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S B Factory at KEK: 1-page Introduction

BELLE

8GeV €lectron 3.5GeV positron
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U(4s) ® BB

HEpR LER
Interaction Region

(average) tagging

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



S B Factory at KEK: 1-page Introduction

BELLE

8GeV electron BRlVIEESNEL) SSGeV/cz) 3.5GeV positron

5 bg=0425
&

Rate = exp(-|Dt|/tg)/2t 5~ { 1 (Xq)sl n2f ,Sin(DmDt)}
X : CPegenvaue (e.g.-1for Jy Ks)
q: Fl_a\_(f_)r tagging (= +1 for BO-bar(Pt))
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- Experlmental Challenges

1) Copious B pair productlon eff|C|ent B reconstruction

2) Efficient and correct flavor tagging

3) Observation of time-dependent CP asymmetry in B
decaysto a CP eigenstate with good vertex resolution

sinZd, = +0.6

o —
Zq Az Zo

B(cp) Bitag)
decays decays

? z»cll ? ?t
(~200|Tm al Be”e) proper time difference Dx (ps)
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</> July 2001 : the Beginning of New Age

29.1fb 1 (31.3 million B pairs)
Worl f July 2001
PRL 87, 091802 (2001) orld average (as of July 2001)

hep-ex/0202027 (submitted to PRD) 2f 1 =0.79+0.10

CDF 79041
(2000) : 0.79 4 aa

BaBar

eeeee

1 IN-N/d{A)

(23M BB)

(32M BB)

+0.3
8 -0.3
4+ 0
9+ 0
9+ 0
9+ 0

o First CPV observed outside the kaon system

o Strongly support the KM machanism of CPV
— CPis not an approximate symmetry anymore
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< KEKB Luminosity: the world’s best !

BELLE

¢ Peak L 7.25 1033 cmrést (Mar. 28, ’02)
< Dally Integrated L 387 pbt/day (May. 11, ’02)
<  Weekly Integrated L 2.14 fb1/week (Apr. 28, '02)

Offline+Online Luminosity (pb_‘r_) (/dexy ) 2002/05/1F B7.36
[ ] OR resoRIRes, [ aff reseRaRece, —1 eRergy se
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=

Integrated Luminosity (pb")

& o q 7 ——— e ————
55709 22872000 X258 152060 Q2L 2008 TIE2002
-r
Belle log total - 749888 pb 2ats
reirdnfo ror LH3 3 K.

e £ xofd RunrSis EELILELEVEL htest
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B Belle Detector

BELLE

Silicon Vertex Detector (SVD)
| mpact parameter resolution
- 55mm for p=1GeV/c at normal incidence

Central Drift Chamber (CDC)

(s Pt/Pt)2 = (0.0019Pt)2 + (0.0034)2 (Pt in GeV/c)2

K/p separ ation with
dE/dx in CDC (s dE/dx =6.9%) Bel le
TOF (s TOF = 95ps) ; 5 JKLM _TOF
Aerogel Cerenkov (ACC) CDC- |H 275 “”””““ ACC

Efficiency = ~90%, 150° ““HH ‘ H“ — ‘" m “
Fakerate=~6% up to 3.5GeV/c m “Hm ‘ i ——‘” HH “

g, ex with Csl crystals (ECL) ||||I||n| |”||| —EL ||”H il
SE/E ~ 1.8% @ E=1GeV .0 GeV Fﬁ 3.5 Gev+
e+ : efficiency > 90% = s "'""_ =€
(~0.3% fakefor p > 1GeV/c)

KL and mt with KLM (RPC chambers)
mt : efficiency > 90%

(<2% fakeat p > 1GeV/c)

Quite stable performance up to now

All components are importantfor the sin2f 1 measurement.

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



@ cdxcocy
A dEA ~ 5%
BELLE TOF (o ere) [N = .

