .
-2 -1.5 -1 -0.5 0 0.5 1 1.5
-1 %S,

Tensions between sin2f from
b—>cCs and b=>qqs (AS <0)
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sin2B From b->s Penguins (ll)

The situation today 1s quite different

Fresh sin2f world averages (HFAG): sin(2p° ) = sin(20, ) %
b—cCs: 0.67 + 0.02 bocos  World Ayerage  : B 1 067002

Y BaBar ' —— 0.26 0.26 + 0.03

b—>qqs: 0.62 + 0.04 (naive!) < Bele L 067 0%

% BaBar : : 4 1 057+0.08+0.02

Improvements: * = ., Belle ' -—--- 0 64 +0.10+0.04
X BaBar | ; {———  090*0fE+00

. . . . . h'd ! . : !

e hints of trends/deviations in previous o Belle T (0800322008

] ] * % BaBar | 5 . 055%0.20+0.03

measurements clarified by B factories %  Belle . 0674031 0.8
BaBar ————|{ 0.95 73] +0.06 +0.03

e several results from (Time Dependent) * - Belle —0.64 7254009 £0.10

. . aBar : : i~ ' 05505 +0.02

Dalitz Plot analyses * E Belle ——t——— |l 0.11+0.46+0.07

. . . *  BaBar : 0.60 ' 13
Still... some tension persists because of = Belle L 0.60 13
. « 4o f, K BaBar : ~—Ho-48-4 0.52 + 0.06 + 0.10

the theOI'Etlcal predlCthll ASSM > 0 ;"ig: BaBar ' 59.20 &0.52 +0.07 +0.07
BeBar— i { 07210711008

£ Belle —e L | -043+0.49+0.09

[t : ' 1 : +0.03

. . om Ks BaBar : — 0.97 "ys2

In the foIIowmg | will talk about K x i NaBar | ———— [l0.01%031+0.05+0.09

) BaBar >—-—< 0.86£0.08 £0.03

analyses that measure S and C for S Belle . fosro15:008
. b—qqs Naive average : wf : 0.62 +0.04

the modes marked with % _2 P ) 1 ,
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Analyses and Results

s« Time Dependent CP Asymmetry in B - @ K%, n'K°, n’K°
arXiv:0809.1174 [hep-ex], Phys.Rev.D79:052003,2009.

» Time Dependent Dalitz-Plot Analysis of B* — " - K’
arXiv.0905.3615 [hep-ex], submitted to PRD.
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B — o K%, n'K%, n'K° , 7K

Overview

s The 4 final states are CP eigenstates
s« Notably Large BF for B' - n’K?
BR(1'K%=65x10% ~ 7 x BR(n°K?)
( “Puzzle of the B— n'K branching ratio”)
—> small errors on S and C
s The present analysis:
¢ uses full BaBar dataset (467M BB pairs)
- 20% increase wrt. previous analysis
e has an additional i’ decay channel in n’' K%
® decreased errors on S and C for ' K° by 20-

25%
Signal yields:
Mode n'K% n'K% oK%  r'K%
Yield 1959+£58 556+£38 163£18 556432

o T _
ﬁﬁﬂﬂ- BO_>anOS i
- o total
Zapol T backgr )
!

a

200} i
_ St
O T o em o

(beam constrained mass) T (Ge¥)
% 2l |
~ 30 o -
‘N
T 20
3
o
S 10
]

0-

(energy difference btw.

peamandBOinCM)  AE (GeV)

Eli Ben-Haim EPS HEP 2009, July 16th 2009 10




Results

B — o K%, n'K%, n'K° , 7K

s sin2f°T<sin2f for all these modes

sin2 B <ft (HFAG _FPCP 2009)

[b—ces_ World Average : . _.... 0672002
) ) TS T TTBaEBar YT e U57T0.08 £0.02°
s C compatible with 0 to 1o, except X Belle § 4 | 064:0.10+0.04
0 . +022 + O 03 :::‘::’:F;: ::B;eﬁraarge_h_.:::::::::::::::::::i::::::::-:::_ E_:::l:i::::{jgé:irg;g%%%h%g::
C((DK S) =-0.52-020 . X Eelle ; . 0.67+031+008
R _ Average: : — : . 057017
s More data 1S needed to Conﬁrm e T T BaBar T T T T T T ISR T £ .02
. L. x Belle HI 0.11 +0.46 + 0.07
pOSSlble deVIatIOHS =2 Averaoe . 0.45+0.24
a0 KO ® . |
20 a” oK S | 150 aop © 0 Kos‘
B() ta gs 107--- SIg. | 100 2ok )
g, 50
E‘ 0 ) 0 t
3 : .
A 20 (b) 7 sl © .

