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Outline

= |ntroduction

= KEKB/Belle performance
= Measurement of SIn2¢,

= Results & conclusions
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CPV ala K obayashi-M askawa

CPV due to complex phases in the
Quark generation mixing matrix:

ok _Vuqu Td
B [F VgV S
' @v v
< Usually putin thc‘and‘cor@
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DD

¥y sin2¢, from B ~f., + B » B - f, interf.
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DD
S ‘ Mixing-induced CPV asymmetry

4
SUE (B2 for) =11 for) _ -@sin by sin Amt

" I(Bi = for) +T(B} = fer)
_ T 1 PDG notation/}
AE U
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What do we measur e?

Flavor-tag decay
(BO or BY ?)

= (1-2w)sin2g_>
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Previousresult (using 10.5 fb)

1032 +0.09
Sin2@, = 0.58 034 -0.10

ﬁ;-l !
3 o i Today:
= n_{— |
£ * | Resultsfrom
I i
s J L 29.1 bt
global fit
sin2¢,=0.58 4X mor e events
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s What' s needed?

BELLE

 Lotsof Bmesons (5r (B- 1) ~ 1079)
—very high Luminosity 0 KEKB
 Find CP egenstate decays
— high quality ~4mtdetector [ Belle
e Tagother B’sflavor
— good particleid
 Measure decay-time difference
— Asymmetric energies
— good vertexing (@KEKDB: y@c:TzZOOum)
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I

RF

| WIGGLER

RF

July 23-28, 2001

ITSUKUBA AreaI(BeIIe)

Interaction Region

KEKB asymmetric e'e collider

D>

/.
BELLE R
R % Q.

H

WIGGLER |

*TWO separate rings
e" (LER) : 3.5 GeV
e (HER): 8.0 GeV
*E\ : 10.58 GeV at Y (4S)
e uminosity
otarget: 1034 cm—2s?
eachieved: 4x10°3cm-2s1
*+11 mrad crossing angle
*Small beam sizes:
o, =3 um; o, =100 pm

LPO1, Rome
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KEKB performance

Offline+Online Luminosity (pb™) (/day) 200107717 07.29
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k=] Averageluminosity duringrun

L. Y R |
Average Luminosity (107 cm™ sec™) (frun) 2001107105 07.24

@ on reseRance, O off resonance, energy scan
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All-time Lpeak = 4.5x10%/cm?s
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W=y KEKB’sSpecial Features

BELLE

e Small beam sizes 0 low beam currents
— 4.5x10%3 with lessthan 1 Amp in each ring

« + 11 mrad beam crossing angle

22mrad

e+
.
— No bending magnets near the IR
— Fewer spent particlesinto Belle

— Synchrotron X-rays easily expelled

|
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W= Detector Performance

BELLE

€ Silicon Vertex Detector
€ 0 ~55um for 1GeV/c @ 90° N
€ Central Drift Chamber N N ex/;::ﬂ,m rron
'S g, Ip ~0.35% @ 1GeV/c 5 *" i y ,:
& o (dE/dx) ~ 7% \' Nl
¢ K*iduptop,,=35 GeV/c i L
€ TOF (o ®5ps) A
¢ Aerogel (N=1.01~1.03) —
€ v, etwith Csl crystals
¢ og/E,~18% @ 1GeV
¢ KL and p* with KLM (RPCs)
& |t effic. >90% ; ~2% fakes

== ____,f’
: gz ECL:EM Calorimeter
7™ KLM:K /1 Detector

, Superconducting
e olenold (1.5T)
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W=y KEKB/Bellesummary

BELLE

 World record luminosity
— ~10 B mesons/sec

e Backgroundsaretolerable:
—SVD occupancy < 4%
— CDC Inner layer occupancy < 10%
— Csl pedestals endcap < 1MeV,; barre <500keV

 Headroom for improvement:
—Plans. Lum O 10%;

2.0 1.5cm

rIPpipe
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B—->CP Eigenstate Decays

Use ~all low-background ccK® modes

Bep - WK (o1& P10 ~

y WES)(~ & I K
© Xal-Ipy) Kq

o K KT, KK T0) Kg

o JPK, A

% IPK*O (LK) (mostly)

