Belle Status & Plans

Y.Sakai (KEK)
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=1  Physics at B-factory

B decays ) CKM/CPV
Vud Vub 2(0!. Vvtd I/t*

Quark level

P;(v) P (
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2 QCD/Lattice
New Resonances

b-quark: Heavy — variety of decay modes

(also excellent T/charm & yy factory)
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Integrated Lummosnty

Data used in analys1s
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¥s]1 ~Doubled Data size

D

BELLE

Evidence of BO --> p0 =0
Measurement of Branching Fractior

60 contributed papers
SRRt B0 g0 & 24 talks (ICHEP04)

Measurement of Branching Fractior
Measurement of charmless B Deca
Study of BO --> n K r and nax
Dalitz Analysis of the three-bc
Observatp=—tb——1a40zaL,
E:::ISEWJI A ~ A
Observa

o=a - Highlights/Demonstration
Improvec
<ol o B — hh : DCPV
Measure| ®
Search fq .
Observat { b —_ qq T‘ P ‘/
Study of S

An inclus

worenl o B —> gt TCPV (NeW)

Measure
Search : e .
=« New “new resonances
Search fq
Search for Lepton and Baryon Number Violating - Decays into p-bary, p-bar o), A-bar n-, and Ax

Improved measurements of ':IGJIHI EP{) ¥A FP@P@I Lifetimes, and BO-BObar Mixi i ; .
Improved measurement of tinik-Neelc CFRio\TEaramde rdin A/ B=cays
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dy charmless decays B+--> K+n+r— and B+--> K+K+K-.

reconstruction tag

ITHEP




Direct CPV: B — Kn

Tree Penguin
* Simplest charmless rare decay modes
* Tree - Penguin interference — Direct CP Violation

Key prediction of _ I‘(B_—> f_) _T(B—f)
Kobayashi-Maskawa model ¢ TB-=f)+TB—f)

Observation in B =) Strong support of KM
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5 Acp(B’ — K*m

BELLE

_ e LA LA RLRL) LR LARLI R LLRLI Bl il bl B Lt Ll et b b
152M BB S0 a0y = ]
N ] rh =
— LE.' Lﬁi.‘l‘ —
Aqp=-0.088 P ——

+ (0.035 = 0.018 ] v, i
~2.20 [hep-ex/0407025] .
. C Y AEGey)

275M BB ; 500 B'— K*m~

Signal: 2139 +53

Agp=-0.101
+ 0.025 = 0.005

—utries/20MeV
Entries/20MeV

. . 0 0.5 0.5
3.90 Slgnlﬁcance [PRL93, 190802] AE (GeV) AE (GeV)

(2" Evidence of DCPV in Belle: 1°* B — - TCPV) KEKB Accelerator Rview 6
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< A
275M BB
Signal: 2139 +53
Ap=-0.101
+ (0.025 = 0.005

3.90 significance

>

oM

—utries/

100 |assne

>
D500 o
400
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ol

A, =-0.133+0.030+0.009

Average of Belle and BaBar

A, =-0.114+0.020

0
First established Direct CPV in B decays !

cp(B’ — K*m)

500 |

0.5
AE (GeV)

. 227M BB
"\ [PRLY3, 131801]

1

0 0.1
AE (GeV)
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BELLE

Key mode for ¢,(a) in B = m:
CPYV isospin analysis

152M BB Evidence !

Signal: 26 + 9 (3.40)
[PRLO1, 261801]
8

275M BB Observation !

Signal: 82 + 16 (6.00)
B =(2.32 3 £75) x 10
Large Br established
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[hep-ex/0408101, to PRL]
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5 Acp of B — n'n®

—_— 30 30
> - >
275M BB 2 C
S 25F = 25
~ F ~
W 20F » 20
2 r Q
S = -
- 15: - 15
W f L
10 p=-s 10
5¢ 5
0- 0"'1"'1 i | |~“h-_1.] ' R
-0.2 0 0.2 0.4
AE (GeV)

uses same Flavor-tagging as TCPV analysis

Acp=10.44 £ 0.51 = g}/ mm) usedin ¢,(@)in B = nn
CPYV isospin analysis

15t measurement !
[hep-ex/0408101, to PRL]
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¥=y Time Dependent CPV

BELLE

Mixing Induced CPV

A Sanda
e, + @ Bigi
lelng ” ' AP p Carter

I —f )-T® =)
A== —— =S sin(AmAt) + A cos (AmAt
CP F(Bg _>fCP)+F(Bg —>fCP) ( ) ( )
Mixing induced CPV  Direct CPV

2Im\ IAZ-1 q9 A
S="1; IA? A= AP+1 P A

CPV in B — JApKs etc. discovered in 2001 !
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D °
Results for sin2 B — J/YKs etc.

