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Outline

e CP asymmetries in B® — w*n~ decay
— CP violating parameters : Sttt and Ann(= — Crn)

Belle BaBar
* Belle : hep-ex/0301032 ( to be appeared in PRD )

e BaBar . Phys. Rev. Lett. 281802
— Bound on Penguin Pollution from isospin
relation ( B—ntn, 7 n’, and 7 decays )

« CP asymmetries in B — pr decay (wtnn")

— Quasi-two-body analysis
e BaBar : update at Recontres de Moriond 2003
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Introduction
Quark mixing 1s described by the 3x3 Cabibbo-Kobayashi-Maskawa

(CKM) matrix. (Wolfenstein parametrization)
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One irreducible complex
derives CP violation .
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CP violation in mixing and decay
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CP violation in neutral B meson results from
the interference between decays with and without mixing.



Time evolution in B’ > w71~
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CP violationin BY > xwtx-
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A__ ocsin(o) — direct CP violation, (A =-C )

S _=41-C sin(2¢,,. ) — related to ¢, thru. isospin analysis




Analysis Procedure
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Data sample

Event

. ( ) : charmless B decays
Selection

BR ~ 10--10 : rare decays
world average BR( )=4.8+0.5

Flavor (10 BR(p' 7 )=25.4+42
tagging
!V BR( )<5.3
. (HFAG table)
Continuum > Need a lot of data
suppression
H B Data sample
Vertex _
and At Belle 85 million BB pairs

BaBar 88 million BB pairs

BaBar 89 million BB pairs 9




Kinematics: Reconstruction of CP side

Event
| Selection

Beam — constrained mass

M, =Ez, —p;

Flavpr En ergy differen ce E,, .. :cms beam energy
taggmg :cms energy of B candidate
!V AE = B E beam pB :cms momentum of B candidate
Continuum 03[ . 0.225 F
suppression | o Signal M o Signal MC
!V 02 \ 0.15 K+7Z'_ 7Z'+7Z'_
Vertex 0.15 0-1;: ; 1
and At 0.1 o f S i 0.075 E
- 0.05 kY “i::"-ii.-i.':"';"':__ P
0os \gq background soss R e,
: I qq background
05.2 5.22 5.24 5.26 5.28 5.3 003 -0.2 401 0 01 02 03 04 05

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



Event
electln

————

Flavor

tagging

5§

Continuum
suppression

5§

Vertex
and At

Good K/t separation

Belle
ACC(Aerogel Cherenkov Counter) Threshold type

+ CDC dE/dx \ [
o

For the tracks in the momentum
range that covers [ ] Corcntontignn
the B — w*n~ signal, Sclematic view o the ACC.
©t effciency = 91%
10.3% of kaons are misidentified as pions.
10.0 £0.2% from K~
10.6 £0.2% from K*
The effect of asymmetry of this misidentification
1s negligible for the measurement of Anm and Swf.




Flavor

tagging

5§

Continuum
suppression

5§

Vertex
and At

Good K/t separation

BaBar
DIRC

(Detector of Internally Reflected Cherenkov light)

n/K separation
8o, at 2GeV /c

250, at4GeV/c ¢

Cherenkov angle (8.

TR PMT + Base
11,000
PMT's

L f—a80m )

Cherenkov
photons Purified Water \ ® Photons are
- -
\ created AND guided
17.25 mm Thickness Light  ~
(35,00 mm Width) Catoher \‘ in quartz bars
Ba Box N
Track
Tty Wedqe l \Detection OUTSIDE
v / 3 BT ST ] acceptance
ior L5 .)" - =i ,"
F e e < N volume
Bar 3 7& h‘-
p >3

&l \ Window /— Standoff Box

c»00):

91 mm— ~10mm
- 117 m

is used separately as PDF for maximum likelihood fit.

{ ¢ 0c

Cherenkov angle for positively J
and negatively charged tracks
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Flavor tagging

Event
Selection

Use flavor specific

properties and correlations

: Identify BY% BP by the charges of the inclusive decay products.
Continuum .
suppression » Inclusive leptons:

; " highp!-

" intermed. p/*
Vertex

and At » Inclusive hadrons:
= high p BY - D()-ial D()-p*, etc.
= intermed. p K* X 7l
" low p 7T - DOp




Event
Selection

1

5§

Flavor

tagging

|

Continuum
suppression

Vertex
and At

)

Continuum background

use kinematics and topology to separate
spherical B decays trom jetty qq events

N

Q"I'

T

g /3—% .
%/
spherical

jet - like

14



Continuum suppression

BY — 7r* 77 for the case of Belle

Cut on a likelihood ratio (LR) that combines
an event topology variable (SFW) and
B flight direction (cos &)

SFW: Super Fox Wolfram
Fisher discriminant using modified Fox-Wolfram moments
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Vertex reconstruction
Event B | _
Selection xample vertices

J L  The same algorithm as
Flavor that used for sin2¢,
tagging meas.

