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Introduction
Principle of TCPV measurement
Precise measurement of sin2¢,
TCPVin b - ccs (BY2J/ ¥KO etc.)

CPV In b = s penguins (Search for New Phys.)
b =2 sqq
Deviation from sin2¢, =» New Physics
b -2 sy
Large TCPV = New Physics

Future Prospects




Kobayashi-Maskawa Phase
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. A ~0.22
CP violation Is due to a complex phase

In quark mixing matrix

CP violation parameters

(21, 0, 03) = (B, a, ¥)




Observables for TCPV

N CP Violation manifests itself in

@ proper-time difference (At)
distributions of two B meson
decays.

(B30 1) TB10) > )

Acp= o=,
CP F\Bg(At)_) fep )+F(B§(At)—) fcp) S = 21mAcp
| T 1+ [Aep)?
= S sin(AmAt) + A cos (AmAt) n ||ZC-P1|
Mixing induced CPV  Direct CPV A= |>»§E|2+1
(BaBar: A = -C) _q AB>f,)

Aer = p ABST,)



sin2¢, measurement
*> Acr = S sin(AmAt) + A cos (AmAt)

Mixing induced CPV Direct CPV
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 Br(b—>ccs) ~ 103 - Many B-mesons are required
e At measurement -2 B-mesons should be boosted
- Asymmetric B-factory Acc. is the best way



KEKB (located at Tsukuba, Japan)

World Records (Feb 15)

- — Lpeak = = (1.516x10%4)/cm?/sec
3.5GeV e x8.0GeV e- /L dt ~ 360 fbL
efe” — Y(4S) on-resonance ~ 330 fb-!

22 mrad crossing angle ~ 350 M BB pairs



PEP-Il (located at SLAC, USA)

3.1 GeV e* x 9.0 GeV e-
ete” — Y(4S) with gy=0.56

. head-on collision

= (0.923 x 1034)/cm?/sec
JL dt = 246.4 fbL

omcayums. | ~245 million BB pairs
- " +23 fb-! of f resonance

Both Rings Housed in Current PEP Tunnel



History of Asymmetric B Factories

400 | ! _
150 N=Y | (~350 million
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Aerogel Cherenkov Counter
n=1.015~1.030

C t%-l’ ’
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TOF counter \ % .‘ [
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50-Iayers + He/C,Hj

K, u detector

B vertex

Si Vertex Detector
4-layer DSSD



Event Display
B 2 J/¥Kq
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BABAR Detector

6580 CsI(TI) crystals

DIRC (PID)
144 quartz bars
11000 PMs

Drift Chamber

40 layers
, 1.5T solenoid

Silicon Vertex Tracker
5 layers, double sided strips

e (9GeV) s
—

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)




Principle of TCPV measurement

CP-side

+

/ M_ JI¥
Y(4S) —> L
electron resonanV\
(8GeV
—> < K

posnroN

(3.5GeV) B2

Pry=0.425 (Belle)
0.56 (BaBar)

1. Fully reconstruct one B-meson which decays to CP eigenstate



B-meson Reconstruction Variables
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Principle of TCPV measurement

CP-side H
. JI¥
Y(4S) |
electron resonanV\
(SGevg
€ : : S/L
positron : 3V : -
|
|

Br=0.425 (Belle)
0.56 (BaBar) i 5 > T

) W (Belle) H reconstruction

1. Fully reconstruct one B-meson which decays to CP eigenstate
2. Tag-side determines its flavor
3. Proper time (At) is measured from decay-vertex difference (Az)



sin2¢, measurement results

TCPV of b 2 ccs modes
(tree-diagram)



&7 sin2¢, Results: 227 x10° BB pairs

S 3900 signal events: signal region signal region 1600 signal events

1000 BABAR : 500 |- : : BABAR
_ I
(o) Ks &.,=—1 : 400 ! ﬁ :J/ ¢ K signal

11/ 4 X haclkarniind

w01 sin2¢, = 0.722 £ 0.040 (stat) £ 0.023 (syst)

|Acpl = 0.950 £ 0.031 (stat) = 0.013 (syst)
(consistent with no-DCPV, |A.|=1 <> A=0)
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Events/( 0.4 ps)

Acp(At) = -EpSIN2¢,SIN(AMAL)
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Va4 sin2¢, Result : 152x108 BB Pairs

BELLE
1000 | 4347 sighals  hep-ex/0408111
el W i’ £, 5%l
"E N JIWKg(m ) 0 '
c_-.u 600 | IWKg(mny E
Z 500 E W=D Ks =

sin2¢, = 0.728 £ 0. 056 (stat)
+ 0.023 (syst)
|Acp] =1.007 £ 0.041 (stat)

+ 0.023 (syst)
consistent with no-DCPV [A =1 A=0 |

_]"I
< 0.