SN
T ecluded amahas< 005 CL R Y L
I~ 5N

B e AR Good SM reference
1 b 0 0_5 1 15 2 2004 0 0__5 1 15 2
sin2¢, (2003 World Av.) =) sin2¢, (2004 World AV-)‘
= 0.736+0.049 =0.72610.037 [(~5%)
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N
BELLE

Raw Asymmetry

Belle @L P03

o
()]
™

1
o

ew physics Search : b — sgq

o
S

1

o
R BN

“sin2¢,”=§,S
=-0.96 = 0.51

3.50 deviation
from the SM !
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Entries/(0.0025GeV/c?)

[PRLI1, 261602]

includes Ks — mtxt!
(Nsig=13 +5)

oK. 275M BB

. Nsig=139 =14
purity 0.63

Events / ( 0.05 N

40

O 5

..... g,;.'. ......... P ur1ty--®---1~7 .....

0buriTH i o T
2 00102030405060708091
oo(GeV/c) [hep-ex/0409049] P
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D

=1 B’ — ¢ K’: CPV Results

BELLE
IRPAY B [PRLYI, 261602] 275M BB [hep-ex/0409049]
5= gk T
> | ? SM: +0.73 PHs+ oA, .
® 05F N 0.95F
E AN | + 1=~
§ O ol L.t ’ | ‘ OE\ \__/—-f—q— 1
Ec% 05 L -0_5+
A 68 €V Good tags 1 Good tags
75 5 25 0 25 5 75 _75"'_1;)"'_'2'5"'6“"2'5;'";—,' =t
At (ps) ' ' ' i y
- s At (ps)
“Sin2d),” SIN2¢,
S'=-0.96 =0.50 +0.11 S (¢K”) =+0.06 = 0.33 = 0.09
A=-0.15 +0.29 +0.07 - A (¢K0) =+0.08 = 0.22 +0.09
~20 away from SM
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, g
O B‘) ->n K & high statistics modes
BELLE y 4
B3 [PRLO1, 261602] ol MK 275M BB
- ¢ = )
150 I C) B =T K ézoo_— NSig=512 +27 n — Py, i
100 Ngjg=244(58%) ="l purity 0.61 NI
8 , Ulnght
——— —a e I'.h. 1 j J-E-I_J-E J-E )
O5.2 522 524 526 528 53
M, (GeV/c?)

[hep ex/
4 f Good tags - 0409049]
75 '_'5' S ETT TR 5 s 7575250 25 5 75
“sin2¢,” AP “sin2¢,” AP (~0.50 @SM)
S +0.5120.2620053 53 ) S = +0.65 0.18 x0.04

A=-0.19 £0.11 £0.05
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A=-0.17x0.16x0.04




="t Nsig=31 27

(o) o 1 ] ] 1
52 5.22 5.24 5.262 528 53
M, . (GeV/c?)

g 't purity 0.56 |
£ 05} ,
> ok ~
< osf ‘
AT Good tags

. -5 5 25 0 25 5 75
“sm2¢,” At(ps)  (~00 @SM)
S =+0.75 20.64 513

A=+0.26 +0.48 x0.15

2of G)Ks New modes

Raw Asymmeiry

= .
- 0 o »u =

B'—wK; & f,(980)K

50F

S So980)K,
Nsig=94 +14
purity 0.53

— 275M BB

%

[hep-ex/
0409049]

o

-S=-0.47 +0.41 +0.08
—0.39 +0.27 +0.08
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5 B — Ksa’

BELLE
Vertexing . o
by Ks only \ =
B vertex ..~ §
< . IP profile £
‘Y Ll
Y
Validated by JAp Ks (use Ks only)
g
g 0
o - . (~0.70 @SM) &
SIN2017 S =+0.30 £0.59 +0.11 %,
A=-0.12 £0.20 +0.07 5

275M Bl—g [hepex/0409049]

1 . .
_ (@) O (@) —
YT T T

b Ksa?

s INsig=168 =18

ol + purity 0.55

I :
(+low purity: Nsig=83(0.1%))

52 522 524 5.262 5.28 53
M, (GeV/c?)