> ¢ =—1

— ¢ .=+1
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s BO . J/P K (- 1)

SO0 I |+ T T
[hn'ILI'I:I.r15 J/w u u T 12000 1 1 1 1 l 1 1 1 1 1 1 1 1 | 1 1 T 1 | 1 1 1 T
- Yiald: 17633+ ) -
" Mean: 30967+ 0.1 MeVic® 7 | . KS_) TUTL
- Widlh: 9.6 = 0.1 Mavic® 1 10000 —
2500 —
B O-~1OM eV/ C2 } 8000
M N
0 ——+—+ 6000
- Deelactrons
- Yiald: 16224+ 192 J l_lJ —_— e e
~ Mear: 30948 + uiriew: 4000
~ Width: 10.7 + 0.2 Mevie®
2500 — -
- 0~11MeV/c? 1 2000
0 ] ] ] | ] L | iy i- ] ] .'w 0 ——
0.470 0.480 0.490 0.500 0.510 0.520
2 B0 280 2.00 1.20 3.40

_ ) Dipion mass (GeV/c?)
Dilepton mass {GaVic’)

Biggest contributor to the T, event sample
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s B - J/P K(- 1) (cont’d)

457 events
~3% bkgd

Energy difference:

AE=E,,

Beam-constrained mass:

'|'E|<S ~Ecy /2 é"";

L. |

rnOC - \/(ECI\/I /2)2 _(ﬁJ/w T ijS)z o = 280 =300

July 23-28, 2001

LL

42—4:-/>

By Corarrminss Mean (s |
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For B - J/WK

-
T

- use K210

Sk

A3

Total events= 76
Bkgd =9 evts (12%)

I E

20

il o oo fot i e feoooki VLR EEE BREEE

July 23-28, 2001
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W=y Other charmonium modes

T | T T T | T T T
i 1., Yield: 2137. + 82. -
1600 %, Mean: 413.6 MeV/c” (Fixed)
N %oq Width: 7.2 MeVic® (Fixed) -
¥, Yield: 516.+ 65. i
i %o Mean: 460.0 MeV/c® (Fixed)
1200 - .o Width: 7.9 MeV/c® (Fixed) _|
X
=
2 \C1l .
m J
e ol ! 1st observation
L
of inclusive
T B2 X., X
ﬂ | | | | 1 | | | | | | | | | |
0.20 0.30 0.40 0.50 0.60

M_ . -M, (GeVic?)

ey T -

M (I*1y) = M (I*1°)
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DD

<O

All CP-1 modes

B9 _, other modes — sum _
290 candidates | °F T 1 -
46 background | ¢ | -
(Purity =84%) | 2 | _

%GD__ r— - Jiw kK :II_ __

B Y KS(-Tr)” | t
457 candidates @ =f -
~12 background : Nt

(Pur |ty — 97%) 5200 5225 " 5.250 5275 5300

July 23-28, 2001

Beam Constrained Mass (Gev/c?)
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DD

<O

BELLE

nmeW+CD\\\
2) Assume B%_gltp K.:
compute P,

3) Remove reconstructed
B - JYK,JYK*, ...

4) Cut on alikelihood
based on kinematical
and shape quantiﬂ»es

5) Plot P*B:F’J,q, + P

M —_
July 23-28, 2001 LPO1, Rome The Belle Collaboration




* —>
Pg =| PJ/L|J + Py

B _ JIWK,

569 total events
346 signal

(Purity = 61%)

July 23-28, 2001

Mumber of events / (0.05 GeVic)

B° - J/Y K, signal yield

al )
: Ngq = 346 events -
[ /

N —_——
-

Npig = 223 evts-

1.0 1.5
pecm (GeV/c)

Pg(cms)

LPO1, Rome

The Belle Collabor ation
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Flavor -tag the other B meson

Use inclusive flavor -specific properties:

"I nclusive Leptons:

=high-p |- b> o) v
sintermed-p I* Ls (Hv
*"| nclusive Hadrons:
=high-p B> D<*>+@ DO+ p etc
"intermed-p K- L
=low-p 71 DO@