—

Il
L
E—

Mumber of avants / (0.05 GeViel




Consistency of TCPV results with
Indirect constraints




sin2¢, measurement

Standard Model : sin2¢, = 0.726 + 0.037

_ | d = b
b L d
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Standard Model

S=-E,sIN2¢p,, A=0

P of Bz o
d———_"S
d

Standard Model i

S #-E,pSIN2¢,, A~

Extra CPV phase
2> sb%s 7- sSM
> New Physics
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TCPV In Hadronic
b =2 s Penguins

New Physics Search
INn “sin2¢," (= -cp S) Measurement



D
BO — ¢KO signals
g,!.i 227M BB I‘ [hep- ex/0502019] I 275M BB I‘ [hep-ex/0409049] I

PKS: f NS|g 114+12 <a>f NQ ok | Nsig = 139+14 PKS:
¢ > KK~ Lo 1 2 purity = 0.63 ¢ > K*K-
Ks = min” % I S 40 Ks = ',
gZO WL i %30- 7‘[07'50
Nsig < B 10 i ;220-
#events for M%ﬂhﬁ%ﬁj HH ura 0 -
TCPV fit 0522 524 526 N [5(-;2:\//62] 82 522 Msbf?ee?/?c?) 528 53 all S|qna|
plots for signal-enhanced regions events
signals seen in the plots < Nsig Y
—~ =3bx .
(At used for selection) 2 NS|gt 3_6 01157 + oK.
T Nsigcgssis ] Ser PO T $ > KK
phL 2 i % % E(L:\ll_w KLM
- K+K- o’ y 2 or
ﬁ / N J( JLM.JFM 12
LW 5 =117 }Tli JT% 0 29 _
EMCor IFR — 1] | :ts)llgg+sbukr% sum
e e T LU R R

AE [GeV] p; (GeVic)



— 227M BB I‘ [hep-ex/0502019] I 275M BB

TCPV

results for B® — ¢KO

“sin2¢,” = +0.50 £0.25 *30 “sin2¢,”’= +0.06 +0.33 +0.09
A = 0.00=0.

Asyvmmetry

. 1 <
—Il- [ u | [ e ) [ | —a C

Asymmetry

e )

23 £0.05 A =+0.08 £0.22 +£0.09
~1.96 @Sl\/l preliminary
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preliminary

&>
B

=8 TCPV results for B? = owKs
275M BB ” [hep-ex/0409049] I

“sin2¢,” = +0.75 +0.64 7018

A =+0.26 £0.48 +0.15
20f
~ ., b Nsig=31+7(7.30) 1
=1 purity = 0.56 2
E isp P z 0.5
W25k =
S > 0
c 10k <
b Goodu L
c5).-2 522 524 526 5728 53 7 5 5 2 5 0 2 5 5 7 5
M, (GeV/c?) At (pS)



> _ | [hep-ex/0411056] I
TCPV in B°? = KskKsKs preliminary

275M BB

“sin2¢,”= —1.26 £0.68 +£0.18
o A4 =+0.54 +0.34 +0.08
>
&
&
S 1k
o [
o 0.5F
8 |
& = f
© -0.5F
1 . 1 1 ] E
524 5.26 25.28 5.3 ; .............................
M, (GeV/c?) 7
2
w/ w/o 3
vix | vrx @l [Nsg [ &
3 () 96 |32 |128 |72
2 (mm) & (n'n®) | 21 |18 | 39 |16

total 117 |50 |[167 |88
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Slgnals for other b - sqgq modes =
| [hep-ex/0409049] I275|\/| BB Iorellmlnary