150

B! tags

etry
o =]
W

T

Asymmetry

O g —

As
(=]
[9.]

-1.0-

7# N o
ol | C=-0.52*0210,03. '°'jgﬂ

| €=-0.08 £0.06 + 0.02 €—>

6 -4 2 0 2 4 6 _§ 4 2
At (ps)

0 2

4 6
At (ps)

T ‘ ‘ L + I
J %Si _O‘Sﬂﬂﬁ il + i
1 4k .C=0'.13 + 0.12} + Q.03_
6 4 2 0 4 6 6 4 2 0 2 4 6
At (ps) At (ps)
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Analyses and Results

« Time Dependent CP Asymmetry in B? - @ K%, n' K%, n’K°
arXiv:0809.1174 [hep-ex], Phys.Rev.D79:052003,2009.

« Time Dependent Dalitz-Plot Analysis of B’ — " - K’
arXiv:0905.3615 [hep-ex], submitted to PRD.
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B?— " - K%

Dalitz-Plot (DP) Analysis

s Each intermediate resonance appears as a m?,; “Cartoon” D
structure in the DP according to its mass, - d’p
: : dmy dm,y o€ ——
width and spin
s Resonance parameterization (isobar model): spin=0

complex z X e.g. Breit-Wigner
s DP and At model:

dr (m?,m2, Atq,,) N m e ‘Z‘z)
dAt dm,, dm,,

~G4g (|A|2 — ‘Z‘z ) cos(Am At)+ D14g 2 Im(ZA*ei'Zﬂ ) sin(AmdAt)}
~YC ~YS

Directly extracted parameters: isobar amplitudes C;
Other parameters (S, C, A, phases, Branching Fractions) are computed from them

s Superimposed resonant contributions = interference

—> access to phases with no sin2f ' = sin(180° - 24 ¢') ambiguity!
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Dalitz-Plot Signal Model

s In Practice, we use a “square DP”’: o;—
a transformation (m,;, my;) =2 (m’, 6") Z::
s Signal components: r z::
o B"— pY%770) KO Y3

o B°— £,(980) K, 02 :

o B’ £ (1300)K0Y & T ot MC-

o B £,(1270) K’ resonances L Y v o n(1)5 T R R T R R

¢ B ka Kl LBoplane 0> rmKt

e B'—K'892)mw K ost-To (> 7K’ 3

¢ B’ — Kn S-wave }resonances 3 E

¢ Non-resonant o 3

- 8x2-1=15 complex isobar amplitudes “’Zj E

= Same signal model as in BaBar 0.3 E

B*—K" pipi™ analysis K*(892)(> KE':R-W —_ MC:

s The interference 1s visible 625 04 05 06 07 08 68 1
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BY— 7" - K%

Motivations

T oo o3 Bei gy L S

s From what we have already seen...

e The signal contains p°(770) K% and f,(980) K intermediate resonant
states (b — qJs modes) = measurement of /¢t

e Time dependent DP = no sin2f ¢ = sin(180° - 23 ¢f) ambiguity on phases

e Rich resonance structure = access to many observables!

s Furthermore...

e Access CKM angle y from phases related to the K™z intermediate states
in B'-»K*'nnY and B'-»Kn'n
Ciuchini, Pierini & Silvestrini [PRD74:051301 2006]
Gronau, Pirjol, Soni & Zupan [PRD75:014002 2007]
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Results: goodness of fit - distributions of m,_

Eli Ben-Haim

B?— " - K%

Invariant mass of the two pions (m__) for all the events
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Results: goodness of fit - distributions of m__

Eli Ben-Haim

B?— " - K%
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Results: goodness of fit - distributions of m__

