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CPIERTFDHALEDEESE

1960

—
D 1964 Discovery of CP violation in K meson decays (Fitch, Cronin et al.)
— 8l 1967 Role of CP violation in the creation of the universe (Sakharov)

1970
—l 1973 Kobayashi-Maskawa’s 6 quark model and CP violation
1974 Discovery of charm quark (Ting, Richter et al.)
—— :
1980 1979 Discovery of bottom quark (Lederman et al.)
1981 Large CP violation in neutral B meson system (Bigi, Carter, Sanda)

[ o o o [ o

L/
t_j_j 1987 Discovery of large B’B? mixing (ARGUS)

1990
—

1995 Discovery of top quark (CDF, DO0)

L

i [ o o o o o

NOO00000004

1999 Discovery of direct CP violation in K decays (KTeV, NA48)
2001 Discovery of large CP violation in B decays (Belle, BaBar)

quark physics evolution just along the KM prediction !

DOO00000000000

OOoooooooooog
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CKM matrix and Unitarity Triangle (UT)

CKM quark mixing matrix Wolfenstein parameterization based on very
Vid Vs m intriguing hierarchy A~0.2, A~p~mn~O(1)
Vea Ves Veb l—— A (AX(p-in) >

O Vis Vb | 1 1—£2 AR [+O
2
l unitarity < AR(=p—in) — AP 1

ViudVub + Ved Veb + Vid\ib =0

|

CP violation (CPV) from
just one “KM phase™ !

Open questions
More CPV phases from SUSY etc. ?

unitarity triangle

Baryogenesis ?

|VchcT3 |
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What’s CP violation ? the first example

This 1s “direct” CP violation

B-— Kl

ol Clw
2 X

Bt > Ktr! Tlaitais @

_I'B 5K z")-TB"'>K'z") 2|T || P|sin ¢, sin(s — s")
CT(B > K x")+T(B" > Kz |T|+|P|>+2|T| P|cosp,cos(s—s')

Asym
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What’s CP violation ?
It 1s a partial rate asymmetry !

‘1_/1 = |y, etse10

w1 = [y leve

A R =
P

\/ g | >\/‘D

IS 1 \ [ — iS, =]
Wy, = [yylet el W, = |W,lee
Asym T2 DT> 20wy, [sin(p - fsin(s =5
DP - [)=T(P > ) v, [ +1w, " +2|w, ||y, | cos(4 - §") cos(s - s")

I R
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The rules of the game
(very important to develop your own 1dea !)

. Find a decay mode which has two decay paths
with different weak phases

° standard model : one of them has VVub or Vtd
*  new physics : new CP-violating phase

II. Two paths should have “static” phase difference.
« strong phase difference
«  mixing of neutral particles

[1l. Two amplitudes should have a similar size for
sizable interference.

Then, you can observe CP violation !
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sin2¢, from B —f., + B&:B »f, inter.

§ /j\/

BO -
S
+ Vi
\/* /
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B -~<
b . i 1
Vt

V* \,.\

October 21, 2003 Masashi Hazumi (KEK) @ ICRR seminar




Time-dependent CP violation

['(B(At) = J/YKQ) ['(B(At) — J/YKQ)

At (ps)

D(B(At) = J/¢YKs) — T(BY(At) — J/YK)
T(BO(At) — J/YKY) + D(B(At) — J/yKY)

Asym = = sin(2¢1 ) - sin(AmAt)

Hadronic uncertainty < 1%
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UT determination at Belle in 2003

with several
approaches

|Vudvu; |

Vig Vip|

BY =>J/y Kgy), w(28) K
BY = 1t Y1 Ks 77, K
03 0y
VedVep | ? (= yes in SM)

B > ¢ Ky n° Ky, K* KK
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Two B factories 1n operation since 1999

Bx{E>1=-tE T F o= IEHh Y

i- -

s . S st S

paz

.......
SLAC/LBL/LLNL e
SLAC-Based B Factory:
PEP-11 and BABAR

nnnnnnnnnn

Electrons

nnnnnnnnnn

High Energy Ring
(upgrade of existing ring)
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The KEKB Collider

* || € energy, current:
e e Enengy, current:

* | peak luminosity:

%, * |Integrated luminosity: 579pb l/day
12.8fb"!/month

Interaction Region

KEKB Collider

<[l = e[l
w @ u @
g - 8 o _
] K i orld records !
7 (TRISTANA umulation Ring) ] B )
'\9 Electron
RF £Ug1 Arean

T ————————
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zs —mmMm™@™Mm™™—™—m————mrmm
B :
°f i [losseevietl Y(4S) T
3 B - BYBY (~50%)
@ ois b L:I _
P 5.28 x 2 = 10.56GeV/c?
‘o 1O : :1 - -
o ! ; *‘., Just above the threshold
| P =
s| o + +I+ ; : *+‘~+ ]
Y(1S)  Y(28)  Y(3S) | Y(48) |
543 46 1000 1002 103+ 1037  los+ 1058 10.62
e'e” Center-of-Mass Energy (GeV)
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Peak luminosity history (1999-2003)

> ~5 BOBO pairs/sec
- ~5 B"B~ pairs/sec

"'ﬁ | o . .
E 10 - Increase of Peak Luminosity -~ J«— design luminosity
: ! 34, 2
S 1.0567 1?3 Jem’ls on 2003/5/13 (KEKB) (1 %103 cm=2 S'l)
S 8 6582107/ */s on 2003/6/19 (PEP-II) . .
=0 —— achieved in May 03
g
£
E | at 1 x103*cm=s’!
= 4] ~10 Y(4S)/sec
@ l
M
|
|
!