i -k Nsig =512 + 27
purity = 0.61

[hep- ex/0502017] B 232M BE

150

: NS|g 819 + 38

100

+ + T

5.25 5.26 5.27 5.28 5.29 2= s == 5.=a =T s == 5. =

m_ (GQV) M (Gew/c™)
e E ~=ool Nsig =399 + 28
% = Nsig = 452 + 28 - K'KKg =1 purity=056
227'\/' BB 5o 524 = 528 'i:.gss {Ge'vsj_s S = = 5= Msbfé(teeﬁlfgz) s == 5. .=
[hep- ex/0408062] - _ ==FNSig=251t24
S Neige0£2 0 E o e
= = } K ST S oof 1pun;ry 0. J§5 (high LHR)
£ “~Hd g i = 12t
= 4-::-;— T T s R e _-:.- _»»»_»_-T % ZZ}
pid * mmlss (nOt mES) ' oE Dlzgzh L5H§4only L
s.1 7(}{3{.3 LN =T Pot
[hep-ex/0408095] |-——————————— i— 3 mop
5% ROIMBB| A f(980)K He| Nsig=94ld 4
oo 305 E = : =
=$as ERRY S Z2F purity = 0.53
s=20- Nsig =152 + 19 3 B2OFt
E 1§1T+wwgﬂﬁ”t{—i—ﬂﬂ: .............. E - e * A * + ,
823 s5.24 525 526 527 528 5-29 = S M’if‘(‘eev,g’ y s

mes (GeV/c™)




TCPV for other b2 sqq modes F=

) preliminary
....... ) =0.73
ER— . - f%C?S [hep-ex/0409049]
£ o © “sm2(|)1”— +(3=230 +.9'14 n’KS ) ; “s|n2(|)1” = +0.65 +0.18
E o A= 02=0.10. | -0 f@ﬁ?ﬂq
Fort—T —+1 306040 °
. I @SM 1 goodtags
[hep- ex/OSOZGBlIﬂZI(I)_’”_-Fﬁ%_*"“‘@“??@ K+K-K 1 : “sin2¢,” = +0.49 + 0.25
505 7 A =-010+014 S 05%@@ 08 + 0,14
e —— 0.760.9c ° .
<;,%_0.5_ — | | @ SM ] good tags
' T — 1F
[heE-ex{04086631r 2¢0," = +O 35 18 ég _ KSTCO osp  “sin2¢,"=+0.30 + 9-59_
o A= *9;@61; T 120@().70_0_2 -—~——-A—+¢6 7020
< I ,,,,,,,, preliminary i @SM - «L __________ goodtags
3 1E
[hepriﬁ040809§|nz¢1" = +0. 95 + 0 34 = s|n2¢ "=.047 + 042
g"'ﬁf‘/’“—?\%@iﬁ&% Of7(9<8:(>))2K§ > 5: t A= 0394078
—— V109290,
preliminary L. 13 @sm i good tags
o TSRS s




“sin2¢,“ from hadronic b—s penguins

————
BRABAR 04
072240040+ 0,023

Belle 04
0726005 0023

Average (charmonium - all exps.)

sin2¢,(b—>sqq) =
0.39+0.11 (Belle)
0.42+0.10 (BABAR) |y @t

Charmaonium

e

BABAR 04
0270142008

Belle 04

World Average (WA) ey

ITHE'

f kS

Belle 04

sin2¢,(b—>sqq)=0.41 +0.07 | s
sin2¢,(b—>ccs) = 0.726 £ 0.037

—0.47 +0.41+0.08
Ehsﬁﬁum

035 _,,,t0.04
Belle 04

4]
5

T

0.06+0.33 £ 008 I .

0.30+0.59+0.11

0  Belle 04
wKs  ors +064" 0

)  BABARO4
‘ CL s 10 (386) ‘ Y sz
il
¥ Belle 04
0.49+018"

Deviation from SM expectation 1?7 |« zsmms——

Avarage (5-penguin)
| I:-d1t|1|:|'|"|

| FPCP 2004

(BaBar's new results for B® >KsKsKs are not included yet)'1'5 ! _'?]f. s,

(Updated 7Kg, ¢K, KKK are not used, while its effect is small)

1

1.5



TCPV In Radiative
b =2 s Penguins

New Physics Search



TCPV In radiative b = s penguins

TN . |
'\Bi’ _)’XS 1 15| = 2(m/m,)sin 2¢,
e g

ol N Helicity Flip ~ 3% (SM)

E fﬂ Suppressed by A ~ 0.49%

S fﬁ H‘ah o mg,r’mh

i f‘ |

l\\]i_,x': Xs YL

B® > Ksz° y Large TCPV implies
(inc. K*> Ksno) New Physics

D. Atwood, M. Gronau, A. Soni Phys. Rev. Lett. 79, 185 (1997)
D. Atwood, T. Gershon, M. Hazumi, A. Soni hep-ph/0410036



124M BB

Events /0.003 GeV/c?

metry /2 p

14F (a)
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05F | —4— —1 4
Vo1 Nsig=105 +14 _L

5.26  5.28

m, (GeV/c?)