B?— " - K%

45 . . . g
b u misidentified
35;— as
305
255~ ) L B R
20E- -
15E =
10E -
5 =
> —=
e S e B e =
_8T+_+_+_L_T|_—_|___|_ _____ R B S A ey = —
67 3675 368 3'*6'8'5 ('G 369 T3695 37 3105 =
g L ] A T R 1 ]
0 i A .+'r++.1 1; Jr*.'rlf’f#T‘u#H*r i R PN 2 3 o £ 2 0 ket b S 1 4 T
R S e e A 2 s e S
) L Illu P T T [ R O T N | |I 'R R B |I MR R L |I M| 'I' I L I
405 T 15 2 25 .3 35 4 45
m_, (GeV/c7)
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B?— " - K%

Results: goodness of fit - distributions of m_

. Small mass region
4();— _i . .
e £,(980) K0 = Signal enriched
22§p0(77O)KOS E '|""|""|""|""|""|'-'§
0E- = i =
15E- = | =
4F ' =
%."‘+—|—_L|_L """ 8 Il fulufued ok et i i inlatebudniriote mhul i e sl 1--r~H :,’j =
RS e e e e o o B 8 S, L SR ookt | =
< 04 06 08 1 12 14 16 18 i =
m,_. (GeV/cY) zsé —:
400 =
200 ot B S:s,.‘_,,.n_,,.i S _:
] 1 1
TmETa sty +*'J:1+T1-4=[|#*H*r TR RS R A e ST
Y ALETEE H-F- Pphp Ayl + FEt + H*—-T* #' 1H++--++T+t+¢" +1“"¢+
) L Illu P T T [ R O T N | M B MR R L I‘I'
405 T 15 2 25 .3 35 4 45
m_, (GeV/c7)
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Results: goodness of fit - distributions of m_

B?— " - K%

P —— 3 Small mass region
0 £,(1270) KO = Signal enriched
i £(1300) KO 3 J
30E- _; ) I LA AL I BN R
25E- E =
20E = i =
s - =
10E- £ % —
! ' =
%."‘+—|—_L|_L """ b ok Ralatadl et ety e Sl skt e 1~ :,’j -
Opt - O T Ey o S e L R o o T =
4 04 06 08 '('1G'w'2) 214 16 1 | E
400 =
200 sﬁs.aumu,:umumasz;amw:gnaus;,awwg@i;a%ms.awmsaaﬁ;s.,,._;s.ﬁ;ummmmmmggw@guﬂwﬁu " oy _:
] 1 1
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) L Illu P T T [ R O T N | M B MR R L I‘I‘
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B?— " - K%

Results: goodness of fit - distributions of my,

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

Invariant mass of the K and n system (m,_) for all the events
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B?— " - K%

RGSU“S goodness of fit — distributions of mK,c

T L L S

ity = ot K'(892) he"Clty >0 3| Small mass region
elicity=cos@ E . :

o . K*(1430) & Signal enriched
G ; TC- 30 § L L .
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.......................

2 .
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Shioon A&
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B?— " - K%

Results: goodness of fit - distributions of my,.

K*(892) . helicity > 0
K*(1430) =

Small mass region

helicity = cos@ : :
Signal enriched

0 40
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0 i 30

II|]I 1 IIIIIIIIIlIIII[III
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IIII|IIII|IIII|IIII|IIII|IIII|II

T
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T IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

£ K'(892) helicity <0 3 interference
e K*(1430) z="Tl Destructive
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2 | L Iu T|I I| : I 'l' L II+
2 2 2. 3 3.5
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B?— " - K%

RGSU“S At and asymmetry for ,(980) K

| 0(980)K0 region

Signal enriched sample 0(77O)K0 reglon

50;
_ 2 40
£ B tagged N
3 events FRE
R > 20f
m m k
10:
352— 50;—
30F RO . 40F
2.5 B® tagged g Yo
= events S 30F
—= - } -
& 15t g 20E
2 oE fn ~F
& E 10
i . 1?—
& 0% | ’l\j‘d; + o Asymmetry & 0‘51 | +<U g
E ﬂ; l N ]_ -[ _'_; g 0: HHHH%HHH
fod TR il | |
_1: I T P T T T . S 1—|...|...|...|...|...|...|..—:
- - 0
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B?— " - K%

Results: cp parameters - C and peff

s Projections of the likelihood function (including systematic
uncertainties) on the C - ¢ plan for £,(980) K% and p°(770) K.

s Contours represent the 1 to 5o (Gaussian standard deviations) regions

s We have two solutions, almost degenerate in likelihood.