AT~100 ps(r=125cm)

Silicon Vertex Detector (SVD) et IR

\ y Barral & |_| M nce up to nOW
Codeap ACL N B n=1030
[ anly flavor tagging )

| mpact parameter resolutior

—> 55mm for p=1GeV/c at nol
Central Drift Chamber (CDC)

(s Pt/Pt)2 = (0.0019Pt)2 + (0.08
K/p separ ation with

dE/dx in CDC (s dE/dx =6.9%)

TOF (s TOF = 95ps)

Aerogel Cerenkov (ACC)
Efficiency = ~90%,
Fakerate = ~6% up to 3.5GeV/c :

7| 87%

g, et with Csl crystals (ECL)
SE/E ~1.8% @ E=1GeV o
e Kaon efficie CX
» p contaminatio

et : efficiency > 90%
(~0.3% fakefor p > 1GeV/c)
KL and mt with KLM (RPC chambers) 8?/9; \
) “‘A abatey 4*6;4.‘A1“‘+‘+++$44*

mt : efficiency > 90%
(<2% fakeat p > 1GeV/c)

Z 3 i
p (SR

t

¢..¢. 4 + +}
LARE FE 2 +¢§+++++i+++++ §+

]:ﬁf clen cy

All components are importantfor the sin2f 1 measurement.
Masashi Hazumi (KEK)
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L J/y
- ® ntnr

[ s=9.6MeV/c?

[~ |

J/y

| ® e*e™(9)
| s=10.7MeV/c?

1 —

TP

2.80

3.00 3.20 340

Dilepton mass (GeVic™)
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p°® og
s=4.8MeV/c?

:rtu—:t"ﬁ in hadronic events

s=12.1MeV/c?

1—>yin hadronic events

\

[, =475+ 0.08 (MeVic) B

II|II IIIIIIIJ_

6, =121 + 0.2 (Mevic)

I I i i i
HI.IIH 1Ll i llz 16 I, 1%

M. (GeVic'
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145

15

0355 ) [}
M, (GeVic')

1
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s=12.1MeV/c?

200 +

0

B 1201
23851
0.5009
00,1054
\ ¢ R

1316,

1.4989
1.9267E-02
0,54758-01

P
P6 .40
P 1544
P8 13.67

0.3 0.35 0.4 0.45 0.5 0.5 0.6 0.65 0.7

Ks mass (GeV), J/psi skim
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</>  Fully-reconstructed Event Example
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BELLE

@ )

sn2f ; Winter '02 Update

[ M@or update = Summer 2002 (~90fb-1) |
& b
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yvear .month

Belle 2000~2001 (41.8fb-1)

(LPO1 (published) 29.1fb-1)
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</ > Reconstruction of CP Eigenstates

BELLE

Mode # of Ev. Purity
Iy K(p*p’) 636 0.95
Jly K(p°p°) 102 0.80
y (29)(I11)Kq 49 0.95
y (29Il pp-)Ke 57 0.93 &P:’_df)
C.,(Ily 9K 34 0.93
h (KK P )Ks 39 0.72
h (K*K-p9)Kg 33 073 _/
Jly K*O(KJO) 55 0.89 even/odd mix.
Jly K, 767 0.60 CP-even (x = +1)
Totd 1772 /
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BO® Jly Ks@®p'p) | 1005 candidates
636 candidates | e Jl

~31 background
(Purity = 95%)

r+—-= JJYf Hﬁ(:r;”:rr,”:.

B°® other modes

369 candidates

~59 background
(Purity = 84%)
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B BO® Jiy K,

BELLE

1) Jy ® Il + K,
2) AssumeB—2Jly Ki:
compute Py,

3) Remove reconstructed
B® Jy K,Jy K*, ...