§ 4 2 0 2 4

At (ps)
S§=+0.25+0.63 +0.14

A=+0.57 +0.32 +£0.09

— K*[Ks]y TCPV

D
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BELLE

[hep-ex/0409049]
22; Nsig=57 £ 9 ‘preliminary
el | purity 0.65
aob 1

3 sm BEisheEis so
1 ....... 5_:0
0_55__r — fit T
OF - - —— Pp— - ==
0.5f
4k | C.;OOd.tagS. |
75 5 25 0 25 5 75
At (ps)
§= -0.79 £38 +0.09

A fixed at zero



=3 TCPV in BY > Ksny (incl. K¥[Ksn¥))

hep-ph/04111056

BELLE

= | . |
3 3 NsIg=57+9 |
g = 175 purity 0.65 :
= :g 15 ;
‘% : S 125 | I
T, l% 10 ,
: 5 75 It Y ‘ :
0.6 0.8 1 1.2 1.4 01.6 1.8 : LI>J 5 ; d : ! |
M(Ksx®) (GeV) . : !
W = © ; 2.5} + + + + s |
~N~_ - 0 - — -
50 ! I 5.2 5.22 5 24 5. 26 5.28 53 |
! (GeV/c ) I
45 n || Rt
o 40" 1\ l'
= H
c%) 35 "
8 P TR 1l 0.6 < M(Ksn’) < 1.8GeV/c?
S 20 3 ol use all including K* region
.§ 15 .
£ of Nsig=10ot14
st purity = 0.50
52 6522 524 526 528 53
M, (GeV/c®)




=3 TCPV in BY > Ksny (incl. K¥[Ksn¥))

preliminary  hep-ph/0411056

BELLE

e _ +0.46
% z: TL S— —0.58 —0.38 +0.11
T wf A4=+0.03 +0.34 +0.11
5
T 10 #H{F T
| 44 Aha Y 0.5} Poor tags
oe s M};s;m )1 fGev;'s of ‘
— > :
= N "GE_.‘J'-O.5E'
w2 ik E '1 '
[ 40} }\ | 7
E 35 < :
Q30T ] + = 0.5}
S 25 Ple: o :
% 20 : 0
£ 1°F Nsig = 105+14 05
st purity = 0.50 '1?5
82 b2z 524 '5'25 528 53 o
M, . (GeV/c®)




Summary of Current Status ﬁ

sin2¢, & b—=>s TCPV

Accuracy of sin2¢, Is ~5%
> precise test of SM (sin2¢, = +0.726 £ 0.037)
TCPV in hadronic b = s penguins

»>|3.80

away from SM expectation with all results

combined (“sin2¢,” = +0.41 £ 0.07)

TCPV in radiative b = s penguins
» Reference point of SM is S~A~0

2% Improved impressive results will come as data increases (e

_o > BY = KsnY (incl. K*y) consistent with SM (~1c)

BELLE



Super-KEKB

50 Projection of KEKB Luminosity
T I T I | I T I I | I T

— | 10" BB/year !
100

X

45

Hls /| | Major upgrade of
- | | KEKB & Belle detector
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i
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o T
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e 100 e A3 104 1105
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Lt 330 fb!




Error on AS

Hadronic b—2>s TCPV

Deviation of “sin2¢,” can be tested with
5c accuracy using few years of data

-1
, ear,58D")
elle (AUY- 200 super KekB (1Y

Ns, || ¢K(input 5=+0.24)

J/y K0
/\l’ S

o
O

-}

Do,

Raw Asymmetry

.