75 5 25 0 2.5 5 7.5
At (ps)
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BELLE

“sin2¢,” from b—>s penguins

|7 L [ e P

OPAL 98

327 %05

Belle 03

Charmonium Modes

0.736 £0.049
BABAR 03
0.45+0.43+0.07
Belle 03

OKS

0.02+0.34+0.03
Belle 03
0.43+0.27 +£0.05
Belle 03

+0.19
0.51+0.26" 07+

KKKE 1'KS

0.24+0.15

Average (All)
0.695+ 0.047
P T S I (T T W

0.733+0.057+0.4
Average {(charn

Average (s penguin)

L L [ e e e o |

0.741£0.067+0.034

0.736 = 0.

|Summer 2003

T L, . L L

-3 2.5 2

3 modes

~3.50

-1.6 -1

-0.5
Sin(2pq)

1 1.5

0.24 = 0.15

4>

~3.10 from s-penguin to sin2¢, (cT)

Charmonium A

oK°

oke

¥
&

Kekeks

R —
BABAR 04
0.72240.04010.023
Belle 04

0.728+0.056 £0.023

Average (charmonium - all

0.72610.067
BABAR 04
0504025 0
Belle 04

0.064 0.334 0.09
BABAR 04
0274 0.14+ 0.03
Belle 04

0.65 0.18 0.04
BABﬁaD4
09575 £0.10
Belle 04
—0.4740.41£0.08

BABAR 04
03577 +0.04

-033
Belle 04
030+ 059+ 0.11

Belle 04
+0.13

075+ 0.647 .

BABAR 04
05510221012
Belle 04 ote

04910187 "
Belle 04

10.726 =

0.037

F 25106620108
Average (s-penguin)
0.4110.07
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—M X Sy
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156

~3.80 from s-penguin to sin2¢, (cC)
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1-CLat (0,0) = 2.48x10” ¢

o5 oy N\ Evidence for direct CP violation
A <—=3.20
A for A_=0and any S_

TT

. - f -
1-CL at (-sin2¢,,0)=8.43x10™ 152M BB

15 1—CLE_:1t(—1,'0):1-‘33X19-3, S . — | Winter 2004

1.5 1 -0.5‘ SO 0.5 1 1
STCTE
TUTC [PRLY1, 021601]
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History of A_ and S__

15
5 I

B —w'm * | Belle
TCPV :
Difference 03 ‘

Winter04: ~2.20

T

Summer05: ~3.10

? 1|
presented at Aspen i

18Feb2005% P ST PR
-1.5 -1 0.5 0 0.5 1 SR:{.S
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I = b |
227MBB

Summer05
[hepex/0501071, to P
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+ °
> B? = n*n- signals
%250 275M BB
152M BB a2 § 2w
High quality < 2000 [\ __ Ko
160 Total ===~ KTt E
=140 } B2 metme——-Teeboty) 150
D - e aq V
2120 — s
100
§ ol 100 +
= 60 +
L 40 F 50 T
20 |[.---77 F ) 0
O "6z o0 02 o4 0.2 04
AE (GeV) AE (GeV)
(372 £ 32) wtm~ (666 £ 43) -
signals =) signals
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B'— xn~ CPV Results

—

Raw asymmetry Events/(1.25ps) Events/(1 .zsps)

—Total

SN

(a) q=+1

Wi 152V 5 P
0 I N e, Sha
o= —T9té'
L it TR
I qq + Kn
0
0 ///////// 7 %47////“ R
1F(d) 0. 5 <r<1.0
- ’7+"_—'_:*_\T‘“M* 1