)

0
S

s X 0.2
® (<]
g g
- ¢
o -

. (3]

£,(980) K°

v e by Ly P
60 40 -20 0 20 40 60 80

0 -1 ‘

o (t (SBO)KE 060 40 0 0 2040 €0 80
18° < BefT [£,(980) K] < 76° (95% CL)  -9° < Beff [p(770) K] < 57° (95% CL)
CP conservation (¥x)excluded at 3.5c Agrees both with CP conservation (¥%)
Agreement with b — cCs value [[3,0] and with b — ccs value [[3,0] (A)

(A)atl.lo
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B?— " - K%

Results: information for the extraction of Y

. CPEWtPRbﬁ:Qmou and GPSZ [PRD75:014002] use the phase differences:
AD(K (892)r) = arg(C... (9275 )—arg(C .. (392)° )

and AD((Kr)g...7) toextract information about the CKM angle y
(together with information from K™/ K* from K* t- %)

s The likelihood projection (including systematic uncertainties) on these parameters:

IIIIIII-.rIIIIII'IIII.IIIIIIIIIIIIIIIIIII
i I|.'_

LI LI LI T T 1T LI LI T
T T I T T T
F \i

-2Alog(L)

-2Alog(L)
of- W ofa\o o N o ©»
\IIIII’IllllIll‘lIIII’I|IIII|IIII|IIIIIIIII

I-I1I‘.5'll'.ll I-I1IIJI‘IIJI H—ﬁlﬂll “ﬂl ...50., 16015(] - -50 0
Ab(K*(892)r) Ap((Km)” m)
s The constraint obtained here 1s statistically limited
e.g. -137° <A¢ [K*(892) n] <-5° excluded at 95% CL
s  We also measure:

A[K*(892) m] = =0.21 % 0.10 + 0.01 % 0.02 ; Agpl(Kmt)syare 7] = 0.09 % 0.07 & 0.02 + 0.02
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Eli Ben-Haim

RESU"ZS summary and perspectlves

B?— " - K%

Using 383M BB decays we measured
15 relative isobar magnitudes & phases

= 9 Branching Ratios
= 9 CP Asymmetries
= S and C for 5 modes

A joint/combined Dalitz plot analysis
with the Belle and BaBar likelihood
functions 1s planned for this channel,
using the full datasets. The joint
analysis, apart from getting the best
from the B-factory data might help to
solve the multiple solution problem and
provide more information about the fy
resonance. We plan to perform as a first
step a common fit of the B*2>K* pipi*
channel that provides information about
the signal model for the present one.

sm(ZB )— sm(Zdh Ty

World Average : 0.67 +0.02

b= HFAG (FPCP 2009}
BaBar i 0353240064003

P%s  &rXiv:0905.3615 §' E— :

baBar i 0.067% 10031002
fa s rXiv:0905.3615 | —
LK BaBar 5 5_0.48 +0.52+0.06+0.10
= H aer 0905.3615 H
K BaBar : En.zn +0.52 +0.07 +0.07
X8 aer 0905.3615 ; i

BaBar 10.01 £0.31 £ 0.05+ 0.09
= % K NA arXiv:0905.3575 " N ,

-1 U 1 2

Only from the present analysis

f f

- BaBar: ! -0.05 £0.26 £ 0.10 £ 0.03

P%  aXivpeosasts i :
BaBar! ! 0.08 £0.194 0.03 4 0.04

s arxivpeosasis  TH :
K BaBar' : 0.28 2% 1 0.08 +0.07

L .—.—t_‘ 1

278 arXiv:0905.3615 : :
K BaBar' : 0.13 o 10044008

X h arX|v:9905.361 5 : !
BaBar: : 0.01 £0.25 + 0.06 + 0.06

* %KM arXivboos.asts T f
1 K-} 1 B 1.4 1 2 1 Dl I B HA I2 :2 :4 .IE ﬂ:! 1' 1:2 1:4 1: 1:
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Summary and Conclusions