2000 2001 2002 2003
Year
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Integrated Luminosity (/fb)

Integrated luminosity: 1999 - 2003

e meeraed Luminosty foeeed . 158fb! logged by Belle
: KEKB /, (July 1, 2003;
:12 / / on + off resonance)
100 | :Lt///
" PEP-1// 3
j // 1 Most of results shown today
N /’ / | based on on-resonance data
wf /,_/ | taken by July 1, 2003 _
2 = // 140fb-1 ( 152 million B pairs)
0: ..... “/'_/ .........................

7/1/99 1/1/00 7/1/00 1/1/01 7/1/01 1/1/02 7/1/02 1/1/03 7/1/03
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e Belle Collaboration
ot U. of Maribor
U. of Melbourne
Sl Nagoya U
Chiba U. goya "
Nara Women’s U.
Chuo U. .
5, . National Central U.
U. of Cincinnati ; )
Nat’l Kaoshiung Normal U.
Frankfurt U. s,
, Nat’l Lien-Ho Inst. of Tech.
Gyeongsang Nat’l U. : :
- Nat’l Taiwan U.
U. of Hawali )
: : Nihon Dental College
Hiroshima Tech. .
IHEP. Beiii Nilgata U.
ITEP’ cJing Osaka U.
K U Osaka City U.
K;r:?gawa : Panjab U.
Peking U.
Korea U. )
Princeton U.
Krakow Inst. of Nucl. Phys. :
DI Riken
Kyun c.)ok National U S
yungp ' USTC

U. of Lausanne
Jozef Stefan Inst.

Seoul National U.
Sungkyunkwan U.

U. of Sydney

Tata Institute

Toho U.

Tohoku U.

Tohuku Gakuin U.

U. of Tokyo
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Tokyo U.of Aand T.
Toyama Nat’l College
U. of Tsukuba

Utkal U.

IHEP, Vienna

VPI

Yokkaichi U.

Yonsei U.

~300 collaborators from >10 countries



The Belle detector

Silicon Vertex Detector
Drift Chamber
Time-of-Flight

Belle detector

Aerogel Cherenkov
N Csl calorimeter
' . and p detector
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Bep v | CP eigenstate

theccee »

AZ = cfyrs ~ 200 1m
Az

—At
c By




Five Physics Groups at Belle
— 3 groups for B physics

Indirect CP

(time-dependent
analyses)

Direct CPV
Rare Decays

e

76 submitted/accepted papers as of now
to PRL (42), PRD (19), PLB (14)
\ 7 4

“First author group” (FAG) introduced at the 19t paper and
~60% of papers have FAG since then.
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Branching Fractions of

D

<[DO
Neutral B (taken from PDG96) T
1
161

102 J

10% -] ir
4 £) N
gl ot L 3 | LA i i3
= 3 | 3 = |
10‘%— S . S B W . o5 281
= o c x| o' o |o"
= = 3 * A S5 < 3 I
6.5 3 3 = ==
10 7o -3 i SIE R - Eaa
1 0-176_4 _ I I I QiD I U,I I 4ID I I CDI 6;0' I Iw I SIO ' ' I U.:ioc' I . ml 17i: I
126 decay modes in PDG96
e I ]
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Observation of rare B decays (1)

B — Kn, nn, KK

B — (n,n)(K", 7, p)

B — (0, 0,)(K", .7

- Eaﬁar P0G 2 HIAG Angust 2007 Cl-(ﬁ-"(ﬂ.(j August 2003 = n
= DElE. - NewAv 0
~ GLED g g 0 o o ﬂ-fTﬂg Rugust 2003

; B npo - pabar - - o' « Babar

K, (980) =P ~ Belle + Belle
E— T - S - CLEO
e o + New Av — == &
s g = g NewAvg
=== KX - = *

J'IJOJ'IJO [ %% — 0K
e n K .
S 4 == i 0
g i s +
= K'T,080) -
b KO 0 S P / +
—_— T — np - m
== Ky v 7K’ " — ok’
— K+J-[' ﬁ_ﬁ.:=n i — ”
= ML —=— oK
— K'n _._?—-Q_E=‘1,K+ ==,
L1l 11 | Ll 11 | Ll 1 | N T | Ll 11 In e [ | I T A U T T O Clog |
0 10 20 0 25 50 75 109 5 10 15 20 2!
Branching Ratio x 108 Branching Ratio 10°
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Observation of rare B decays (2)

B— (K m)K"p) B —(KY00p)K"0p) B—3body, charmless

WF’A@ ﬂugust 2003 e ‘]-f‘}'ﬂ(j ﬂugust 2003 |y U-(Tﬂ(j August 2003
*+—1U L
KN ~ Babar K°K" L kgt ~ Babar
— + Bell EER O S + Belle
o CLEO
+ K7 + CLEO o - K'7r'(NR)
- Ky —y . +50 - -
= &' K%+ NewAvg 0K" —= KKIfK“f i New Avg
—— " (L)p+ — +717_ .
et kT ! o = K Ka‘cﬂ .
0 K'K'n
—
+ 0
= ' K p K() )[) : pﬂp() e Babar I KSKSKS
— L, Kly* K ~ Belle T T
L1 T wr ~ CLEQ + KKK
e —— Ko - Lig¥ =y WIGKE
i —— L X * New Avg = KKK’
—e— — ¢p il K+J'IJIJI0
. 0+ = % 0 —
o i +0 = S0 — K'r'r
I n'm - . —_—, p+ pﬂ ; KOJ'IJ+J'|:0
= e L — 0'p —== K'n'n’
T e T | | | T | l [ Y I B | | | | | | I | [ i | | ] | \ | | l | i i | | | | | | 1 i 1 i I 1 1 1 | | | i | i | [l i 1 |
) 10 s 1000 25 50 75 100