Pengur

<
W

10 o At(ps)
Integrated luminosity (ab™ ')



ﬁ Summary of sin2¢, & b—=2s TCPVG

» Accuracy of sin2¢, Is ~5%
> precise test of SM (sin2¢, = +0.726 + 0.037)

« TCPV in hadronic b = s penguins

»|3.8c j[away from SM expectation with all results
combined (“sin2¢,” = +0.41 £ 0.07)

« TCPV In radiative b = s penguins
» Reference point of SM is S~A~0
» BY > KsnY (incl. K*y) consistent with SM (~10)

@ Future Prospects
Very impressive results will come with Super-B factory



Backup slides



Theoretical uncertainties of “sin2¢,”

[—1 Theoretical uncertainties

Charmonium | | N

G?%b+0&ﬁ I ‘Fmpmm

hK |

0.34010.2 ' |

n Kg
0.41+0.11

fK
30+0.26
0,,0

I K5+02T
0.34 -029

()K
D?5+DE34 e

K'KKS
053£017

sin2¢,(J/ PKg)-"sin2¢,(Ks, 7'Kg)”
= 0.33 +- 0.11 (w/ theor. errors)

m 3.16 (SM)

' Zoltan Ligeti(LBL) in ICHEP04

e
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Impacts for SUSY models

CP asymmetry
in B —>¢ Ks

CP asymmetry
In B — K*y

-

0.5

3
i ICCOnpUE

5 |- S(¢Ks) in different SUSY breaking scenarios

Ky, K —Kar) -13 ECirpus: 2 018 -E:u:':
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05 F 0.5
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ke

—~ SuperKEKB

N5 ab=1) (50 ab™1)
/]\ 0.079 0.031
o 0.056 0.026
= 0.049 0.024
> 0.4 0.04
O 0.10 0.03
O X X
(O ou 0.04
5% 5%

Z 0.011 5x103
O 329 10%
LL  44% 14%
X X

> b.1lo
E 8% 2.5%
3.50 9%
0.019 0.014
3.9° 1.2°

= 900 0.9°
\¢ 4° 28
O X X
X X

5.8% 4.4%

and rich t physics

SuperKEKB 5ab-1

AS(0Ks)
AS(K'K'Ks)
AS(M’Ks)
AS(KsKsKs)
AS(n'Ks)
sin2y(Bs — J/ﬂ{)(l))
S(K ™)

Br(B — Xsy)
Ap(B - Xsy)
Cy W/ A(KTT)
Cyy W A(KTT)
Br(Bs — u'W)
Br(B* —» K'w)
Br(B* - D1v)
Br(8’ - D)
sin2¢,

0,(n7 isospin)
0,(pm)

04DK")

0,(Bs — KK)
0,(Bs — DsK)

|Vub|

Physics Reach at Super-KEKB

50ab LHCb 2fb2
_ SuperKEKB at Sab” _SuperKEKB at 50 ab” __LHCb 0002ab")
o b i I ——
I ) H s) H
HH ) H 5
—_— P Hd 9
—— 5) F s) ;
b) H 0) -
—— l Hy I i
- ) HH 1) :
i V) i 1) ;
| : P —— )
: ) ) R
) —i— )
= ) & ) :
—— | i ) 5
W 0 W 01 |§|
b~ 1) I ) -
HA g 5 g
HH ) i ) ——
: ) ) =
: 0 ; 0 ——q
N - = T o N .. PR Ilb| T Tt

05 03 -01 01

0.3 0505 -03 -01 0.1

Physics at Super B Factory (hep-ex/0406071)

0.3 0505 -03 -01 0.1

1 I 1
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SVD Upgrade (Oct. 2003)

Impact parameter
Better I.P. resolutions resolution in z

Higher efficiency for Ks vertexing £... F . svos coom. 22
S - 26.3@32.9/p um
Z120 [ SVD1 Cosmic
= : 42 .2@44 .3/p um
100 :_Ei
B
80
o |4
3
40 — ‘{s‘h
oeS20e . 20 [ it
| - ~40 um @ 1GeV/c
1MRad — > 20MRad
3|ayers % 4 Iayers psefu momentum (GeWV./c)
23%<0<139° —» 17°<H6<150° 152M BB pairs with SVD1

Ry, =2c¢m — 1.5cm + 122M BB pairs with SVD2



B0 — J/yKPO : 274x10° BB Pairs

1500 ———T——T—T———

Y
]
3

Events / 0.002 GeV/c?

B®— J/yK, : Reconstructed mass [GeV/c?] BY— J/yK, : Reconstructdd Pg* [GeV/c]

— JyK (7t 7,270
JyK(2)

000 —

B e OO0

500

Events / 0.05 GeV/c

5.3 e
0.0 0.5

JI¥ K,
JW K X BG, K_detected |
J/¥ X BG, other ]

combinatorial BG

Mode CP Ngq (Ng, x pur) Purity [%]

JyKs(zt 7, 27°) -1 4150. 96.2
JIwK, +1 2722. 63.1
Total 6872.