- i = = Forvrs AL e

_ _ , . sin(2B™) =sin(20") vs Cp=-Agp
s BaBar 1s adding more information on c_-=-a, CKi2008

PRELIMINARY
sin2f# and using more sophisticated o8
analysis techniques to 1mprove the g
precision of measurement in hadronic

. 0.4 i
penguin modes
. . 0.2 i
s Measurements of decay amplitudes in DP
analyses can be used to set non-trivial ° AN i
constraints on the CKM parameters (p, 1) 02t 1k LR -
T KKK LRRESIHD
04 L7 K, '3}”3’3‘& _
e : p“K: 6‘{'&‘.”

s Overall, we observe an agreement between 6|

. ff) 5 = = =
sin2 3¢ in b—ccs and b—>qqs 08 [l . ,'KIE" N
1 1 04 -02 0 02 04 06 08 1
s Most of the b — s penguins still have (SR = 2o
Sinzﬁ eff < Sinzﬁ Contours give -2A(ln L]=Af=1,correspondingm 60.7% CL for 2 dof
s [he actual statistics 1s not sufficient to tell A This plot does not show
all the measurements

whether or not this could be an indication

. presented here, but is included for
for new physics.

illustration of the general situation
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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
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Quick Reminder of Basics

- PRERSn S LEELEE LA s ons S O

oo

CKM matrix Wolfenstein parameterization:
Vud| Vus | Vb 1 — '3*2—2 A AN (p —in)
Vea| Ves | Ve ~ — 1-2 AN?

( Via| Vis ‘f’?b) AN (1 = p—in) AN 1

* * % : A
VadVy + VeaVy + ViaViy =0 Qi
ocA’3 oc)’ ocA3 VudVub b Via Vip
Ved Vebl | VeaVeb|
In other unitarity conditions (triangles) i
sides are very different. |
Second and third columns: flat triangle for B 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
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Systematic Uncertainties

B — o K%, n'K%, n'K° , 7K

SU‘]_]I'C'E S.AJKE! C\J«KLD:; S‘i]l" K__ﬂc: C]'?FKE' STFFKE GTT!K?, S’]‘TDKE: CW{}K‘EG}'
Variation of PDF parameters 0.012 0.019 | 0.006 0.009 | 0.009 0.007 | 0.010 0.012
Bias correction 0.010 0.007 | 0.006 0.005 | 0.014 0.009 | 0.011 0.001
Interference from DCSD on tag side 0.001 0.015 | 0.001  0.015 | 0.001 0.015 | 0.001 0.015
BB background 0.009 0.010 | 0.009  0.005 - - 0.005  0.001
Signal At parameters from By, 0.002 0.001 | 0.009 0.015 | 0.004 0.008 | 0.016 0.011
SVT alignment 0.011 0.003 | 0.002 0.003 | 0.004 0.004 | 0.009 0.009
Beam-spot position and size 0.000 0.000 | 0.002 0.001 | 0.004 0.003 | 0.004 0.002
Vertexing method - - - - - - 0.008 0.016
Self-crossfeed - - 0.004 0.001 | 0.001 0.004 - -
Total 0.021 0.028 | 0.016 0.024 | 0.018 0.021 | 0.025 0.028
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Dataset and Square DP

[

1 I LI L LI L LI L I LI 1 1
0.9

25

: i
e b ] 0.8

[k
- - : lm’,w 7 0.7
o [ ", ] 7
o L \H W, - 0.6 o
- Sk i, i = 0.5
= 1 i ] .
o 1 T L,
10 , N N 0.4 i

. \ -.._:f'-l.“‘r ] 0.3
: Ty .

; \\ ey ] 0.2
", B i

N, 0.1

'R B |:.| [ "'T.- i '|""'|-'-.'u| ""I_"’-'P"%:'if{' gl““'“r:-qfrﬂl ] 1
5 10 15-2 4 20 25 ; ! 4 0.
mﬁgn.{GeV ic”) m’

Illllllllll_ll

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

nﬂ
oF
Y
_QZ
| %
c_
-
[== ] 8
E

Total: 22525 candidates
Yields

Signal: 2182164
Continuum : 14240+126
D pi: 3361 £ 60

J/psi Ks1804 + 44
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B?— " - K%

The Likelihood function

B |

_.
Pf = Niigfag [(1—fsc*1r) se—TM.i + fscr scig—SCF,z']

+ N;qau + GagiAgq) PS.