20 30 40 o5 50 75
Branching Ratio x 106 Branching Ratio x 10° Branching Ratio X 100
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Observation of rare B decays (3)

B— (s,K" p. 9)y

HFAG August 2003
= O K, (1400)"y
+
[ ;05
—— K4y K (1410) y
= K'my
- Babar
.l ~ Belle
e £ -~ CLEG
) Oy - New Avg
= K'mn'y +0
K'p'y
— K o Y
K *(1430)"y
—_— 2 N
K *(1430)"y
s K'oy K'(892)"y -
e K (892)"y
———mpa—— gy (times !/10)
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
0 25 50 75 100

Branching Ratio x 106

B — (s, K*) #/

- Babar HFAG August 2003
- Belle - New Avg
- CLEO eus
Sére
- SI!+I !—
#—Set”:
—e e K'(892)¢ e+e-
——— K @2u'w
o —— K (892) wouw
| K (892) w'w
e K (892)¢ce
L K'(892) e*e
K (892)%e
s> Kttt
L & Ku w
- Ke'e
= e Kgu'n
— = K'e'e Kie'e
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 2D =) 1D 11

Branching Ratio_x 106
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Direct CP Violation

CP Asymmetry in Charmless B Decays

s Babar HIAG Ayt 2007
* Belle J K
+« CLEO * A
- New Avg —— KQ
=——— ——— om
— +_0 .
= = not yet established

-1.0 -0.5 00 05 1

T
October 21, 2003 Masashi Hazumi (KEK) @ ICRR seminar 29




AR =F%
DEE



Time-dependent CP violation
Analysis Procedure

£2 B0GaVe —apClee’ Bep .7 ‘CP eigenstatel
et: 3.5 GeV RPN

Az = cfyry ~ 200 um

o
S
N
o0
Q
O
<
~
(@)

[\

| K Az A
Flavor tag — A | By ¢

* CP eigenstate reconstruction

* Vertex reconstruction (Az)

e Flavor tagging

e Unbinned maximum likelithood fit
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Kinematic variables for the Y (4S)

-_ -
120 C T T T T T T T T T 2] [ T | l L '. i? L
t, -- [ NI ] . i E :
% .+ '-_ _ ] ._I ) -III.I_:. :
ECp R -5
Tl e 2
= “;:‘ . - :'i_.fi': :
LR

Baaare o rarrmioes Meas (Gra'c )
] I ] | ] ]

AE=E,; +E; -E., /2
Beam-constrained mass:
My = (Ecy |2 =By, + Br, )’ S —

Eomrins's Blaa'es s
F
|

N
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Continuum background suppression

Y (4s) resonance

Pt
1o F i i - N
B Ao T ]
) + - + ¥ +a +
‘F ey Ll X Sty M — Rt T

.
p=Jheuey EE;LS)lO:OO z_(oiS) loli(3820137 To.5a S(:E)ii) o562 Contlnuum:
e e Center-of-Mass Encrgy (Ge™W) <:|
ete— = uu, dd, ss, cc

6(¢'e - Hadrng))

use kinematics and topology to separate
spherical B decays from jetty qg events

spherical jet - like
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Belle 2003 : CP eigenstates (b = ccs)

hep-ex/0308036: full paper in preparation

140 fb'!, 152 x 10° BB pairs

1000

Mode Ney  Purity

INEOK ) 197 097620001

TI(eH )KL () B 0824002

VOO ) 15 0834001

W8)(Jrta ) KS(ateT) 163 0.8840.01

YalJ oKL rte) 00 0924001

Tl KoK =77 )Ko(n 1) 123 0.72£0.03

KO T 070400

nelpp)Ko(nt 1) 0 0914002

: i All with ¢ = -1 2911 0933 £0.002

| B r— JJo(EE)EES) 174 0932001

5.2 522 5. 24 5 26 5 28 53

Beam Constrained Mass (GeV/c’) 2911 events are used in the fit.
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Belle 2003: B® 2J/9¢ K, signal

i 1399+67 K .

600 - signal B
; O J¥K -

+ O JM K XBG, K| detected A

400 i @ JW¥ XBG, other =
' B combinatorial BG .

200

0.0 0.5 1.0 1.5 2.0

pg (cms)
[2332 events with a purity of 0.60]

S
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Control samples

for resolution function and wrong tag fractions

Eﬁﬂl}l} Bl v v background : |
5000 Il o©Other background :fl

1000 * Mode Noy  Purity

oo D*y o D*= (v 84933  0.781

o D~ 12528  0.873

1000 e D—wt 11560  0.903
e D*pt 9419  0.907

. ' J/Y KO (K+tn™) 3681  0.954

hadronic (all) J/WKY () 1997  0.976

BY total 124118 0.817

S, oo DOt 48535  0.782
3 S oo J/YK+ 8770 0.966
g™ S BT total 57305  0.810
£ § ool BY + BT total 181423  0.815

5.2 5.22 MS::EGe V5;2062) 5.28 5.3 -0.2 -0.15 -0.1 -OgﬁE(ée‘s.)OS 0.1 015 0.2

C |
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(OF-SF)/(OF+SF)

Belle Tagging Performance with control samples

0.5

-0.5

0.5

0.5 |

0.5

0.5 |

0<r<0.25 0.25<r<0.5
N JEURSERIRN_RECRRRSE.
[FEESospe ot g b= f M&. oy =
T
- 0.5<r<0.625 F0.625<r<0.75
o, ——=e
|

R R TR
g\R\O;75<I‘SO.875

R
S

0|

I R R
&\é).875<r£1

October 21, 2003

) A i Xﬁ'
E L 2
IR R NN SRR S N NN N A [ B R TR
0 5 10 0 5 10
|AtI(ps) IAtI(ps)

6

B —B° mixing

(OF-SF)/(OF+SF)
~(1-2 w)cos(Am t)

Amy = 0.511 + 0.005 pst
(PDG2003 0.502  0.007)

Y (1 —2w)? = (28.7 £ 0.5)%

[=1

12 r-bins, 6 divisions inr.