Also need to consider correlations
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2-level M ulti-dimensional flavor tagging

e "'_'__"'_'_'_f tracks _:l:::::._‘_': ------ -
- 7 H T = .
r"‘"-ﬂ-‘. -~ r‘.r":“rf |=. A . - '\1.__‘“‘
— .-“'I"d {1‘.-"’ \ 1 - "-.._.l_
m r-r" ‘.r‘rr .‘l-f !l i b ™. L ‘l\"
E “_. ’: E * 1 -I-LI 1'\-.,1 "‘\-.‘1
~ ¢ slowpionLH lambdaLH kaonLH ¥ lepton LH "a ™,
¥ R ; — - s
o | charge & Aor A 2| charge S x| S =
ole £ Mpr | o A H | HE
[ . ] p 71 Ed [k It el —

I— cos B Hoeflection E cos o o ; - . ':_,-_' '::

COS Hthrust-irk I"l_:'! . . i P(kin ID) = I W reco = | E

P(rle I1D) Pr:':"-'l:' é Plelectron D)

1 PiMuaon D)
event LH

Y * {eFef TOr Max. re)
; e« )
- [1{1+qure) — TT(1-gurs) 2
= MT(1+qurc) + TT(1-gurs)
,E_E aqir (Tor max. ) =
L )

I =0
- N(Brag)—N(Bizg) N{Btsg): Number of observed B s
N(B#g)+N(Bdg) at the cell for MC samples
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Deter mination of wrong tag fraction w,

“ L]
B —Dlv
- 0.25<r=0.5

VIl ry
=
n
ARV Y
]
T

?
%

=

- (=r=iL25

<05 |

&
”

get wfrom B = B I T

—_—
1 L]
= .

mixing amplitude: NN =

&
”

r=1

-iL5 | . -
=1 ] ] =1 ]
5 5
9 I'r-ur.n':r |.!1.~|.'H_'|-1II| r|||.-1_|1-\.:| ’ I'r||-|||'.-r dn‘]jl IE rlu.'”:nl

i £ 1 F0.75<r<0.875 £ 1L 0875<r<140
=03 | EM
7 \JF N
L5 | -|I.5
=1 L L =1
" I'nrp'?rdt'tu,&]llmll:{pm:l f Iru||:r decay IJnHIp'-.r
R R NI N
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Multi-dimensional Flavor Tagging

o Usesall events ' -
— Efficiency > 99% oo} r
€ etecive = 27.0 £ 1.2% c% oo » I;
* Includes correlations — P ;
» UseMC-r asaclassifier N
e Usedata-w for CP fits % "oz o4 'r'o's"'o.'a"'

MC—determine measured from data
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D .
Vertex Reconstruction

e For CP-sde, use J/Y-2>171-

— Regect poorly fit events.
OZ-p = 75 Um (rms)

 For Tag-side
— usewdll fit tracks
— Iterate: discard wor st track
— 0z, = 140 pm (rms)

* Require|z - z,4/<2mm (=107;)
O 5 = 15ps

 Talls=3%; Effic. = 85%

1137 evts used In the CP fit.
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DD

<O

Validation: B lifetimes

4 BOD*lv |

%
%
Fy
v P
\, +F
\
\ H‘l

Tg, =155+ 0.02ps
PDG: 1.55 £ 0.03ps

Ts, =164 £0.03ps
PDG: 1.65 £ 0.03ps

July 23-28, 2001
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s Timeine

BELLE

e July 6. end Y(4S) running

e July 9: finish data processing
e July 11: find w;’s

e July 12: Open the box!!

e July 13: PRL draft - Collab
e July 18: PRL submitted

e July 23: Announceresults

July 23-28, 2001 LPO1, Rome The Belle Collaboration



Combineq, ¢; & At

- 4+ g&=+1
0.20}

b &= -

3

=

% =

__Z'__ 0.10+ i

A i \

N
s, Nt
0.005=— ! ' ! ! Rl

-8 -4 0 l

At (ps)
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DD

<O

BELLE

CPiIsviolated in B decays!!
L arge effect

cApparent In theraw data

‘Many o
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o Event-by-event Likelihood

