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Outline

 Today (Feb. 2004)
— Results with 140 fb-!

 Tomorrow ( Aug.2004 ~ Aug. 2007)
— Prospects up to ~500 fb-!

 The day after tomorrow (2008 ~ )
—  SuperKEKB: 5~50 ab-!
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Today

results with 140 fb!




Mission

 Test of Kobayashi-Maskawa model of CP violation
—  Time-dependent CP violation
—  Unaitarity Triangle determination

e Study rare B decays to find a hint of new physics

—  “Penguin” decays

Many other topics (new B decays, charm, tau etc.),
which I do not have time to show !

|
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Unitarity Triangle determination at Belle

b = ulv BB mixing (Am,)

with several
approaches

BY = J/p Ky, Y(25) K,
X1 Kg M. Kg

B' > ¢ K, n' Ky K* K- K
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¢,: Time-dependent CP violation in B° = J/y Ks etc.

Belle
Aug. 2003
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precision
= 9% !

|\ 1.007+0.041(stat)

CCS| =
i.e., consistent with
no direct CPV.
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¢,: Paper submitted in Jan. 04

hep-ex/0401029,

KEK preprint 2003-110

S submitted to PRL

BELLE

Observation of Large C'P Violation and Evidence for On Jan 1 8 2004
¢ b

Direct CP Violation in B" — n*7~ Decays

K. Abe,” K. Abe,* N. Abe," T. Abe,” I. Adachi,” H. Aihara,’® K. Akai,”> M. Akatsu,'®
M. Akemoto.” Y. Asano.” T. Aso," V. Aulchenko,' T. Aushev.” A. M. Bakich.*

Y. Ban,*

M. Bracko. |

S.-K. Choi,*

S

. Eidel
. Ga
N. C.

Observation of Large C' P Violation and Evidence for
Direct CP Violation in B — 771~ Decays
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Abstract

We report the first observation of C' P-violating asymmetries in B® — 777~ decays based on
a 140 fb™! data sample collected at the Y(4S) resonance with the Belle detector at the KEKB
asymmetric-energy ete~ collider. We reconstruct one neutral B meson as a B — 7#tx~ C'P

arXiv:hep-ex/0401029 v1 18 Jan 2004

eigenstate and identify the flavor of the accompanying B meson from its decay products. We
apply an unbinned maximum likelihood fit to the distribution of the time intervals between the
two B meson decay points. The fit yields the C' P-violating asymmetry amplitudes A, = 40.58 +
0.15(stat) £0.07(syst) and Sy = —1.00 £0.21(stat) £0.07(syst). We rule out the C'P-conserving
case, A, = Syr» = 0, at a level of 5.2 standard deviations. We also find evidence for direct C'P
violation with a significance at or greater than 3.2 standard deviations for any &, value.

_2c PACS numbers: 11.30.Er, 12.15.Hh, 13.25. Hw CP ViOlation at 5 oZO

O




Results

Arrx =+0.58 10.15(stat) i0.07(Syst) (151%3;\]
Six = —1.00 =0.21(stat) 0.07(syst) | Bera

regions)

F 0.86<LR <1.0

Raw asymmetry
O

At (ps)

M — B |
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¢, “banana”

LP 2003

T I T T T T
| excludedareahes <005CL |

sing; (WA) and
Belle’s ¢,

are consistent
with other
measurements.

90° < @, < 146° (95.5%cCL)

~1.5 1 1 I I ‘ L 1 L 1
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History of A__and S__

ﬁ g 48 I
E i C—
a; ﬂﬁ: Belle
0.5 / “
. - '_"'_;“f 3
This result &y B B
Belle 140fb-"! 5 abari|
-0.5 i
- [
'1'5-1.~5' S e g g 1511.5

Difference at ~20 level

|
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¢ : the first constraint with a new method !

‘B = D(=Kstn)K*  hep-ex/0308043

¢, (90% C.L.)

n

This 1s the result shown at
the Lepton Photon
Symposium in Aug. 2003

An improved results will
be shown at
Lake Louise this week !

(P violation not
yet significant

e —S— |
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VubwithB = X [ v

hep-ex/0311048 (accepted by PRL)

<102 x10°__
% s < 15} * :
% U 8910 events N; . L HAl bkgd
G ool All bigd (78.1fb1) 5 10
S >
. 10_ O
2 =
:
\r 2r LLJ
. "
0051152 25 3 “5 10 15 20 25
M, (GeV/c?) q°(GeV?/c?)
for ¢> > 8.0 GeV?/c? for Mx < 1.7GeV/c?