B9 and B tags treated
separately.

Masashi Hazumi (KEK) @ ICRR seminar
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Proper-time difference (At)

. . Lifetime fit with control sample
m |[P-constrained vertex fit

/ _ - Resolution function
IP profile &P
~===E g
y \
T-»z {4
(/4]
&
= ~ 10°
@
’ : c
'f-, o~ g ,
j — T 10
resolution 0

e 15 = 1.533 + 0.008(stat) ps
(PDG2003 1.537  0.015)
Tg+ = 1.634 + 0.011(stat) ps _______
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Analysis Procedure Summary

(D CP eigenstates with high purity.
® Purity ~90% except for J/w K, (~60% for J/w K, )

(2 Efficient flavor tagging.
® Effective efficiency = 27.0%

@ Efficient vertexing with good resolution

@ B lifetime and mixing measured precisely (high stat.
control sample)

— Ready for unbinned maximum likelihood fit
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Time-dependent CP violation in B = J/w Ks etc.
".I'_,._r.. HE L

Belle 2003
Poor tags
[P IR I B A |7\'CCS| :1007i0041(8tat)
&[] 0.5<r=t1.0
u 0-5+ ,,m,+,,,\++ i.e., consistent with
4 + S direct CPV
= 0 o no direct .
< i |
Good tags s PR {
05|
§ 6 4 2 0 2 4 6 38
At(ps)
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CCoee— I T reees—
ALEPH 0.847)0% +0.16
b +0.41
[(é(l“)mF} | 0.79 944
BaBar / 0.12+0.37+0.09
LFE) q +0.43 +0.07
](?Eeohlo% ® 0.457 43 “0.09
BaB ! —e— 0.34+0.20+0.05
(Feb?ZO{E)lII; : J—
Bell o 0.58" .
Feb. 2‘3003 | = -0.34 -0.10
BaB | 0.59+0.14+0.05
(JulyaZ{](?II;
Belle 0.99+0.14+0.06
(July 2001)
BaBar o 0.741+£0.067+0.033
(July 2002)
Belle o 0.719+0.074+0.035
(July 2002)
Belle o 0.731+£0.057+0.028
(Aug. 2003)
World average ! N 0.736+0.049
1 I : 1 I 1 1 I 1
0.5 -0.1 0.3 0.7 1.1 1.5
sin2Q,

I T
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1.5
Unitarity triangle
as of August 2003
P 0.5
JT 5.3'7‘& — ﬁ ' i

KMETJLIE

CPOEND

[ EEE &
A Y

October 21, 2003

" | mocluded ama has < 0035 CL

- amy

ﬂmE&ﬂmd

TS
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0 5
B 7" and ¢2 (0[) PRD68, 012001 (2003)  pgrasy

i : -~ . . :
free < . pengum 7~ A (direct CP violation)
» u “"

b

- can be large

T(EO — fepiAl) = e:”’Bo {1+ g[S sin(Am  At) + A cos(Am At)]} first constraint on (|)2
78° < ¢, < 152°
Large asymmetry Evidence for CPV (95.5% C.L.)
0E () 0 4=+ (ﬂLS) =(0, O) 0

: MR \
U S . WA Y A N
MR

0F P/TI=045
SN RPN IS N B 20 150100 -50 0 50 100 150

" > U T d (strong phase diff.)
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BABAR (Summer 2003)
~0.4040.2240.03

Belle (Winter 2003)
~1.23£0.41£0.08

Average (Summer 2003)
~0.56+0.20

World average

‘Summer 2003

\\:‘\\\\i\\\\

25 -2 15 A

S

nn

October 21, 2003

BABAR (Summer 2003) |
-0.19+0.19+0.05 S
Belle (Winter 2003) |
-0.77+£0.27£0.08
—0—

Average (Summer 2003)
—0.37£0.16 ',

-
L ‘ I ‘ L1 ‘ L ‘ \;\ - i L1

0.5 0 05 25 -2 -15 -1

0.5

0 0.5

Cm (: _‘ﬂ'ﬂﬂ;)
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¢, with B+ - D(ﬁKSﬂ 7)K*

b K Vub ) u

s _ K ~ e =
W+J’J ” It » \‘\
s Y B VCS =
b Ve, ¢ s
+ —0 K
B g D u u
M, ~ V::bVJS ~ A)N3 My ~ Vub‘/::s ~ A/\g(p-i-in) ~ e'¥3

If D? and DO decay into the same final states
B' — DYK and B" — DK interfere.

Mixed state is produced: |D® >= |D° > +ae?| D" >

_ VsVl | Jaal| _ ~ 1
0= [V o) = 0.09/0.22-0.35 ~ §
=0+ ¢>3

Suggested by A.Giri, Yu.Grossman, A.Soffer, J.Zupan: hep-ph/0303187
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O, with B* = D(=>Ksz 7)K*

Use 3-body final state, identical for D and D°: K ntn—.
3-body decay is characterized by 2 variables: mf(sw+ and mr‘;(lm_.