6872 signal events are used in the CP asymmetry fit.




D

Va4 sin2¢, result : 274x10° BB Pairs

BELLE

8

J/wyKPonly  preliminary

g 8

sin2¢, = 0.666 + 0.046
A =0.023+0.031

1/N-dN/d(At)
5

Before upgrade (152x10° BB)

sin2¢, = 0.696 + 0.061
A =0.011+0.043

—_|_ Good flavor tag After upgrade (122x10° Bg)

M sin2¢, = 0.629 + 0.069

-05

e
o

o

Raw asymmetry

A =0.035+0.044

L




ole*e™ — hadrons] {nh)

Contmuum Background Suppression

25

20—

15

10 —

(1 S)

AR

[ Jl

Contmuum Bkg
(~3 ><‘BB)

Br(b—->s) = 10> ~10°

for each modes

B meson

[ =<l =]
e e

9.44 9547 10.00 10.03 10.33 10.37 10.53

e e »Y (45— BB
(Spherical)

Event Shape

e e —>qq
(Jet-like)

cos 0 g
candidate BY

_&pz
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Vertex reconstruction w/ K¢ trajectory

T
Ks trajec% Ks

B vertex_..-”

B vertex ..~ <o
<= %»P profile | K+

Y | K-
: b y
R truct B > K X(Y)vertex usipg K, - —> )
tr;cg%g’tlsr)r/u;nd boost trgj_e\é_zrixotrjﬁrofile \H DO T
cu 05
(" Validated with 98 Ks; wl K VS AR TSR
jt% 0.55 % < w/o J/SU VIX - +065 |+0.68
0% W BELE
Ow +0.05| +0.10
-0.5F
al Good tags A |10-01 |+0.02
\ 75 -5 25At?ps)25 5 75 +004! +004 /




Tagging and At resolution parameters

perfect
tagging & time resolution

typical
mistagging & finite time resolution

— B’ tag
II — B’ tag

|
-10 7.5 -5 -2.5 0 25 5 75

Decay Time Difference (reco-tag) (ps)

_e_At/TB

47,

f (At)=

| |
10 -10 75 5 25 0 25

LT (1-2w)s,_sin(AmAY)f

|
5 75 10

Decay Time Difference (reco-tag) (ps)

®R

R and w are determined from data with the flavor eigenstates
B > D-

nt, p*, a;" and J/YK™ ...




CP asymmetry parameter extraction

[Multi-dimensional e mesdm et fit}
Minimize —2)_.InL,

Likelihood for the i-th event

L= (1= )| foq - Pag ®Ryg +(1-

sig

)' Pio ® Rug ] +fo P,

sig

e_‘At‘/TBO

P, (At;S, A q,w, Aw) = Z [1— q-Aw+q(1-2w) sin (AmAt) + Acos(AmAt)}]
T o

| o

Free parameters

Raw asymmetry plot is just a projection onto At axis.
Fitting is not in 1-dimension (At)




W= SVD1/2 Data Checks

— combined fit
_ SVD2 only
1 = - .
> | ~ [ |
E 0.5} g 0.5k
& : —t \ |
> 0p =‘+= > 0 |
2 : _+_ 2 : _+_
S -05F = -0.5F
T | ‘ g
A Good tags U Good tags
7.5...15....215...6....2j5....é....7'5 75 5 25 O 25 5 75
At (ps) At (ps)
SVD1: 4.5% SVD2:
$=-0.68+0.46 A S=+0.78 £ 0.45
A=-0.02+0.28 A=+0.17+£0.33 | many systematic
checks, all ok




OKs/K, Results

OK only

§=0.00 + 0.33
4=0.06+0.22

§=0.29 +0.31
4=0.07 +0.27

oK, only

-§=23+20
A4=06+1.2

-$=1.05+0.51
A4=-0.31+0.49



D

el BC > 6K : Validations

Control sample

Lifetime fit w/ B — ¢K* /K Asymmetry fit w/ gK*
205 2ol
200 2075 F
175 c 05 ]
150 >025 | .
125 < 0 — :-HL
100 %-0.25
75 o -05
50 0.75
25 1L RTRIN
0 20 2 4 6 8
At (ps)

