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Time-Dependent CP-Violation
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Measuring sin2[3 with charmless

B-decays
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Sources of Standard Model

pollution

There are many modes that dominantly decay
via b—s(qgq)...but not all modes were created equal

— b — Gty o This.is ok.; still gives
BO 5 KO sin2B in SM.
d 9 ,
\ a (D,TCO,pO,n (?),fo(?)
b . i ¥
BO ““*Ku 0,1,0°1°(2),f5(?)...
S Ko  CKM and color suppressed..

d - d but will lead to slight deviation.



Expected deviations from sin2f3

oK - QCDFA , _
e - There are various estimates for
ok, | the deviation from sin2f3 due to

I
Ko ————— SM pollution...most of them
]

KKK expect a larger value!
3Ks | e
S-sin2p
o1 o o1 o2 Measuring the rates of related
2-body: [Beneke; PL B620, 143 (2005)] mOdeS help to pln down the

3-body: [Cheng,Chua,Soni; PRD72, 094003 (2005)] magnltude Of these deV|at|OnS



Status of the B-Factories

Belle : 500 fo-'; current results based on 357 fb-"
(almost) all results from hep-ex/0507037 and are preliminary

BaBar: 330 fb~1: current results based on 210 fb1
results come from variety of publications
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Detecting a signal...in general

largest source of background comes from qq interactions
*use AE, mgg, and event shape to discriminate signal from
background
*in case of quasi-2 body modes (¢K, n’KP?, etc) can also use
invariant mass and helicity information
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Tagging the B and measuring At

! - B-Flavour tagging

coherent BB B tiag
production rag
7(45) |
b 4—c" |
B | m EXxclusive
rec B meson
| reconstruction
|

The At resolution function obtained from high stat. B—DX
Events tagged using the charge of the leptons, kaons, pions
Effective tagging efficiency (including mistag-rate) ~30%
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The “golden” mode: (K°

100
90F

*Considered the “golden §Z§:
mode” because it's =y |
almost pure b—sss AU —
-Use both 6K and oK, R 0 OO A
BaBar: NS HBABAR R oK _-_
N(OK )=114 + 12 el F s A
N(0K, =98 + 18 e } A
Belle: 022 524 526 523

N(0K,)=180 + 16

N(9K,)=78 % 13 s b WA | 1®)-
HERE! il LAt
2@ [hegr AR T T4

*No energy measurement for 0— TR YRRy

the K, ...constrain mgg to mg | AE (GeV)
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The “golden” mode: (0K©°

Raw Asymmetry

oo OKs 7" oK, aBar
I S R S s S s .
o __ sin2p=0.50+0.25+0.06
A L ooarsos C=0.00+0.23+0.05
! _ Belle:
05
0

e %4;% sin2B=0.44+0.27+0.05
~F C=-0.14+0.17+0.07
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At(ps)

— 0K «fit both the Ks and KL

= samples to a common S/C

- K,  *9ood agreement between

experiments!
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NEW for ‘06 % [T\
SM pollution to 0K?% o¢n
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E— NEW for ‘06 % [T
SM pollution to 0K°% K*°K,
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_ BR(K*K%+C.C.)<1.9x10°
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KKK
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*The K, fly...utilize the
AE (GeV) beam spot constraint
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In order to determine

80 f DB

% 70t E the vertex...
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KKK, tlme-dependent results
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BaBar:

sin23=0.63%0.30+0.04
C=-0.10+0.25%0.05

Belle:

C=-0.50+0.23%0.06 14
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Events /( 0.006 GeV )

NEW for 06 & [TV

e Preliminary
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1o Like KsKsKs, this is a very clean
80 mode w/r to SM pollution...the

K_ makes it more difficult
experimentally
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A E (GeV)
BaBar:
N(KKK)=23.0+23£6 The prediction** for
——zsUning piEse spacs this mode is BR~6x10
BR(K K K, )<6.4x10

--No Assumptions **Cheng,Chua,Soni; PRD72, 094003 (2005)

BR(K.K K, )<14x10 15



K'K-K° CP conten Excluding ¢K,
o, 200F - - ' — =
wf TR ———>  £2 :
o 200 < MMy P R . . S A
< oo S ""522 524 526 528

[Gevic) |
"’“ m. (GeV/c?)

114 KKK compliments oK nicely with
_,ﬂw— higher statistics...two problems

e *not in a definite CP eigenstate

tree contribution to NR component

HE 3 <Fortunately, this decay is almost entirely
g.§;+++ +++ CP-even (for K.-mode)
. gf} : BaBar:
oy 5 : : E N(K*KK,)=452 + 28
My (GeV/e’) f..,=0.89 £ 0.08 + 0.06 (moments)
Belle:

N(K*K-K,)=536 + 29
f..=0.93+0.09+0.05 (SU2) 16



Excluding ¢K,
KK K° time-dependent results
= KKK
S = s ——o R
KKK 2051 D
1 s e :
05 305 —— I
0 R I A
-05 %0.5 =1 1 K+K-KL J—
19 ‘Eo ‘ +TI-§_§=;HHH
75 5 25 0 25 5 75 & | E
At(ps) o ) ? " i ' At (ps)6
BaBar: _
sin2f=0.41+0.18+0.07£0.11(CP)  The BaBar result includes
C=0.23£0.13 777 + 80 K*K'K,
Belle: events(preliminary)

sin23=0.60£0.18+0.04£0.16(CP)
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n’K% the

second ‘“golden” mode?
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N’K° time-dependent results
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BaBar:
sin23=0.36+£0.13+£0.03
C=-0.16+£0.09+0.02
Belle:
sin23=0.62+0.12+0.04
C=-0.04+0.08+0.06
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NEW for ‘06 &[TV

n’K° SM pollution: n’n%,nn%,nn

form’n?