Li = [((1— for) Psigt for Por) X R(At—At') dAt'

oAt g
’ps-ig — S (1 EIQ(I—ZWJ sin 2@ sin &ﬁl&tj
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(D . .
-event Likelithood

é=1 for CP=#1

July 23-28, 2001 LPO1, Rome The Belle Collaboration



DD

Fa=] sin2¢@, valuethat maximizesIl; L,

BELLE

sin2@;, = 0.99 £ 0.14 (stat) +0.06(sys)

Combined

curve from
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ unbinned fit

LPO1, Rome The Belle Collabor ation




BELLE

Usetoy MC: run 1K similar expts
with sin2¢, (input)=0.99

Do thefits & errors make sense?

sl

ot o |

fim =
g

U 14
f't',m;. -
w = |ow-Sidef
M error
4
.E:i.:w' T o o {3.(;?#22%-}
Toy MC
YV~ 10128
mMmeans.

July 23-28, 2001

+0.14
{high- Sld = Y.
error HJH

| LRury
of sin2g, )

LPO1, Rome
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Compare CP -1 and CP+1

opposite!

'

1.31+0.23

(statistical

-8 4 0 a4 g errorsonly)
At (ps)
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Control sample: BY - non-CP states

use: BO>DU)-t, D p*, D™ 1*y, J/YK* (K*1T)

B0 Control sample “g n2(P1"
~1/K events
0.05+0.04
A -4 0 4 8 (Hatistical
At(ps) error only)

A
July 23-28, 2001 LPO1, Rome The Belle Collaboration




DD

<O

Jh KH{GP}“I)
Other CP=-1
Jhy K

Jhy K"

sin2@, from various subsamples

g=+1 560 evts

g=—1 577 evts

All

July 23-28, 2001

}_._{ 0.81+0.20
- | 1.00%+ 0.40
~ | 1.31+0.23
. I 0.85+1.45
+0.15
o] T D e
+0.21
}—0—{ 0.84 -0.22
}_,_| 0.99+ 0.14
| | |
1 15 2.5 (statistical
sin2, errorsonly)
LPO1, Rome The Belle Collaboration




CP fit : Systematic Error

Vertex algorithm

+0.04

~lavor tagging

+0.03

Resolution function

+0.02

K, background fraction

+0.02

Background shapes

+0.01

Amg  and Tgy errors
Total

+0.01
+0.06

July 23-28, 2001
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W=y Comparewith CKM constraints

0.004

- W by =
- . H
- - -

)
P
|
: 1
!
[

= IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEIII

n.lmn PR MR EEEPUE A B B |E L P TP T .
-0.004 -0002 0000 0002 0002 0006 0008 0010
- | $12V e >
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Comparewith constraints (cont’d)

Ciuchini et al —/

0,0 <

AT T |
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B Conclusions

BELLE

®CP isviolated in B decay |>66!!
i 4+ g&=+1

®sin 2@, islarge: .«

0.99 + 0.14 + 0.06 | o

>0.7 @ 95% CL

At (ps)
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BELLE

CDF
(2000)

Belle
(Osaka,6.2/fb)

BaBar
(Osaka,9/fb)

Belle
(11.2M BB)

BaBar
(23M BB)

Belle
(31.3M BB)

BaBar
(32M BB)

Average
(4 expt.)

-0.5

July 23-28, 2001

sin2¢,

LPO1, Rome

=34Comparewith other experiments

+0.41
0.79 4 44
+0.82
0+84 —I-"4 iﬂ-lﬁ

+0.43 + 0.07
0.45 -0.44 -0.09

0.12+ 0.37£0.09

+0.32 +0.09
0.58 -0.34 - 0.10

0.34% 0.20£0.05
0.99+ 0.1410.06
0.59+ 0.1410.05

0.79%+ 0.10

The Belle Collabor ation



W=y Variationson atheme

Old data; old analysis. |0.58+0.33
Old data; new analysis. |0.54+0.34
New data; new analysis. | 1.06+0.14

Allow Am tofloat | sn2¢, |Am, (PDG:0.472)

1.00£0.14 | 0.478+0.057 pst

Allow tgytofloat | sin2¢@, |1y (PDG:1.550

1.00+0.14 | 1.66+0.07 ps
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