Dalitz plot density

2 2 2, 2 2
dcr(mﬂ,swhmh-.m_) ~ |M| deerde‘m_

PN pt s My =) = |f(Mic e M =) + @™ f(mie om0
2
‘ 3
— + ae™%
t . - -
——— e —
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®,, O; and Unitarity Triangle

BY > ntn~ B BT = D(=Ksnfn)K*

95.5% C.L. e

$,=78° =118 ¢,=1520 93(90% C.L.)
\ / n

Belles1o N}

P

£ heprex/0308043

B 061
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e O, FIOTDAEIE (TNMhiDf=!)

e O, FIOTDAEIE (Chhdi=!)
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bosARUXE
KHIDCP DI




3L, (FEAEFESL TULVALY

Unitarity triangle
as of August 2003

=

E|-7"d~ ﬁ'

KM=ET)LIZJ:

CPOEID & °

Iy

-sIIIH:HJt

A Y
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 No KM phase 1n both decays

b
Vl\,l"'ﬂ<
Ves

d

b—ccs

Veb

S

d

Standard Model (SM) prediction

Jy

Ks

BO

b—sSs
Vie w Vi Ly

Ks

* CP violation only from the phase in the mixing

EHELE Asym = sin(2¢1) - sin(AmAt)

VublZ&KBIFE IZ20MAPE->001)%

October 21, 2003
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b—sss and New Physics (NP)

* b—s penguin : sensitive to new CP-violating phase

SM
= W —
b S )
B0 t% ES— -+ =0
g oy
_ S Ks
Lt d |

S #sin2¢; >

NP
ex)squark penguin
. =
5, 4%
e
| d :
New Physics

October 21, 2003

S_

Ks

S
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b = sss candidates

a0 | @) B® — oK% 68+11 signals
106 candidates

~ 20 purity = 0.64+0.10
; 10 efficiencyv=27.3%
G Of .
& 100 199+18 signals
8 I 361 candidates
oS 50 purity = 0.5510.05
~ L efficiency = 15.7%
[y —
£ 150 | 244121 signals
W 400 421 candidates

50 ' purity = 0.5810.05

~a efficiency = 17.7% (m’=>nx'n)
%32 522 524 526 528 53 b e TSPl
M, (GeV/c®)
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CP Violation m b — sqq

hep-ex/0308035 ===== = Fit
@ 152M BB | e sin2¢,

1| B > gKg T 1 f| B > KKK i BY—> n’Kq

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _-.15:0.0<rgo.5 —1—

il |

o
ol

Raw Asymmetry

05 F

o
}/ L

3.50 off

£S —0.96+0.507097  +0.51+026+0.057%8 +0.43+0.2740.05
A —0.15+0.29+0.07 ~0.17+0.16+0.04 —0.01+0.16+0.04

N
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WOﬂdaVGrage lOPAL9|8|
(Aug. 2003)

+1.8
32 ,,105

ALEPH 00 I

+0.82 I
0.84",,+0.16
CDF 00
0.79+0.41
-0.44
BABAR 02
0.741+0.067 £ 0.034

Belle 03
0.733+0.057+0.028

Average (charmonium)
0.736+0.049

BABAR 03
2 6 0.45+0.43+0.07
. G Belle 03 i .
+009 |} B |
-0.96+05" .,

BABAR 03
0.02£0.340.03

Belle 03
0.43£0.27+0.05

Belle 03 ors
0.51+0.26
Average (s penguin)

3 . 1 G 0.24+0.15

Average (All) i
0.695+0.047 :
!
0

Charmonium Modes

OKE

i
|
I
1
1
1
I
|
1
1
1
1
I
|
I
1
1
1
I
|
I
1
1
1
I
|
I
:
1
b
1
|
1
1
1
|
I
I
1

0

n'Ks

F—e—

KKK

& ‘Summer 2003

0.5 1 1.5 2

from ‘“charmonium”

-3 -2.5 -2 -1.5 -1 -0.5
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World average
(June 2003)

October 21, 2003

Charmonium Modes

S | 9Ks

n'Ks

KKK2

OPAL 98
32" ,,105

ALEPH 00

0.84 724016

CDF Q0

+0.41
0-79—0.44
BABAR 02
0.74140.067 £0.034
Belle 02
0.719+0.074£0.035
Average (charmonium)
0.73410.055
BABAR 02
-0.1840.5110.07

Belle 03 i

-0.7310.64+0.22 °

BABAR 03
0.02+0.3410.03
Belle 03
0.7140.37

Belle 03 .
049+043" 7,
Average (s penguin)
0.19£0.20

Average (All)
0.701+0.053

EEEY SEET ECEECTT

N S eee—— R [ ——————————

|Winter 2003

-2.5 -2

-1.5

-0.5

sin(2p)

0

0.5

1 1.5

2
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BaBar 2003:CPV in B> @ K|

a0}

BABAR

preliminary

BaBar 2003: 110 fb!

B? Tags
S

B’ Tags
S

Asymmetry

(A=0.38+0.37%0.12) T At

BaBar 2003: sin2 @ | (@ Kg) =+0.45%+0.43=+0.07
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BaBar 2003:B 2 @ K Systematic Issues

81167 sin2 @ . (B Ky =-0.1820.5120.09

!

10 fo: sin2 @ | (B K = +0.4520.43%0.07

Data size increased and was reprocessed. Extensive
checks with data and Toy MC. The large change is
attributed to a 1 O statistical fluctuation.

N
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b = s “anomaly”

=Bl 0)/\/#/” Fnet. ..

s -'-'-

oKeT2 T, %0)11130)%
Shd, ThORE—FET

1'I"

BE(CHI NAEAR

/':J:O—Cifd:éo
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H. Murayama (LLP03)
Consequences 1n B physics

Aty I S I e S Ve A B AT e e i SRS PP

| Motivated by large 623
| neutrino mixing:
In GUT context,
Atmospheric Neutrinos 5
Can Make Beauty Strange |

gt Excluded
FEE s "‘.'7 by b—sy

-~ .

i
[

m’é

n NS

200 250 300 350 400 406 S0

Mg3 (GeV)

Probes if quarks and leptons

150

have common orzgm of ﬂavor



Super B Factory



Super B &[&?