AB = (7.37 + 0.89 + 1.12 + 0.55 + 0.24) x 104
V,.5] = (4.66 £ 0.28 £ 0.35 & 0.17 &+ 0.08 + 0.58) x 103
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Hint of new physics ?: CPV in b—sss

virtual particle (top quark, and more ?)

CP violation “same” as J/yKs
within the Standard Model
Penguin~O(A?), Tree~O(\%)

Penguin diagram  deviation = 0(1)%

Breakthrough to New Physics

with loop (penguin) diagrams

20084 1H 25H KEKB Review Masashi Hazumi (KEK)
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Motivation

* One of the best places to discover physics
beyond the standard model (SM) 1n the loop

process

Motivated by large 023 neutrino mixing in GUT context
Atmospheric Neutrinos Can Make Beauty Strange !

» Toward understanding of the baryogenesis
— More than one CP violating phase = breakthrough

20084 1H 25H KEKB Review Masashi Hazumi (KEK)
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Belle 2003: CP Asymmetry in B2¢ K|

140 fb-! 1 FB” — 0Kg Belle

Raw Asymmetry

(A=-0.15+0.29+0.07) At (ps)

+0.09
3.50 off  Belle: sin2@, = -0.96 £0.50 | |@m=—

Current WA: sin(2¢,)=0.736+0.049
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World average ———————r
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A Bonus: Charm of Belle

140 fb-! A new narrow resonance
- 4 1nB* =2 JyatnK*
300__ w’%nnJ/,lp m 301'"'I'"'I""I""l""l""

/

I T

200

X(3872)

100 — —
L ] 0 1
T 1 1 1 1 I 11 1 1 I 1 1 1 1 I 11 1 1 l 1 1 1 | I 1 1 1 1
| | | | h 3843 3853 3863 3873 3883 3893
0 1 1 1 1 [ | L1 L1

0.40 0.60 0.80 1.00 1.20

Mt~ J/p) -M(J/yY) M, = 3872 £ 0.6 £ 0.5 MeV

T, <2.3 MeV (90%CL)

|
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What could X(3872) be ?

 Still no good charmonium candidate

e X(3872) very near the D*D threshold. Does it
imply something ?

* Some more data analyses (e.g angular
analysis) 1s 1n progress. Stay tuned.
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Summary (2003. Feb — 2004. Feb)

* sin2¢, now measured with 9% accuracy !

* CP violatioin in B = m*m~ observed !

 First constraint on ¢ !

e Improvement in Vub

* Tantalizing hint of new physics in b = s CP asymmetries
e New narrow resonance X(3872) !

... and many more new obesrvations for tomorrow !
(recall it is just a few years from the first obs. of B’ = ¢ Ks !

20084 1H 25H KEKB Review Masashi Hazumi (KEK) 21



PRL90,021801(2003)

Ali 01
Belle  som' ’ (6.1 1.4 *tHx10”°
- —.—

BaBar (s2m) (6.3 +1.6 f‘,":)xm"5
hep-ex/0308016 ’
CLEO ee 3im') | <« % <58x10°°
PRL79,2289(1998)
CLEO upu pam' | < { <57x10°°
PRL79,2289(1998) . ,
-6 -5 -4
10 BF(§0—>XSII) 10
Ali '01
Zhong '02
Belle (140 "] (11.5 77 0810”7
LP'03 ;
BaBar [113m'] 8.9 Sa +1.4x10”
LP’03
CLEO 911" | <33x10”
PRL87,1818003(2001) ;
CDF R . 40x10° raat
S e |- . | - Mission completed!
= -6 -5
L BFEBKN) b K®¢r¢~ and X, €€
Ali 01 are all measured
Zhong '02
1 +1.0 7
E,%gle [140fb1] i (4.8 09 iO.3)x10.7 @
R%SBar [113ft_>;] o= (6.9 _1_3_7i0.6)x10 next target:
r(’:leg,gmoos( dony | | < { pai > Precise ng+f—,
(88pb'] | < | <52x10” 2
nep-ex/9905004 a— . ) g- and Arp
10 10 10

BF (B —Kil)
Radiative and Electroweak Rare B Decays- Mikihiko Nakao - p.36/46



Tomorrow

prospects up to ~500 fb!




Main targets (2004. Feb — 2007. Aug)

 Global fit of the Unitarity Triangle (¢,¢,,95, Vub)

Direct CP violatioin in B° = w*n~ and other rare B decays

Rare B, tau, charm decays
— Search for new physics
— Understanding QCD effective theories

New particles

» (Observation of a new CP-violating phaseinb = s !?

20084 1H 25H KEKB Review Masashi Hazumi (KEK)
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Expectation at 500 fb-!