S(#K*) = -0.03 10.20
A(PKE) = +0.22 +0.15




CP component in B-K*K"K® decay

A-even fraction in |K0R0> can be Using isospin symmetry,

determined by |K{K> system B(BT = KTKOK®) = B(B® » KOK+K—)XTB;+

_ TRO
KR} = = (KsKs) + [KLKL) + BIKSK) i
CP=+1 A =even

2 _ QB(B_I_—)K_I_KSKs) y TRO
B(BO—-KOKTK~) 714
. B(B_I_—)K_I_KsKs) < TR0
KYEOR®) = (KT KsKs) + KT K Kp)) B(BO—KgKTK™) 7y

V2 n = 1.03 + 0.15(stat) 4+ 0.05(syst)
+ BIKTKgK)




Available decay modes (P° = Q° only)

PO
XY 7’ n n fo ag K3 Ky Dcp
7l oalr? nmm n'n'7Y fofor® agaom’ KSKgm® K{K? " DepDeopn?
] 707 nm n'n'n foJon aoaon K3Kgn Ky K?n DcpDepn
7' w7 i’ n'n'n foforf aoaqn’ KgKgn K}K{n'  De¢pDeprf
Jo w7 fo mJfo ' fo JofoJo agao fo K3K3 fo KYK? fo DcpDcp fo
ag 7T07TOCE0 nnao ?},?2,0,0 f(]f()&() agaoaqg ngngCE() KgKga(] DCPDCP&O
K2 mOr0KY mK?2 n'n K fofoK2 agag K3 K)KYKY K)K)K? DcpDepK2
K? 'K mK? nn K) fofoK? agagK? KYK2K? KYKYK? DecpDopKY
Dep | #°n°Dep mmDep  o'0'Dep fofoDep  avaoDep KSKiDep KYK3PDcep
ne | w7 mmme  w'n'me fofome  aoaon.  K3K3n. — KYK9n
Xeo | ™7%0  mmxeo WM'Xeo  fofoxeo  aogoxeo  KgKixw  K}KD X

Table 1: Possible BY — PP X0 final states. Underlined modes are discussed

in detail in the text. The doubly underlined mode B® — K2 K2 K% has already
been observed.




D

¥s=) Systematic errorson S

— Ksno |K*y oKs |n'Ks [f,Ks |¢KO K+*K-Ks

VTX 0.02 001 |00l |002 |0o01 |o0.01

flavor tag 0.01 0.02 0.04 0.01 0.01 0.01 <0.01

resolution |0.05 |0.05 (0.07) (0.03) [(0.03) |0.04 (0.03)

fit bias 003 |003 |+001 |001 |003 [o0o01 [o0.01
0.1

signal 002 [010 [002 |005 [40.08\ |0.02

fraction —0.06

physics  |002 |001 |0.01 |<0.01 |001 |<001 |<0.01

paramEterS

backgroun |0.04 0.03 0.02 <0.01 0.04 0.01 <0.01

d At shape

tagside |<0.01 |<0.01 |0.01 [<0.01 [<0.01 [<0.01 [<0.01

Interferenc

e

TOTAL  |0.11 |0.10 [+0.13 |0.04 [008 [0.09 [0.04
_0.16

KKKS: effective sin2¢, - 0.17 for CP-even fraction




B°—>KsKsKs peaking background
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BY - KsKsKs vertex

reconstruction
vertex eff. |vertex eff.
(SVD1) (SVD2)
3(n+n-) [3 tight] | 77% 86%
3(m+m—) 83% 87%
[2 tight,1 loose]
2(m+m—) 1(n0n0) |62% 714%




BY - KsKsKs proper time

At lar kA A

——TbEu
ﬂwsgnm

T qq

— Total
%asgnm

-




BY - KsKsKs systematic error

S A
Signal fraction 0.103 | 0.033
Possible fit bias 0.030 | 0.018
Vertexing 0.021 | 0.047
Background At shape 0.078 0.011
At resolution function 0.119 | 0.041
Tag-side interference 0.019 0017
Flavor tagging 0.040 | 0.008
Physics parameters 0.006 | 0.005
Total 0.18 0.08




f,(980)Ks - Mass didtribution

Events / (40 MeV / ¢)
b
-]

Non-f, components ) _ a0
are determined from f(loKs) 9_”)

- o f(nrrKg) = 2.3%
the M(n*r) D HK) = 4.8%
distribution s) = 4.

o f(f,Kg) = 1.6%
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