=
Illll\ T T

b,

/

L

good tag At (ps) '

~ -
- el
e -
.
1 1

5 0 S

Amc = +0.58 +0.15+0.07

Snﬂ: = =1.00 =0.21+0.07

:

Raw Asymmetry ~ Events/(1.25ps) Events/(1.25ps)

- 275M BB

- O

-5
(d) 0.5ArQ1.0

1 T

o
n

o

good tag At (ps)

o
o

1
-

5

At e )

Amt = +0.56 =0.12+0.06

Srn

= —0.67 £0.16x0.06
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DD

=1  New Exp. Summary

BELLE

1.5 1>
<[>

BELLE

g ‘
|
< | Belle215M _ &
|

RN

~2.30 difference between
Belle and BABAR

0 o \

BABAR 227M

0.5

1.5 1 -0.5 0 0.5 1 S

TN —
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Significance 275M BB

‘ Large CP Violation, ‘
(A,5)=(0,0)
1-C.L=5.62x10%, 5.40

0 (A,S)=(0,—0.62)
0.25 1-C.L.=5.13x105, 4.00
Large Direct CPV

confirm previous
Belle results

-1 -075 05 025 O 025 05 0.75 1

- both statistical and systematic errors | Smt [hepex/0502035]
are taken into account. Feldman-Cousins Analysis
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D

¥ (Check: Time-Integ. CPV

A =+0.52+0.14 EEEINENRGERNIESEGE SN

LR>0.86 & 0.5<r<1.0
tag-side: B 60 tag-side: B
n: 107+£13 s 6911
Km: 4219 Km: 4319
cont: 38+ 1 cont: 38+ 1

»
o

N
o
N
o

W
o
W
o

Events/(0.02GeV)
N
o
Events/(0.02GeV)
N
o

20 20 ||
104 4 J,rJr;H;JrJrI L 197 H 4T gt
0 + H Ty 0 + T T A

0 02 0.4
AE (GeV) AE (GeV)

Direct CP Violation 1s evident!
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Isospin Analysis: ¢, constraint

M. Gronau and D. London, PRL 65, 3381 (1990)

S, = 1= A2, sin(29, +26)|

Z()() —\ f

Belle result

Amplitude for
A+_(‘Z+—) B“(EO) T B — i Br & ACP

BB — 7'’ HFAG 2004 Summer

—00

;4:':'(/4 )
A A"y |BY(B Y= ' x")

World Averages

~ ,‘,‘ ~

1’ = e_¢52!‘i
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¢, constraint

275M BB

using HFAG
summer 2004

Fit method:

0”'20 40 60 80 100 120 140 160 180 J. Charles et al.,
¢, (degrees) hep-ph/0406184

95.4% confidence interval
Oo < ¢2 < 190 and 710 < ¢2 < 1800 [hepex/0502035]
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DD

Lo New Resonances Factory Bonuses !

BELLE
——— 7  Discovery of X(3872
: Vo M) - M) Y ( )
300~ (Belle experiment) B’ —>K+X(3872) — K"+ JT+.777-J/'(,U
: /11)(23) Il [PRL 91, 262001(2003)] @
“or | Narrow peak in” @\

: Jhpw*n- mass ! |

i n,rdj M o—
O I 1 | I 1 1 1 | | 1 1 1 | 1 1

0.40 0.60 0.80 1.00 1.20 KR ¥ (493)
M(r T Jhy) - M(Jhy) (GeVic?)

Mx = 3872.0 = 0.6(stat) £ 0.5(sys) MeV/e2, I', <2.3 MeV/c?
confirmed by CDF, DO, BaBar

BEPF9‘1¥79) Q —_ o
| \ ww
~
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X(3872): New decay mode
275M BB B— J/y (w'm ;;Z)K

(f) X(3872) 2nd decay mode
48 N AR R L
i +
—~ i o " 12.4 4.2 evts \
B L s | signif. =40
E4.55 810__
3 SN
=0 R T B R ‘
34.3_— 0_1—+—]+ ITI I+ |TI ITI l| l.
E 480 605 730
M T ) (MeV)
T : ['(X— mwtn- n0JAp)/T(X—mtn JAp)
—p [ B->K X(3872) =1.1+0.4+0.3
gl todoae (0 o
0.50 0.74 1.00 1.25 1.50 —~ DD* bound_state mOdel
Thepex/0408116°] M(rt*t-n0) [Swanson, PLB 588,189 (2004)]
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wJ/ip low-mass Enhancement