. Iﬁzzl_:ﬁﬁl_i'::'—c HAZESD 3

L=/ T4(1.05x103
cm2s )& 5 HKEKB
e+e—2l7’f’5‘ —D%EEZ .
Sz

5015 (5x10% cm—2s1)

[
>
(%Y
=
=
E
H
=
B.
=
=8
St
=
o)
=
=
o
p—
=
—
=
T
—
[ Y
=
-t
s
=
R 1

. - -2 -1
Peak luminosity (cm “s )
[—
—
(&S]
[FSY

(5]
2

‘ T%)n'ﬁfo 107 ~e-I5R
-':—FEﬂl()O{ﬁﬂEO)BE:IFEﬁ% . D;):us.nl) W
. BEORE. NBEBX v
BFIFAT H(KEKB/Belied v /RI/-S«A
Major Upgrade), W

1975 1980 1985 1990 1995 2000 2005
Year

N
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B = (cc)Ks vs. @ Ks

L=5% 103 = 1999-2003 data set (158fb™") in 1 week

900 | B°—JyKY etc.

2716 signals

800 | ode Ny  Purty
(K (rte) 1997 09764 0,001 &0 0
700 B 5 0K
o | e ) 28 082400 - S
O 0 .
2600 | ¢29)(HH) K( M5 0934001 0 68411 si
S _ F 68+11 signals
D _ st kee) 1 0sz00 A g !
& 900}, (J/U’})Ko(ﬂ , ) 01 0924001 ;
BT ) 13 0m£003 20

vents/
N
(@]
(a»)

1
(

'nc(lﬁh)KO( ) M 070+0.0
(

Events / 2.5 MeV/c?

15 |
L 300 | k) N 091=002 | J[ } J{ﬂ Wl
Ml vith £ = -1 W01 0933002 0 iy, Tl n]
200 =T §K*0(Kg T 0B 1 5ﬂ ]LHJ[ i T]l i fIrt
100 :

e

0 - | .
9.2 H.22 5.24 5.26 5.28 5.3
M,o(GeV/c?)
eI TS
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n[ /”/- {J; 7’?
Higher Liminosityf
b Factory

Sep 24-26 2003\
|ZUu,Japan

http://belle.kek.jp/superb/workshop/2003/HLOS/
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Motivation for L =5 x 103

e New PhysicsD FE R IMBIREE I~

— by restricting couplings and phase of new particles with mass ~
1TeV, which can be found at the energy frontier

(hun|
|I.I.IJ

— IBEmA - BRI — B DEERENSDT LD/
B—2 (AR T4=ABIE. T —LD—ED)

=Uwe - :
= ¢ )
- £ =i -
New Physics® [ DNA#E 7E | Sa.
= A ,;@=
, e,
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Goto,Okada,Shimizu,Shindou, Tanaka

» N ~ 473 . PRD66, 035009 (2003)
7 O—/\)LIZEEHT D —151 hep-ph/0306093
SUSY breaking mechanism® [&] 7
Bd- € Am(Bs) B->¢Ks |B->Msy b->sy
unitarity time-dep. CP | direct CP
mSUGRA _ _ _ _ - +
SU(5)SUSY _ + + _ + -
GUT + vr
(degenerate)
SU(5)SUSY _ _ + + 4+ +
GUT + wvr
(non-degenerate)
U(2) Flavor + + + + 4+ ++
symmetry

3ol 4% 3o small deviation

++: large
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KS: %Eﬁ*ﬁl

% &Ldiscovery potential

BY = ¢Ks, 1

region for
5o discovery

30ab-1
i 3ab-1
DREEE

gluino mass (GeV/c?)

stat err. | 3ab’! |30ab!

lab’! = 10%fb! © 10° B pairs
85(¢KS) 0096 0030 3ab-1 _ O.Syear, 30ab-1 ~5 years
5S(17Ks) 0.054 0.017

October 21. 2003
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RAExADZEYY (byHHEK)

J. Hisano and Y. Shimizu (hep-ph/0308255)
Strong correlation between Hg!% EDM and S(¢Ks)

S(¢KS) DARZ1ET NI Hg EDM vs S, (1)
RO, SYRSHERS, —
EEREICESTIE e
SUSYDMEZE LYmBAL !

Cancellation between d5 and
qe.

Preliminary (T.Goto, Y.Okada,
Y.S, T.Shindou, M.Tanaka)

mix - .
A op B,— ¢K)

=
i

r SU(S) @ v,
| tan B =30 non-degenerate |

o 10'.36 : 1029 . 1043 L 1 027 : 1026 . _.1..(.).-25

| {-"I“; [ [ecm]

Y. Shimizu
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;:‘ au: T L] T T I T T T T ¥
: ol @K'y N L
B 60f. Yield 452.8+24.2+5.0 ,l Yield 146.5 +13.7 +3.5 ['| 20
- ol i 15
: 40F -
i.—: 30F- 1 10 ‘g
> 20f >
g 10 _pll.“ﬁw["l" SRl A "‘_n__wa-uﬁhvnﬂll 5 g
= 18F B =
. g 1af (o) K'ndy ﬂ 8
> £ 12F Yield 86.4+11.1:2.4 i =
< 0O C  q0F c
= w 10
b 4 N hl
6 ! |
= rd 1
4 j
Eo Jlﬂﬂ"_JJL o j il | ”
LR ,
(b) 8552 524 526 528 52 3

Beam-energy constrained

D L
\ Ks mEanEEs 2 YT

— : I
Constraint from B decay point

ES#H+3/02 (~BOx-yFE TOHREEHE

B |
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Direct CP violation in b = sy