H B * Resolution mostly g
Continuum determined by the tag-
suppression side vtx.

B lifetime of
control sample
1.551+0.018(stat) ps

(PDG02: 1.542+0.016 ps)

Time resolution (rms)
1.43ps




CP asymmetries in B’ — /7

& )
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Events / 2.5 MeV/c”

Event reconstruction (Belle) 5

BELLE
Beam-constrained mass (M, ) energy difference (AE)
(in AE signal region) (in M, signal region)
100 ———— ‘ — B-candidate energy — beam energy
(CMS) :
- _ 1100
: T H 1
751 R i
i K >
i )
% 5
50 + + - o=
L ’ \\ 72
B + ",: \\ i @
% + o 15
25t + o -9
I l «"‘ \\ :LIJ
0 i L L L//// \ oo olee

| | | ‘ | | | |
5.20 5.225 5 5.27/5 5.50
m, . (GeVic?)




Events/(1.25ps)

Large CP Violation is seen !

Events/(1.25ps)

Asymmetry

5 0 3

A_=+0.77+0.27(stat) = 0.08(syst) =—-C__
S =-1.23+0.41(stat)’) 05 (syst)

LR>0.825

hep-ex/0301032
accepted for
Phys. Rev. D
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Confidence Regions (Belle)

Feldman-Cousins frequentist approach

L — CL for CP conservation 340

| 1) Evidence for CP violation
|IInBY > nmtx-

oL=0-

) ,L at (-sin20,,0)=0.981
.5 -

2) “Indication” of direct CP Violation (A __>0)
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D

Constraints on the CKM angle ¢,(0) | 5=

S__|=[sin2¢, +2 sin(@, —¢@,)coso— *sin2¢ ]/ R

V7.4

A4_|=-]2 sin(@, + ¢,)sino]/ R__,

V/7/4

R_=1-2 cos(@, +@,)coso+ ’

0.15-0.45 (representative) ¢2Kl it =

140

& 23.5deg (=)) ..
(Belle & BaBar combined) AN

) (=)

o) strong phase difference

(.45

780<¢2<1520 402_ ...... — ____________________ ____________________ ____________________ ____________________ _______________________________

(95.5%C.L.) | 20 5ssios s 551w 1%
Ty =64

21

0<0 favored




Constraint on p-n

PDG2002 + (Belle ¢; & ¢,)

Be\"é\“—h’lg\ W[ P ¢2=78°
s
&k 2 VV(
; ( | 3— . — 0
o6 (041 o2 \ 0.2 ; jz 152
b Belle’s results
|Vub| B Of ¢1 and ¢2
0.4 \ are consistent
y { AMp_ with other
AMe, e AMg_ measurements.
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mgq and AE (BaBar)

N

2)

. Phys Rev Lett 89, 281802 (2
> ® ]

> | nr-enhanced events
20

8 qq + K background

oL—— vt sl O\\
52 522 524 526 5.28 5.; -0.1

0 0.1
mES GeV/c AE GCV
EISO | Km-enhanced events
0
(@] L ]
Ewo 'l o qq AT background
50 2_9_‘ ]
T | EE—

0 L L L L L L L L .
52 522 524 526 528 5.3

23
GeV/c’
Meq



CP asymmetry result (BaBar)

Phys Rev Lett 89, 281802 (2002)
Projection in signal nr-enhanced events

20
- i
E- i
S
2 |

N(B® )= N(Bu)
—0
N(Btag) + N(Btag)
=S8, sin(Am, A1) C  cos(Am,Ar) |
0 0 ==
(Cﬂ'ﬂ' = _Arm) g 05+ (©)
Sx

tag

Asym(At) =

Everliden
S

-05 ¢} |
S =0.02+£0.34+£0.05 £ S
C _=-030£0.25+£0.04 Atps)
(A, =+0.30) 2




ATIZTI:

1.5

Fit results (Belle&BaBar)

o Belle 78fb” = Babar 88M BB

—Belle1c - Babar 1o |
— Belle 26 - Babar 2 |
************** Belle 3o\ Babar3c :

I _Be"e46 Babar46 I

Feldman & Cousins confidence interval

The difference 1s at
2.20 level.