4) Cut on alikelihood
based on kinematical
and shape quantities

5) Plot P%=[P 5, + Py, |

K, direction + 2-body
decay kinematics

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)




A BO® Jly K,

BELLE

* = = B
Py = P, + Pr| e

run-dep. E, ., correction ) Ngq = 462 events

C

[l Signal (462 events)
B BGwith K,

O BG without K,
|

combinatorial

767 total events
462 signal
(Purity = 60%) i

Mumber of events / (005 Ge:

C

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



Q(B FI avor Tagg| ng (no change from LPO1)

BELLE

Use inclusive flavor -specific properties:

*| nclusive Leptons,

=high-p |- b->cl n
sintermed-p I* Ls I*n

*"|nclusive Hadrons:
=high-p p* BO>D®)- p*, DO r*, etc.
"intermed-p K* - KX, Leptpe
=l owW-p pr - DOpr

Also Include correlations

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



< Bedle Flavor Tagging Method

BELLE

L ook-up tables

k Information on charged tracks -
_ -—- -_I

Track-lwel
I Iunk—up tables
m m

Select track Calculate Salect track

with combined "q.r" with
largest "r" largest "r"

Event level Innk—up table -1 -08 -0.6 -04 02 0 02 04 06 08 °

|— Flavor information "q" and "r"

-08 0.6 -04 -02 0 02 04 06 08 1
qer

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



< /= Wrong-tag Fraction Determination

BELLE

Wrong tag fractionsin

Flavor specific decays + Tagging
Bo® D*In, D®)p/r (® mixing)
OF - SF
OF + SF

OF = Opposite Flavor
SF = Same Flavor (i.e. oscillated)

Asym =

determined by data
Efficiency > 99.5%

€ iive=27.0% 1.2%

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)




Allmodes

Hadronic

0521+oo17+

0.505+ 0.017+ 0.020

D*In

0.489+ 0.01278:

_ Dilepton (5.9fb?)
0.463+ 0.008 + 0.016

PRSI IS N W S e
Kl HUD 1000 100 Te00 TEE) TS0 2000

Proper decay time(ps)

m-hiladelphia, U.SA.

ALEPH *
{3+ 1prel)

DELPH *
{4+ 1prel)

OPAL *
%)

BABAR *
{Hadronic, 20.7/h)

BABAR *
(Dilepton.fﬂ: :M

h)
(lepton,PRL £l ;
)
%
)

BELLE {Prelminar
{D*ly, 291

i

BELLE (Prelminar
Hadromt 10t E

It

BELLE {Prelminar
Pa:tD*TL 10/t

world a'.reraie

ARGUS+CLEO

(XJ measurements)

world a'.reraﬁe

(PDC2000)

fured inwerking preup

werld averape (L101)

0A4620.020H0.018 ps”
050420.01940.012 ps”
0.44410.02840.028 ps”
047T9H0.01840.005 ps”
050720.02340.019 s’
0.49520.0240.025 ps”
05190.02040.016 ps”
0.49910,01040.012 ps
0.46340.00840.016 ps”

woi 1
04891001 L

a4
PL

052140007
0.5050.01740.020 ps”

0.49110.011 ps”

0.48920,008 ps”
0.48920.032 ps”

047240017 ps"



double Gaussian

i _(1 fol){d(l fbk) S|g([1')A Rsig([]:_ []:)
h fka)k([I)A I:\)bk(l:]: u))du}k‘ ol " ol (u)

\% from data

P, (Dt) = ———e I®e (1 x q(1- @)
2t |

“on( 2f ;)sin( Dm, ;Dt))

R, (Dt) = f.e™o y2x  +(1- £ )d (D)

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)




> . .
/> | mproved Resolution Functions

BELLE

o Separate response functions for “vtx
with 1-track + | P constraint” and other

e OQutlier treatment
« Already adopted for the B lifetime
analysis
Pdf(Dt) = ng@) RSjg + Pgg + P
Rég = Raa® Ryp ® Ry,
More sensitiveto R(Dt)

Simultaneousfit to B%,B- nmsp

t(B0) = 1.554 #+0.030 ==0.019 (ps)
t(B-) = 1.695 #+0.026 ==0.015 (ps)

t(B-) /(B0) =1.091 0,023 +0.014 [N CEEIUIIEEECIE N
PRL 88, 171801 (2002) At (ps)
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1550 events| 1137 Lpo1 |

Sn2f ; =
0.82 £ 0.12 (stat)
+ 0.05 (sys)

1/NdN/d{Al)

Raw data
Asymmetry !