[ e 1 c
+ Np+ g+ 5 (1+ Guagidp+) Pps

0
B
-ﬁ"ri:]uss.

+ Z JVBDjfEujJPEuJJ i

= 1
‘P&-,l HPX*L 'Ilr»]

X = {sig—TM, sig—SCF, ¢q, B, B"}
r1 = Mmgs, ¥2 = AFE, r3 = NN

ry = {m' 0, At): } Fit variables
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Extracted Isobar Parameters

B?— " - K%

Solution I Solution II
[sobar Amplitude Magnitude  Phase (°) Magnitude  Phase (7)
R 10 0.0 1.0 0.0
o 050) 2 37404 —739+196 32£06 —112.3£20.9
p——— 010 L0.02 3561490 0001002 667 L1583
C, (770) K0 0.11+0.02 1534200 0.10+003 —0.1+18.2

Cro-t(so2)n—  0.154 £0.016 —138.7 £25.7 0.145 £ 0.017 —107.0 £ 24.1
Crcom(son)nt  0.125£0.015 163.1£23.0 0.119+0.015 76.4+23.0

Circm)ytmm 69+06 —151.7+£19.7 6506 —122.5+20.3
Clicm)t—nt 7606 136.2 £ 19.8 7.3+£0.7 52.6 £20.3
w)g ®

Crazroke 0014 £0002 58L192 0012+0003 23.9L227
Cryaroyy  0.0114£0.003 —24.0£28.0 0.011+0.003 —83.3+243

Cr(momky  1A1E023 432£220 140£028 B850 £ 248
Cr(sooy  124£027 3164230 1.02£033 —67.9+221

CN R 2605 35.3+16.4 1.9 +£0.7 56.7 £ 23.6
CNR 2.7+£06 36.1 £ 18.3 3.1+06  —452+17.8
Cor oo KO 033£015 614+£445 028+0.16 5194384
Coen KOG 044 +0.09 151+£300 043008 585279
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Definition of Physical Parameters

B0 — 7t - KO

1

F eﬁ(k) —arg(r:kr:kj
ekl — [
C{k:} _ |Ek|2‘|‘|5k|2
21Im(ercy)
Sk k
( ] |Ek|2+|ﬂk|2
Ez]* — |ex|?
Aqp(k) =
{:".F'{ } |EE:|2+|C.E:|E

ok, ) = arg(crel,).
o(k, k') = arg(erer)
A (k) = arg(cicr)

Eli Ben-Haim

(lex|® + |ex|*) (Fx FyY)

FF(k) =
(%) > (CuCh + 400 ) (FuFy)

where the terms

{FFLFLT} — /prF:d5+dS_

BF()= FF(k) x B(B® — K

gm T T)

il (|-f‘1|2 — |A|E) ds.ds_

incl _
o il (|A| + |A] )d5+d5_
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Physical Parameters (l)

Parameter Solution 1 Solution 11
C(fo(980)K2) 0.08 +£0.19+0.03+0.04 023 4+0.19 +0.03 + 0.04
Beir (fo(980) K2) 36.0+9.8 +2.1+2.1 56.2+10.4 +2.14+2.1
S(fo(980)K2) —0.9675 5] £0.03£0.02 —0.907]7% £0.03 4+ 0.02
Corr[ B ( fo(9R0)KL), C(fo(980)K2)] —3.1% —17.0%