It’s early to say
conclusively for
the difference.
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Comparison with predictions

| Bell: A—0.77+028, S=-123 * 042
BaBar: A=030% 025, S= 0.027+0.M

I R lines =0.18( pink),

0.23( purple),
0.30(blue),

26

P Purple regions : PQCD favored
o R o Region for each ¢, (60°, 100°,
[| -4 <d <3 1500)
Anmn | Belle BaBar |PQCD QCDF
hep-ex/0301032 | PRL,281802 | PRD67,054009 | NPB606,245
(2002) (2003) (2001)
(%) | 77£27+8 30+25+4 16 ~ 30 —6+12




A bound on =)
with an upper limit on 77"

BRs: zn'zn ,n'z°, 7’7" (limit)
CP asymmetries: A__,S_ (= \/ 1—A2_sin2(g, +0))
(¢2 = - A — _Cﬂ'ﬂ')

N ¥/

can constrain on ¢, using isospin relation.

Amplitude for

AY(A7) | B'(B)—->n'n’(x ")

i 26, U 27
4" =e* 4



A bound on =|@, 0|

* Gronau/London/Sinha/Sinha bound (PL B514, 315 (2001))

c:os26?2(2

lB+— +B+0 _BOO

)2 _B+—B+0

B+—B+Om

B =<3.6x107°,
A_=0.48%0.19.

Average branching ratios
forn'n  xn’, n’n’
B =(4.840.5)x10°,
B” =(5.6+£0.9)x10°°,

HFAYV table

Adeg)

90
80
70
60

=
= )

— N
e o <O

B (limit) =3.6x10°°

10 |< 48° @90%C,L:
g_l 11 | 11 1 | 11 1 | 11 1 | 11 1 | ]
O 02 04 06 0.8 1

BOO /B+— -8



CP asymmetries in B’ — pr

& )
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CP-Violating Asymmetries in
B® — p*n7, p*K-

» Principle: measure o directly, even with penguins using
full Dalitz-plot analysis
— difficulty

« Combinatorics and lower efficiency in three-body topology with m°

* Large backgrounds from misreconstructed signal events and other B
decays

e Need large statistics to extract a cleanly
* “quasi-two-body” analysis:

— Select the p-dominated region of the ntn—n’ /K n~nY Dalitz
plane (Rejected when 0.4 <m(z 7°),m(x n")<1.3GeV /c* )

— Suppression of qq backgrounds
— Simultaneous fit for p*n~ and p*K~

30



CP Violation Study in B —p =

Fﬂﬂ('s&ye nrrn: not a CP eigenstate

Basically there are four tree amplitudes:
B > p'7 +B > prand B> pn*+B — p'n

B >pn “ aB =o' vt
TE ¢« | e d
b ' b i

: i}
S, 4 PP g g 7"

31



B! —p = Time-dependence

Decay rate distribution

A,
]. T (l:_'S}Jllt I

| ({.S}m - AS,») sin{AmgAt) — (Coa 4 ar:*ﬂ,.;.m.:{mudm}]

+hF .
e B8)=(1

TrLF ,
"Iﬁiﬂi}:“ :

oty E
I A{' lIr]'

Fit parameters

A

II'.I"‘"F”

-+
AII-'J_JT+

"

Acp

}'tﬂg

(% for p charge )

ASgn) sinf AmgAt) — (Cop < ﬂcp.u}fﬂﬂi:ﬂﬁldﬂ?‘]')

A,
Cpr
S,
AS,.
AC,,

|

Global charge asymmetry

Direct CP-violating

Mixing/decay interference CP-violating
Dilution parameter

Linkedto B — pat vs B'—p

32
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Time-integrated asymmetry:
o _ N )=N(p h)
" N(pTh)+N(pTh")

Time evolution includes:
(S, +OAS ,)sin(Am,At)

(C,, +OAC ) cos(Am,At)

Q is the p charge AC and AS are insensitive to CP violation

direct CP violation — A, and C £ 0
indirect CP violation > SE0

pK is self-
taggillg)’ AC,OK — _19 SpK — O, ASpK =0

Fit for:

AZE AL, C L AC, S, JAS

pﬂ'? p;[? pﬂ'?
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B —p 7 /pK (BaBar)