004 L B B e S LA B
r mSUGRA | .. . U(2)FS 1
tan =30 T i. - tan f3 =307

-0.02 -

-0.04 ::::}::::{::::}::::}::::"::::.'::::'::::'::""":-

oy | sumey, Lvl(stat)iO.S(sys) %

tan =30 | tan $=30 |

I 3ab-1

ool I ': 30ab-1
| 0.4(stat)£0.3(sys)£0.3(th) %

L degenerate 4+ nmon-degenerate

(a) 0 500 1000 1500 2000 0 500 1000 1500 2000 2500
m(g) [GeV] mig) [GeV ]

I
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Super B

IL
L1

2851753 o 2tHKX D

« Time-dependent CP violation (S)

— BY - ¢Ks
— BY—> p'Ks
s BOAK*O'Y

« Direct CP violation (A)

— b = sy (inclusive)
* Forbidden decays
= b TT=r

« ZOMICTEBWNAIESDHY

Beyond the Standard Model DE R T=ET

October 21, 2003

NFOVTREHE ~22~0(1)%
RifftiR =
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Upper Limit

TSy
’C'—EJEFEﬁ 1001&»13 ~3><10 (90%CL) @ 3ab!

- Tl =
2064 QORISTALEAL = [Vl
3 4E 511264 OARGUS — 16) = N ‘ £
/ 5 VToyMC estimation |
10k 'OI IOl _HIEHE4 QDEPH o
g Q
@CLEOC-)- = £4)TESQOLEO -
T it s ST
SUSY SM/GUT w VR 3.1E-7(Belle03)
10‘3- ......................................................
SUSY SU(5) GUT wio VR
1990 2000 2010 N RN Nz~ s a7 Ahdn
Year L (fb1)
e — e
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Search for new b—=2s phase in B = ¢@Xs

(M. Hazumi hep-ph/0303089)

b C@d’ ()
C 0 b
+ NO¢
Resonance S FCNC > S K K-

 Standard Model (SM) -> direct CPV ~ 0

 with New Physics (NP) = direct CPV can be large

e CP asymmetry of ~0.4 1s allowed.
 Even larger if we use Belle’s new result on Br(7, = ¢¢)
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(La Thuile
Mar. 2003)

Observation at Belle
hep-ex/0305068

observation of BT — ¢pK ™ decay

L

First

02g = F bl & > E
= @ r E @ o
a1 ; = s ) ;_ = :_
01 E & E ﬂ 01 E & E
= oesE = *E = 005 E P E
S of- T sf S of T of
- = . - = F
w008 I 2 008 E = aF
-01 E F 01 E-. E
T - 1 ’—I_l H_H 4 E 1F
~ - L - - B P L
o pE = 1 i r E i 8 “AH,._.LJ....I‘
‘ez o328 828 6278 <2 01 o o1 0.2 2 &328 62 6276 53 -0 01 0 0 0z
M, (GeVic?) AE (GeV) M, (GeVicd) AE (GeV)
> 45 F 3 - P . = E- E + "
2 4E - K™ ¢ ¢ 2d-fit = E. - NP ¢) K& 2d-fit
= oasE — GfF bk, E- - -
8 3F B sE °“Ng=73 +32-2% 2z E E E NJ=70 +30.-23
T ssfk -l B Y r=51 T E - E ® =988
i o b J = “F 1 i E = E X
18 % b E 3‘ E "‘% E q“"
1 b . 2 a E. l . N
0.8 % E. LN
- il | : Al o —q
52 65215 828 5275 6.3 o 10 Z0 5226 638 6275 & 8 10
M, (GeVicH) N M. (GeVicH) M.

Belle preliminary L — 78 fb—!
(Bt = oK) = (2.6153 +0.3) - 106 (Myy < 2.85 GeV/c?).

(Bt = n.Kt) X Bf(n. = ¢¢) = (2.27394+0.3) - 106  (2.94 < My, < 3.02 GeV/c?).

* Almost background-free in the 77, mass region !
* 3-body decays also observed with a reasonable branching fractions
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3G discovery region (with ggk* only)

obtained by unbinned maximum likelihood fits to MC pseudo-experiments
"= branching fractions based on Belle’s observation (hep-ex/0305068)

¢ 1
09 k (30ab!, #2=0.5, sin@y, = 1)
0 = ﬂﬂ
0.7 E B B
0.6 : A} L
N‘- 05 ;;f,u- é HE "
04 _ 5 s { ?:40 i H
. i i
03 F pap } ruf i
02 F @ .
01 : il i N
| L
0 01 02 03 04 05 06 0.7 08 09 1 Hy |
T R vy e e
|S|n®NP| ol magn s (G ob vt mas e (GoVi
°r : non-resonant decay amplitude ratio direct CPV seen clearly
between NP and SM o .
+®,, :new phase better significance can be obtained

e —— with semi-inclusive ¢¢)(SlL anaIYSiS ——
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P@K* and ¢Ks

— 00K* (= 0.5)
....... OKS (|Ayp/Agyl® = 0.5)

- ’
- '¢'~~,
I 1 I 1 I Ll Illllll I‘Q.‘rl ‘}

significance at 3ab”
O - MNDNWPH>OTO NOO®OOo

150 100 50 0 50 100 150

O\p (degree)

Both are important !

R
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Of course not a complete list...

Observable 3ab ™! 30ab~!  comment

SoK s +0.096(stat) £0.030(stat) Spxs — Sy/yrs in SM 7

Syks +0.054(stat) £0.017(stat)  Syrs — Syprg in SM 7

S0k NA NA Doit!

SK0(L K gn0)y NA NA  ~ 1000ev. (before VTX) at 3ab~!
SirpKs +0.017(stat) +0.005(stat) error with J/¢Kg alone

gy (mT77) +5.1°(stat) +1.6%(stat) +5 — 7T%(EWP) for |AY|

o2 (p) +3.5°(stat) +1.2°(stat) systematic error ?