Corr[S( fo(980)K2), C( fo(980)K2)] 19.7% 12.5%
FF(fo(980)K¢) 13.8515 £08+06 135713+ 08+06
C(p " (TT0)K2) —0.05 £0.26 +0.10 £ 0.03 —0.14 £ 0.26 &+ 0.10 & 0.03
Besz (p" (TTO) K2 10.2+894+304+1.9 33.4+104+3.04+1.9
S(p"(TT0)K2) 0.35703] £ 0.06 £ 0.03 0.9170%5 £ 0.06 + 0.03
Corr| g (p" (TTO)KS), C(p" (TT0) K2)] —23.0% —34.0%
Corr[S(p" (TT0)K2), C(p" (TTO)K2)] —21.3% —10.4%
FF(p"(TT0)K2) 8671 3+£05+02 85715 £0.54+0.2
Acr (K" (892)7) —0.21+£0.10£0.01 £0.02 —0.19751] £0.01 4+ 0.02
AD(K*(892)7) 58.3 +£32.7+4.6+8.1 176.6 + 28.8 £ 4.6 + 8.1
FF(K*(802)7) 11.0712 £ 06 £ 0.8 10912 +064+08
Acp((Km)§m) 0.09 +£0.07 +£0.02+0.02 012700 +0.02 +0.02
AD((Km)ym) 7224+246+41+44 —17514+226+41+44
FFP((Km)ym) 452+23+19+09 46.1+24+19+09
C(f2(1270)K2) 0284035 £ 0,08 £0.07  0.09+0.46 + 0.08 £+ 0.07
Besr (f2(1270) K2) 149+ 17.9+3.14+52 53.6 + 16.7 £3.1 + 5.2
S(f2(1270)K2) —0.48 £0.52 £ 0.06 £ 0.10 —0.95 £ 0.17 & 0.06 = 0.10
Corr[feg( f2(1270)K2), O(f2(1270) K 2)] 11.5% —2.8%
Corr[S(f2(1270)K2), C(f2(1270)K2)] 0.9% 21.2%
FF(f2(1270)KY) 23702 +0.240.7 23707 +0240.7
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Physical Parameters (ll)

B?— " - K%

Parameter Solution 1 Solution 11

C(fx (1300)K2) 0.13%032 £0.04 £0.09 0.305531 +0.04 £ 0.09
Bes (fx (1300)K2) 5.8+152+22+23 76.9+13.8 £22423
S(fx(1300)K2) —0.20 +0.52 + 0.07 £ 0.07 —0.42 + 0.41 + 0.07 + 0.07

Corr|B.g(NR), C(NR)]
Corr[S(NR),C(NR)]

Corr|[Beg (fx (1300)K3), C(fx(1300)K3)] —27.0% —9.3%
Corr[S(fx (1300)KS), C(fx (1300) K 2)] 28.5% 6.1%
FF(fx(1300)K%) 367585 +£03+09 35508 £0.34+09
C(NR) 0.01 £0.25 +0.06 £0.05 —0.457533 +£0.06 £+ 0.05
Bt (NR) 04+88+19+38 51.0+13.34+1.9+38
S(NR) —0.01 +£0.31 = 0.05 + 0.09 —0.87 + 0.18 + 0.05 = 0.09

—10.6%
10.6%

—37.9%
—91.5%

Corr|[Best (x0K§), C(x0K$)]
Corr[S{xcuKE] . C(XEDKE)]

FF(NR) 11.5+£20£1.04+06 126 +£20+£1.0£06
C(x0K$) —0.201053 £ 0.03+£0.05 —0.417053 £0.03+0.05
Bett (X0 K &) 2324+92244+23+42 5524+9233+L23442
S(xe0K2) —0.69 £0.52 £ 0.04 £ 0.07 —0.85 £ 0.34 £ 0.04 £ 0.07

—5.8%
—-19.1%

—5.8%
—T74.2%

FF(x0K2) 104754 40,04 £ 0.11 0.997037 £ 0.04 £ 0.11
total FF 972+ 7 £ 21+ 1.15 98.3*15 £ 214+ 1.15
Alngt —0.01 £0.05 £ 0.01 £0.01  0.01 +0.05 £ 0.01 £ 0.01

417 (980)K 2, p(TT0)K3)
B " (892), (Km)5m)
6(p(TTO)K 2, K* (892)T)
$(p(TTO)KY, (Km)3m)

—356+149+£61+44
13.0+109 =46 £ 4.7 155 £ 102 £ 4.6 £ 4.7
1743 £28.0 £ 8.7+ 127 —173.7T 298+ 8.7+ 127
—1728 +£ 226 £10.1 £8.7 —170.8 £26.8 £+ 10.1 £ 8.7