1-— Py -
From | o :
Belle ™ [ S
alone |

| P

|
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Belle
BY = w'n~ : Significance of CP violation P

Feldman-Cousins Analysis

1) Observation of CP violation

< 7 | | |

1_CLat (0,0) = 2.48x10” |

os| B 2) Evidence for direct CP violation

A o |—>3.20

for A_=0 and any S_
DN
1-CL at (-sin2¢,,0)=8.43x104<— 3 30
% _ h3 |

Lo TCtacro=n3sa0r | | for “superweak” case
-1.5 -1 -0.5 S 0 0.5 1 S1 9

| U
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The day after tomorrow

SuperKEKB: 5~50 ab-!




BY = (cc)Ks vs. ¢ Ks

- 50 0 .
900 | B'-JivKs ete. 9716 signals

800 [ iode N,  Duity
200 | WECKTET) 107 09762040
— () K (x ') 288 08240.02 L o 0
N : 3 F BY — 0Ky
Q600 | WSECIRET) 15 0B + ;
Q| S K] 168 08001 - 68+11 signals
~ 200 | Xd(J/m)Kg(m-) 0 092001 | |
2 400 | WEE TR ] N
S } (K+K W)KO( L 070400
L 300 | c< KT
20g | it =-] .
O KY) I 0934000 T L/ ] LT
1 %
524 526 528 53
M, (GeV/c?)
—— B |
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One year operation (5 ab™!)

J/yKs | Input:

% 05 ot SRS t
S e =] | | presen

b = s average

6.20 with
¢Ks alone !
8§ 6 4 2 0 2 4 6 8
At(ps)
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Distinguish different new physics models !

Different SUSY breaking scenarios can be distinguished !

02 03 04 0.5

02 03 04 O.

...... 06 0.7 08 039 1, 05 06 07 08 09 1.
(non-degenerate) Jo6 = 106
404 1 0.4
. “Joz2 Jo.2
9>. | o>‘ i
X 10 ¢ — 410
D {02 @ 1-0.2
1-0.4 1-04
1 -0.6 106
QT —— 1-08 | E ¥ - 1
. ' ﬁ;ﬁnfg 600GeV/c” ] tﬁ;ﬁfﬂ 600GeV/c? ] 08
: ; -1 1 " ] -1
S(9Ks) S(¢Ks)
[ TS B |
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Doable with mass spectrum ?

Very hard to distinguish different SUSY breaking
scenarios from mass spectrum alone (at LHC)

2000 % 42000 @np=30
[ np=: © [ =
§ r SUSY SU(5)®VR Myino = B00GEV/C? > mSUGRA Myino = BO0GEVY!
@1800 [ (non-degenerate) @0/1800 [
o [ s 1] [ POV R
©1600 [ - R ©1600 | _
= [ = ——— = [ -
1400 | 1400 | -
1200 1200 | -
1000 | 1000 |
800 - 800 |
600 [ 600 |
400 F 400 | A
200 | e 200 | —_—
- - 0 1 1 1
Higgs slepton gaugino squark Higgs slepton gaugino squark

quite similar
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Energy frontier vs. Luminosity frontier

yot —~ d b
— w.|.
d u,c,t b d
</

Top-quark physics
Direct production, Mass, width etc. = CDF/D0
Off-diagonal couplings, phase —> BaBar/Belle

This will remain true when a new elementary particle 1s found
at a future energy frontier (e.g. LHC).
e.g. SUSY off-diagonal couplings, phase at a “super” B factory
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T = U y: another weapon

Upper Limit

— e
2.0-4 @CRYSTAL BALL s —~10
} 4E-511.2E-4 @ARGUS — 178 — |
| G I
e /_ e NG i Y. loyMC estimation for T—uy
104k :OI '<:>|4 6 2-51.1E-4 @DELPHI & k
| eI o))
49E- CLEbC-D— A= 3 0E-612.7E-6 @CLEO -
p X: £ E 107 \\
, 2.0E-6 ()BaBar(tau2002) = ‘\\ ¥ \\\\1 i
100 e R e Q Y R
Q \ v S—
SUSY SMIGUTwW VR By 3967 @Belie - \\ v
""""""""""""""""""""""""""""" 173 \
1()*8 e S é 10 . If \\\\
' CNo-BG rase (t=spiitete )\*—\\
SUSY SU(5) GUT wio VR S N T
N T T T O 0 2000 7000
1990 2000 2010 L (ib™)
Year
CTeeee——E———— B |
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Observable SuperKEKB LHCDb

(5ab~1) (50 ab=1!) (0.002ab~1)