N(ax=-1) - N(ox=+1)
N(ax=-1)+ N(ox=+1)

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



1550 events| 1137 Lpo1 |

Sn2f ; =
0.82 £ 0.12 (stat)
+ 0.05 (sys)

Test of direct CPV

o
ka2

1/NdN/d{Al)
o

I]=1.017) (stat)

“Sn2f 17 = 0.82 + 0.12 (tat) |
N T 0 7 AL 7 -

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



Raw Asymmetries

—_—

CP-1

: : opboﬁte! : :

114+ 922

(statistical
o errorsonly)

g
o
Q
Z
*
2.
o
=)
Z
~~
g
o
Q
Z
2.
s
=)
Z

o O o
I = M o [
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< Test of Null Asymmetry

11 S- n2f 1”

0.05+£0.04

(statistical
error only)
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D x .
san2f , from various subsamples

JiyK (GPM
Other CP=-1
Ty K,

JywE "

g=t+1 785 evts "o

= -1

q=-1 765 evts @ a0)

—_— -] T

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A.

0.60f0.19

1015
-0l

1.00

0.821t0.12
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</ Sn2fl: Systematic Errors

BELLE

Vertexing + 0.03
Flavor tagging + 005
Resolution function R
Background fraction(K_ ) & 0012
Background (non K, ) + 3808
Dm, and tg, errors 1
+ 0.048

Total

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)




<= Why better precision required ?

BELLE

e sin2f, InJ/y Ks(and related)
— Insensitive to New Physics. Boring ? No !

 |Important as the Standard Model “ Anchoring Point”

o Combination with other rare-decay CPV: apromissing road to the Physics
beyond the Standard M odel

e Examples of rare decays
— B%® h’Ks: New CPV phase search in penguin decays
-2 sn2f 1(Jly Ks) =“sin2f 1(h’'Ks)” ?7?
- Talk by K-F. Chen inthe “hot topics’ session with 73 signal events
— One of the most important inputs to the CKM fit

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



i Conclusion

BELLE

« KEKB: Great Achievement !
o Lpeak =7.25 x 1033 cmr?st

e Belle: Very Stable Operation

e SiN2f1=0.82+ 0.12 (stat) = 0.05 (sys) (41.8fb)
e Summer update with ~90fb! !
e Test the SM with other CPV inrare B decays!

Exciting time will yet to come !
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Backup Slides
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5 Kobayashi-Maskawa model of CPV

BELLE

CPV due to the complex phase in CKM matrix

thth
(} G
(}S —= (}Vcd
8'9 7] 8th ts V't
VC VC . .
Physics at Belle i [lsr?;r?é:éy]

# Discover CPV in B meson system (done!)

# Measure CKM elements (angles and Iengtha with

unprecedented precision to overconstrain
# Beyond the SM (e.g. a new CPV phase)

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



Luminosity of KEKB (X, Y)HER =
Oct. 1999 - May 2002 (<0.514, 0.50)

—_—
........ ﬁy.. Tmm1 (vx,vy) = — ':Vx:\’y)LER = #—Peak |.|.||'|'|i|'|05it"f
: (0.52, 0.60)::(<0.514, 0.57)
(vx,vy)=(0.52, 0.08)

Peak Luminosity
in a Day

J|-— 377 /pb/day

=
z
82T
= ]
uex
2LE£=5
—Eo
Z3C
o
]

+12.38 /ib/7 days
—18.22 /fb/30 days

—H—i-il-i-H-i-l-i-i-i-i-l-i-i-

—_
=
=
o

in a Day
(mA)

Peak Currents
on
=
=

=

Integrated
{(1/fb)

[ o o T W ol B N |

o o o o o o

Luminosity

—_
o o

oohoo™on® 10/03 04/z21/20Mm 11407 05/26/2002

03/17/2000 Update: 0270472002 10:03:35
- . g g -

C-Yoke:(1)800m (2) 800 m Solenoid: 800 m 2 2200 m
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~Semileptonic decays Hadronic decays
BO® D**(® D%*)I—n

]

.