—66.7T£183+£61+44

o(f*(980)K g, p(TT0)K§)
O(K " (892)m, (Km)5m)
o(p(TTO)K S, K*(892))
o(p(TTO)K g, (Km)am)

—892+171£85+£7.2 —1122+178+85+£7.2
269+902+49+6.1 23.8+91+49+6.1
1478247+ 11.3+11.9 —76.5+240+11.3 119
—1209 216 £8.7+73 —5H27+214+£87x7.3

Eli Ben-Haim
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More Likelihood Projection Plots

[ PRERSn S LEELEE LA s ons S O BRC = s L LR et oo
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Branching Fractions

- i = = Forvrs AL e

Mode B(B" — Mode) x B(R — hh) x 107° B(B" — Mode) x 107°
Inclusive B® — K%t~ e 50.15 + 1.47 + 1.60 + 0.73
fo(980) K" 6.92 + 0.77 + 0.46 + 0.32 e

P°(TT0)K° 4.31+97% £ 0.20 +0.12 4367971 +0.20 £ 0.12 +0.01
K*+(892)m 5.5210-61 4 0.35 + 0.41 8.20+0-92 4 (.53 + 0.62
(Km)ptm™ 227 12 +12+06

f2(1270) K° 1.15+0-42 £ 0.11 +0.35 2717999 +0.26 + 0.83+9-0%
fx (1300)K° 1.81+0-3% 4 0,16 + 0.45 e

flat NR . 5.77 160 £0.53 +£0.31
Yeo K ° 0.52+5 78 = 0.03 + 0.06 14275 £ 84+ 16 + 12
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Systematic Uncertainties

- LSS e x x = x A S e

Parameter DP Model Lineshape Fit Bias B Background Other Total
C(fo(980)K2) 0.04 0.02 <0.01 0.01 0.02  0.05
FF(fo(980)K2) 0.6 0.69 0.5 0.07 <0.01  1.03
Ber ( fo(980)K2) 2.1 1.9 <0.1 0.2 0.3 2.9

C(p"(TTO)K2) 0.03 0.04 <0.01 0.06 0.06  0.10
FF(p" (TT0)KS) 0.23 0.31 0.3 0.09 0.15  0.52
B (p°(TTO)K Q) 1.8 2.2 <0.1 1.2 1.7 3.5

Acp(K*(892)7) 0.02 <0.01 <0.01 <0.01 <0.01  0.02
FF(K*(892)m) 0.8 0.13 0.4 0.03 0.43  1.00
AD(K*(892)7) 8.1 2.8 <0.1 1.4 3.3 9.3

Acp((KT)5T) 0.02 <0.01 <0.01 <0.01 0.02  0.03
FF((Kr)sm) 0.90 0.39 1.8 0.12 0.33  2.08
AD((KT)am) 4.4 2.4 <0.1 1.3 3.0 6.0

C(f2(1270)K2) 0.07 0.04 <0.01 0.05 0.06  0.11
FF(f2(1270)K2) 0.69 0.16 0.09 0.02 0.19  0.74
C(fx (1300)K2) 0.09 0.03 <0.01 0.01 0.03  0.10
FF(fx(1300)K2) 0.87 0.28 0.14 0.02 0.17  0.94
C(NR) 0.04 0.01 <0.01 0.01 0.07  0.08
FF(NR) 0.60 0.86 0.5 0.12 1.62  2.00
C(x0K§) 0.05 0.02 <0.01 0.01 0.02  0.06
FF(x0K2) 0.09 0.06 0.04 <0.01 <0.01 0.1
At <0.01 <0.01 <0.01 <0.01 0.01  0.01
FFro 1.15 0.55 2.0 0.08 0.36  2.40
o fo(980) K<, p"(TT0) K 2) 4.4 2.6 <0.1 3.4 4.3 7.5

o(p" (TTO)K 2, K™ (892)) 12.7 3.0 <0.1 3.6 7.3 15.4
o(p" (TTO)KL, (K7)5m) 8.7 8.5 <0.1 3.9 3.7 13.3
H(K™(892)7, (Km)am) 4.7 0.7 <0.1 0.3 4.6 6.6

Signal Yield 31.7 5.8 14.0 3.3 23.0  42.1
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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
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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

3A
Eli Ben-Haim EPS HEP 2009, July 16th 2009
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