275M BB B — J/y (mﬂ—ﬂO)K [hepex/0408126, to PRL]
Y (3940)

24 T

cut here ( >1.62 GeV?) (b)) | | M=3941%11 MeV
= | 30 - I'= 91+24 MeV
5. 215 B . i it / :
= l ioni i
~ 20 |- Significance
= ol el farn o - >80 :
tos LEEN el T ]
B>K¥ Jhy e mE e T ] :
. 0 | | |
I%lF(D S 3880 4080 4280

1 II 2 Ill 3 T 2 o M(O)J/\I!)(MGV)
M?(Ko) unlikely normal (cc) state
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X(3940): New (c¢) state ?

ee — JAp (cc) 287 fb'!
X(3872)

res

* No signal of X(3872) X(3940)

* Significant peak at

M=3.940+0.011 GeV/c? S i
N=148+33 (450_) 35 36 37 38 3944 41 42 | ” H

width: narrow 1
<~ resolution 25 e, n'
(=32 MeV) 0 A

e Hint of X(3940) - DD* 2 25 3 3574 43
Recoil Mass(J/y) GeV/c

[efe” —=y* — JAp JAp : forbidden by C-symmetry]  [hepex/0412042]
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2.(2800): New c-Baryon 281 fb!

_ . [hepex/0412069, to PRL]
> 2500 300; f 't 300; 300/ 0
= ﬁ*.,w Altm | 200 1‘ o ArRY | 200 | +—++.++ Alat | 200 ;‘Ii‘
- t ! . f Sy
S = 00 1 00f i, 1000 L My
S 000 " Wl O Wl % L Wik
T Yield
1000 |- 2810
500 |- o \m\m
Charge-2 Tl
0 04 o5 os
0/+/ 10/ M(AFmy = M(AT), GeV/e?
+/++ +—/0/+
2. — A o
Isospin triplet
S J"'1/2+ JP=3/2- width ~70 MeV
)
L=0 555 significance
N (candidate)
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Plan

Bl  on resenance, = offresonance. [ Iene"ﬁ)’“’fml — - , KEKB iS
' improving

~460 fb!
by Summer 2005

f 1 ab!

in a few years

i U
— il data, ——  OR reseRance, ——  offresenance, energy scan /
X 10 2 - T T T T T T T T T T T T T T T T T T T T T T T T J
3500 : : .

Offline+Online Luminosity (pf)"r ) (day)

&m0 More New

g 2500 j .

L & improved

n~d o

Y 100 results

§ 1000 F

o 8
4%9/}999 T 11/9/2060 572372602 — 1I2/4f20013 — 6[/1 6_000

Belle log total:363364pb"’ S Dafe. SUPGI'KEKB/BCHC
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Plan

80 ORI KEKBLUmnosity - KEKB is
i _ 1mproving
1000 — o : ~460 fb!
44 [fo/mo by Summer 2005
800 1 ab-l

in a few years

|

More New
& 1mproved
results

| llll|lllllllll|lllllllll|lll

2%00 2001 2002 2003 Y2:0;r 2005 2006 2007 2008 Sup erKEKB / B elle

24 /fb/mo.
600

<+

400
Crab Cavity

Beam Test

18 /fb/mo.

A

We are here

Integrated Luminosity (/fb)

200

T T T I T T T | T T T I T T T | T T T
1 1 1 | | 1 1 I 1 1 1 I 1 1 1 | 1 1 1
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D> Summary

BELLE

2003 summer — 2004 summer: 152M — 275M BB
Excellent KEKB performance: Data size ~ doubled !

mm) Significant New/improved results !

* DCPV established ! 4op(B = K*77), Ann
* Stronger evidence: “sin2¢,” = SM in b — sqq decays
e More New resonance observed !

We (Belle) are looking forward to having
higher/more luminosity and New excitements !
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