AS¢K% 0.079 0.031 0.2

ASK"‘K‘K% 0.056 0.026 X

m— A, 0.049 0.024 X

ASKgKgKg 0.14 0.04 X

AS ok 0.10 0.03 X

sin 2y (Bs = J/v¢) X X 0.058

St 0.14 0.04 x

B(B — X,v) 5% 5% X

Acp(B = X47) 0.011  5x10°® x

Cy from Apg(B — K*41t4™) 32% 10% X

ClO from Appg (B — K*£+£_) 44% 14% X

B(Bs = ptup”) X X O

B(BT — KTwv) 5.10 X

B(B* — Dtv) 12.70 40.30 X

B(B® — Drv) 3.50 11.00 X

sin 2¢ 0.019 0.014 0.022

¢o (7w isospin) 3.9° 1.2° X

o2 (pr) 2.9° 0.9° X

¢3 (DK ™) 5° 8°

3 (B; = KK) x x 5o

3 (B; — D,K) x x 14°

|Vaup| (inclusive) 5.8% 4.4% X
B(r = wy) <1.8x 108
s B(7 — u/en) <1x1078
2008%F B(1 — £F) <1x1078
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Super-precise Unitarity Triangle

20084 1H 25H

H Py ]
Amy
Q ,
Singp 5 b-l

- Ivub'{vcbl 1 . a

0 1 2

P
|
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Super-precise Unitarity Triangle

20084 1H 25H

4 |
£ 0, ]
Amy
5 by
Sirdh 5 O b- 1

- Ivub’(vcbl 1 a‘

0 1 2

P
|
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If no New Physics 1in the mixing

SUSY SU(S) w/ vy
4 mSUGRA
(non-degenerate case)
- 1 — 1
o - E
é 08 :%, 08
E 0.5/ab E 0.5/ab
0.6 - 06
o4 - 04
0.2 - 0.9 }
o - 0 }
—02 [ -02 |
0.4 l 0.4 |
‘kq ;
—06 - 57ab 50,/ab —0.86 - 57ab 50/ab
—08 — -
1 :\\\|||||\\|||||\\|||||\\|||||\\|,|,,‘\, 1 :ll|xll|1|1|1|llx|l|1|l|1|l|1|1|1|l|1|1|
1.4 =12 —1 —-0.8 —0B —04 —02 D 0.2 0.4 -14 -1.2 -1 -08 —-06 04 02 O 0. 0.4
Re(Mnew) Re(Mnew)

consistent w/ SM even at 1% level: still very important information
Combining this with kaon CP violation and Am_; -> sensible test

20084 1H 25H KEKB Review Masashi Hazumi (KEK)
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Present situation: lucky for SuperKEKB !

e We know that

— Standard Model (incl. Kobayashi-Maskawa mechanism) is the effective low
energy description of Nature.

— However most likely New Physics lies in O(1) TeV region.

« LHC will start within a few years and (hopefully) discover a new elementary
particle.

— Flavor-Changing-Neutral-Currents (FCNC) suppressed

« New Physics w/o suppression mechanism excluded up to 103 TeV. > New Physics
Flavor Problem

 Different mechanism = different flavor structure in B decays (tau, charm as well)

Luminosity upgrade will be quite effective and essential.

|
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Summary

* Very fruitful and exciting time at Belle !
— sin2¢1 with 9% precision
— Observation of CP violation in B® = m+m—
— First constraint on f3
— Hint of new physics !? in b = s CP violation

— Many rare decays, new resonances, etc. etc.

e Observed anomaly will continue to be the excitement.

* Physics case at SuperKEKB is compelling ! It will be the
central place to elucidate the new physics flavor problem.

— LHC results will serve as important inputs to us (similar to Tevatron)

I
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Backup slides




Rare B decays

Jawahery (LP03)

Summary of measurements of B>nn & Kn Decays

See John Fry’s talk this morning for more detail &comparison with Theory

= K T8 KK

~ Babar PR Augaist DO
Belle - New Avg

K [,(980)

]l g gonigRinaa g ol g0 B

s
Branching Ratio x 108

<

Thanks to Heavy flavor averaging group(HFAG):

Rare decays: J. Smith (colorado), J.
Alexander(Cornell), P.Chang (KEK)

Evidence Direct CPV ?

20

CP Asymmetry in Charmless B Decays

= Rahar ARG Dy 20T
j ‘l'-.‘ I‘ E K
< o

—— —y K'p
—_— lﬂl*

- New Avg

——— '
———— k™

wk

¥K
oK™
WK
K'a*
K'x

X

JiLt

o ‘]i }+

!

13

KL

| 72

-1.0 -0.5 00 05

Ace

A, =-0.086+0.035+0.014(Belle)
=-0.107 £0.041 £ 0.012(BaBar)
=-0.04+£0.16 2 0.02(CLEQO)
2> Average = —0.09 = 0.03
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V,, measurement
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