¢3 (Dalitz) +5 — 7°(stat)

o3 (ADS) +9°(stat)

V.| (inclusive) +6.0%(total) +2.5(stat)43.1(sys)+4.5(th) %
Acp(b— sv) 1.1(stat)+0.8(sys)%  0.4(stat)£0.3(sys)+0.3(th)%

B(B — Drv) need more BG study

B(B — Tv) 50 3 modes combined (0.1% full. rec)
B(B — Kvv) 490  0.1% full. rec

B(r — py) <3x107° <1x107°

B(r — p/en) <1x107® <1x107

October 21, 2003
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LHCb& D EEER

e Time-dependent CP violation (S)
— BY - ¢Ks
— BY—= 7n’Ks
— B> K0y
 Direct CP violation (A)
 Forbidden decays
—~ t>py |LHCblEr = ppupZHE?
e Unitarity triangle

— ¢1 EH£A (SuperB 0.017 © 0.022 LHCb)
- -~ Super BEDH AT A
R

— Vub
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Luminosity Frontier and Energy Frontier

B factory Tevatron

IE,T:E top quarkd)coupling top quark
B@OCPD4 5t

4% e B factory LHC
= HTLUVRFLF Dcoupling LN
(FTILLVCPOBENFER) =

RALF
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SuperBelle Super KEKB Overview

New IR design

¥
p%
P Crab cavity

‘ Ante-chamber/Bellows/Masks

New

ARES/SCC
New beam cavity
monitors g
\
C-band » #% “8, Damping ring
structure Q : g

Beam-beam interactions Positron source

lon instabilities
Photoelectron clouds
Synchrotron radiation
Higher order mode (HOM)

© K. Oide



Beam-beam simulation of crab crossing

Taget luminosity : 103 ~
Number of bunches : 5000
Beam current
Weak-strong simulation

1036 cm-—=s-?

K. Ohmi et al.

. I(HER) = (3.5 GeV/8 GeV) x I(LER)

Crab crossing is powerful scheme to achieve higher luminosity.

L~

y 2NN ER

2er, [ﬁ;

HER LER
I 4. 1A 9.4A
N, 5000 5000
N, 5.2x10W 1.2%101
P 24nm 24nm
£y 0.18nm 0.18nm
G, 3mm 3mm
By 20 cm 20 cm
By 3mm 3mm
- 0.23 0.23
L, 1.X10%
L 5x10% [ -

>

L=5x%

Crab crossing

will be tested in 2005

Effective
head-on collision

finite crossing
angle

Crab
cavity

Crab
cavity

Tilted
bunch

 Bunches are tilted by crab cavities.

36

035 ‘



Activities for Super KEKB

®Crab crossing may boost the beam-beam parameter up to 0.2!
N (Strong-weak simulation) K_Ohmi

~ Head-on(crab)

(Strong-strong simulation)

crossing angle 22 mrad

-’

rd

I+ (mA)
@ Superconducting crab cavities are
under development, will be installed
in KEKB in 2005.

Input Coupler Z >
1.D. 120 I'Rf 20
1.D. 240 J \
1
1D. 188 ; — ;
o | 1.R.2415 |
! al h SRR |
i ql s W !
e i |
A i i
N 4 !
|

S SN Wowed
| 4 866 |

:

|

!]L  IR|20 N ;
| |
| i
1.D. 30 | j
Monitor Port \ J
| N
50 100 150
483
L L L L

82




KEK B factory upgrade strategy

Constraint:

» 8GeV x 3.5GeV
» wall plug pwr.<100MW | _g 44
» crossing angle<30mrad |_LEF§X1035

4

~ One year shutdown to:
+ »install ante chamber
..' » increase RF

» modify IR
Present KEKB P

L =103 *Crab crossing
—_—

| er=1.9A [ /0t =350fb""

Increase RF

| | | | | | | | | | |
2002 03 04 05 06 O7 08 09 10 11
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Detector upgrade for Super KEKB

Aerogel Cherenkov counter

+ TOF counter
- “TOP” + RICH

SC solenoid
1.5T

“small cell + He/C,H,
— remove inner lyrs.

N

New readout S fet

and 3 lyr. DSSD _ n/ K, detection
COFTtlpUtlng — 2 striplet lyrs. + 14/15 lyr. RPC+Fe
Systems 4 lyr. DSSD - tile scintillator ?
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Vertex Detector

—
15 | Super KEKB VX (r—gp view) SUpel’ BVITX
= | e
S i / \

beampipe and 2-layer O

striplet or pixel sensors _ \ \ \\\ | / / / / /

DSSD w/ analog pipeline [ \ \ / /
readout (~4 layers) to cope ,{ i \ \x—// /

with high occupancy. i

APV25 for CMS as the best : \\ //

candidates _15-I,...I....I..,.[....I....I.(.C':n.)l
15 10 S 0 5 10 15
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A new design: UV-striplet & analogue pipeline

Z

CCCCC

prearip staper o

cm :
Occupancy =2 1/4 x 1/10 = 1/40
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FEH

« KEK B77Or)—I3E%ETBY DIEE 'C%ﬁ!l?nﬂ B
TCPOBNZTHEL. /MARIIIEBRD BN EZE
ﬁ%yﬂbo

e HERIEICHITHCPOBENDIFEKRZTARIZRRIIZEIS,
3 HKBROBEREIISWNVRREEHZED
_&ExRLT=,

» SOfFICILI/ TR TH LN IL—/\—1)HE
DHFEZEY YR [REIORICHLOLED [F
E 1M AIHE, ete-DENVVIIRIEDF AR,

[
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