Yields and Charge Asymmetries

The results with 89 million BB
pairs @2003 Moriond EW

BR of pmt and pK

Preliminary

B(B— p7")=(22.6+1.8%£2.2)x10°
B(B— p"K")=(73

Ho+1.3)x107°

Charge asymmetry of pmt and pK

A =+0.28£0.17£0.08
A, =-0.18+0.08+0.03

ol s

Nx =428 + 34 + 25

I B'—px Lf\

&H

{ GV .:I-. )

Y

1]
iz

qq + B

—related

1 £
g — T

Mmass
Spectrum

.11: |

-
- r".‘—|

— = i
T =T A
Lot
 ETETE T T

N h—l’EJ:I:.:!I:I:JH

1% 4%
h4-|-|--:l:l-|'«*=:-~=||

AR (el

34



N

N
(=
T

J—

Events / 1ps

p—
(=4
T

N

Events / 1ps
o 8

1

—0
- BB

A

1
o
(9]

! |

1
f—

9
T

W
T

0 O W
— T T 1

0_

—_O W
T T 1 7

(=)

B-+continuum

7 background
f7 B-related background

-10

8 6 4 2 0 2 4 6 8 10 ﬂ(—-Tn. — -l_ﬂg‘q T []I{]

Ar = —0.18 + 0.08 + 0.03
Qo = +0.36 + 0.18 + 0.04
S,y = +019 F 0.24 + 0.03

o + 0.04
AS,. = +0.15 + 025 + 0.03
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Direct CP violation in B’ — pm

 NBu—p'a)-NB, >pr’) Af-C,-A45 AC,
- N(E(}m —> p )+ N(B/(;ﬂ —>p ) . AC Atp .
 N@Bu o pn)-NB, > p'n) AZ+C, +45 AC,
. N(E(;ﬂ' — ,0_7[ )‘|‘ N(B,g” - IO+7Z'_) L ACprr W Aglf’[ . Cpﬂ
:"‘ N ?1i:'.‘|t r;;r I.:ilirﬂ.tt. C:-".v'; — rv‘&L
_ y,
A_=-0.6272+0.06 | |
5 ~(0,0)
A, =-01175%0.04

-1 06 e U4 02 U & U4 e ud 1

_|__
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Comparison with predictions

BaBar: QCDEF: w/ Charming
Penguin(CP):

0.18+ 0.08+0.03 |A = -0.015|S = -0.015
+0.36 + 0.15+0.04 [C = 0019 |C = 0.092

AC =+0.28+ 0.19+0.04 | AC__=0.250 =0.228

A,
C

Phys. Rev. D67,094019,
2003
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Prospect (B —n" )

A__ =+0.77+0.28 (Belle) S, =—1.231£0.42 (Belle)
A_ =+0.30%0.25 (BaBar) S,. =+0.0210.34 (BaBar)
0.5 / 0.5
0.45 0.45
0.4 0.4
0.35F 0.35 |
E 0.3} E 0.3
0.25 | o 025
“© 02 : O 0.2
0.15 0.15
0.1F 0.1F
0.05 & 0.05 &
E | L E | ! ! Lo
"o 10° TS 10°

L= L)
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Prospect (B’ —p )

ol 4

Qc
[SY
ch—t
- N N
\

A _=-0.18+0.08

|~

)
[§

c .c [ ]
S
R = 3 §
N O
/ TTTTITTTTIT T T T T I T T I T I ITTT

[y
(—)

L(fb™)
S, =+0.19£0.24

0.25 ¢

0.225
0.2
0.175
0.15

Q40.125

Qo

0.1
0.075
0.05
0.025

[y
(—)

0.25 ¢
0.225
0.2 F

e 0.175F
UO- 0.15
0.125
= 0.1F
0.075 £
0.05
0.025 -
0 E 1

0=

L(fv)

10
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Summary
* Measurement of CP asymmetries in B — n*n-

—giég ZGz)lilleS
C — _A S — Ie4f ....Bai;
Belle —0.77£0.27+0.08 —1.23+£0.4170% NS )
' Nl )
BaBar —0.30£0.25+0.04 +0.02+£0.34+0.05 ~ N -/

« Still early to say conclusively for the difference.

« Measurement of CP asymmetries in B’ — p~x
— Quasi-two-body analysis was performed by BaBar.

— Hint of Direct CPV ? Hint of Direct CPV? =
A, =-0.6275+0.06

A_=-0.11715+0.04

+




end
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