{llr ||||.;'|11||]||||
030201 0 01 02 03
AE [GeV]

T AU ETE RTRTE

1

0.96 098
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ﬂ.l...l-.
0.92 0.94

BaBar result
See talk

All plots

*These 3 modes help
constrain the tree and color-
singlet penguin
contributions to n’K°
*Expectations for the BRs
are ~0.2-2 x 10

Events. _ ..._

I S P N Ol | |..| bl
5.2 526 527 528 529
m,. [GeV]

BaBar:
BR(n'w%)<2.1x10°
BR(Nm%)<1.3x10°
BR(M'M)<1.7x10°

Belle:
new! BR(N'n?)=(2.8+£1.0£0.3)x10-®
BR(Mn=®?)<2.3x10°

accepted by PRD-RC; hep-ex/0603013
by J. Smith for more details on n’'n°

Events / bin

4

-2
Fisher discriminant

-1 0 1 2 3
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B
sin2f3_ from B%°—n'n K, final states

*quite a few CP events in
this decay including p°K,
and f,K,
«also a higher (f?)
resonance ~1500 MeV
there is a possible tree
diagram which
contaminates the sin2f3
measurement
«time-dep CP has been
il measured for f,K, and (now)
5 pK

Events/(0.05 GeV/c’)

M(T'T") (Gev/c?)

Last summer, Belle presented a (time and tag independent) DP
analysis of this mode...this approach will be important in the future! ,,



pKs: a new mode
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NEW for 06 & [TV

BaABAR

praliminary

BaBar:
N(pK )= 111 £ 19

Complications
*high bkg
* p is broad
*CP-even “under’
the p?

|
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NEW for 06 & [TV

pKs results _

ﬁ m: BaBar:
: sin23=0.17+£0.52+0.26
= = C=0.6410.41+0.25

*A large source of error
comes from the possible
CP-even under the rho
(including interference

: ______ effects)

| Asymmetry b = still statistically limited
BT S B e _]—
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“other” modes...

....which | don’t have time to go into detail about.

Mode <sin2B.+> Comments

0 0 Novel vertexing technique...SM pollution
B—mn Ks 0.31+0.26 well understood?
BO%fOKS 0.75+0.24 possible tree contribution; what’s an “f,"?

0 tree contribution gives possibly large SM
B> K, 0.63+0.30 e

BO—nOn'K, -0.84+0.72 Low stat...BaBar only




Current status

sm(zﬁ‘*ff)/sm(?q» JWLEAS,

PRELIMINARY

b—ccs World Averdge i i 0.69 £0.03
T BaBar T T e 0504025 100
¥ Belle e | 0.44+0.27+0.05
< Average L et 0.47 £0.19
- BaBar el T 0.36+0.13£0.03°
< Belle P Tl ¢ 0.62+0.12+0.04
=  Average | 0.50 + 0.09
T BaBar T T T T T e 0.95 7055 +0.10"
¥ Belle ; o 0.47 + 0.36 + 0.08
~ Average : 0.75 + 0.24
B = 4 g s Ry g
X< Belle - k—  0.22+0.47 £0.08
e oo Average el ¢ 0.31+0.26_
X" 'BaBar 5 [T 084071008
B Averag : o -0.84 +0.71
""" » B BaBar T T TTT0.50° 3§4+002"
X Belle 0.95+0.53 "7
S Average i 0.63+0.30
T BaBar T rT — J T 017+052+0.26°
o.% Average : g i 017058
%4 BaBar :’ *;.41+O18+00?+011
v Eelle i w3k 0:60£0.18 £0.04 7
1 verage R | 0.51+0.14 5 e
X XwBaBarg ST - 683 433 +OO4“
" Belle ; g 0.58 £ 0.36 +0.08
. _» Average ; 0.61+0.23
——
-3 -2 -1 0 1 2 3

*Taken on averge, there
decent agreement with the
SM expectation...
*However, (almost) all
measurements are lower
than sin2f3 from J/yK?

*most models predict SM

pollution to increase

SIN2Pt
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The future of sin23_,

0.4 3
n K
. K*K" K° looks gqood!
summer ‘067! oK good:
0.3 e KKK, *The error on n'Ks
5 alone should get down
L -
= s : to <5%!
9 o2 ) : . .
5] *will remain statistics
. : limited for foreseeable
0.1l " . future
: °
. -
. .
0 | | | 1
0 1 2 3 4

Luminositv (ab)
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