0142 0144 0146 0048 015 0152 0154
Kn mass difference(GeV /e’

—h
(5]
=
=]

entries/0, 1MeV/c”

entries / 2MeV/c?
-
=

—
na
=1
=

e =]
0142 0144 L1446 0048 015 0152 0.154

Kan' mass difference I.:H'fr.zj

=
-
i
==
=
|
§
i
-
e
@

entries/0.1MeV /e

P S
5.24 5.26

M, (GeV/c?)
Used to evaluate performance of flavor tagging
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0,142 0144 0146 0148 015 0152 D154
KAt mass mass dirfl..'l'l.'l'll‘l.‘f“i.'\"fi:!




D
Lo

BELLE

 For CP-side, useJly =2 1*I-
— Rgect poorly fit events.
dz-p » 75 nMm (rms)
 For Tag-side
— use wdll fit tracks
— Iterate: discard worst track
— dz,, » 140 mm (rms)
* Require |z; - z,4<2mm (»10t ;)
S pt» 1.5ps
e Tails» 3% ; Effic. » 85%
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/> JIYK* Transversity Analysis

B> VV usable ! g

CP 0odd=19+4%

(See BELLE-CONF-0105)

PgoC Dt ) =(1-Rp)Pgp-; (1+cos? ) 3/8
+ Ry Pepoq (SN0 ) 3/4

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



</ > BO® h’'Ks Time-dependent CPV

BELLE

M otivation

B® J/v Ks
“ C

Acp(Dt) = —x; sin2f ;sin(Dm,Dt)

* Precise measurement of CPV in penguin decays : a powerful tool to
search for anew CPV phase beyond the Standard Model (SM)

« Large branching fractions for inclusive and exclusve B = h’
transition may be a hint.

May 16 - 18, 2002 FPCPO02, Philadelphia, U.S.A. Masashi Hazumi (KEK)



D

</ > BO® h’'Ks Time-dependent CPV

BELLE

M otivation

B°® f Ks, h'Ks

= b

g S ................... » W < S
S

Acp(Dt) = —x; sin2f ;sin(Dm,Dt)

B°® Jly Ks

* Precise measurement of CPV in penguin decays : a powerful tool to
search for anew CPV phase beyond the Standard Model (SM)

« Large branching fractions for inclusive and exclusve B = h’
transition may be a hint.
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D

</ > BO® h’'Ks Time-dependent CPV

BELLE

M otivation
B® f Ks h'Ks B® J/y Ks

b

C
W < C

Acp(Dt) = —X; SIN2f ;S n(Dmth)

‘ Acp(Dt) = =% SIin2(f ;+f NP.)SI n(Dm,Dt)
-1 New diagram and phase |

* Precise measurement of CPV in penguin decays : a powerful tool to
search for anew CPV phase beyond the Standard Model (SM)

« Large branching fractions for inclusive and exclusve B = h’
transition may be a hint.
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<‘ DD .
e Reconstruction
BO = h'Ks p+p- (68.60 = 0.27)%
Belle 41.8fb-1 g (2954 101%
—— ptp- (~100)%
<
Rp+p- (44.3 +1.5)%
N 09 (39.33 +0.25)%
BO Yields LG
+6.2

N(hpp Ks) =27.7 55

-‘-n_-...___ 0 ]
02 01 0 0.1 02 52 5225 525 5275 5,3

e Gev oy GeviC More will be given in
the “hot topic” session (K-F. Chen)
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