B77 O k)—®M R ESuper-B

Jan.19, 2005 @ EHPKZE
LI A 1E Bl
KEK




CP violation in B’B® system

[(BO- fp;t) —T(B°> fop; t)
[(B°= fop;t) +T( B> fop; t)

= Arcos(Amf) - &, Sysin(Amt)

Acp(t) =

Standard model predictions

b->ccs b-ced b-sss  b-uud
example JAyKs JAym O OKs I

small #0

sin2¢, sin2¢, sin2¢, "sin2¢,'

Note: AZ0 = T(B->f)#T(B->f) = direct CP violation.



The ¢'s and CKM matrix

CKM quark mixing matrix
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Unitarity triangle /
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Principle of the measurement

@igenstate

NI
Large data sample ['(B—>f.p;t ) can be measured.

Reconstruct Tag flavor of Measure distance
B decays into the other B between the two

vertices

Fit At distr. with
expected shape

CP eigenstates




Old result of sin2¢,

(Belle, Feb. 2002, hep-ex/0205020)
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Vinaabddd il » 6 b —>cCs decay modes
(B=Jd/uKg, JyK, etc.)

» Sces = SIN2¢,
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CCS

=0.82+0.12=+0.05

b heesl = 1.01 5 05 (stat.)

l.e., A, IS consistent
with O.




KEKB Collider

8 GeVe x3.5GeVe”
+11mrad crossing
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Continuous Iniection

No need to S’[op run [CERN courier Jan/Feb 2004]
Always at ~max. currents, luminosity both KEKB & PEP-II
mm) ~30% more | L dt

normal injection (old)

continuous injection (new)
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D>
/> Belle Detector

BELLE

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

CsI(TI) 16X,

TOF counter

u/ K, detection

St (S \' 14/15 lyr. RPC+Fe

3 lyr. DSSD



Sub decay modes
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Update for ICHEPO4
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At[ps]

BABAR PUB-04/038

4| =|A/Al=0.950+0.031+0.01

205 fb™ on peak or 227M BB pairs

Entries/ps
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Belle
2003

Belle CONF-0436

sin23 =+0.722+0.040+0.023 | (cc)K +| sin24=+0.728+0.056+0.023
3| (ct)K? ||4/=|A/A=1.007+0.041+0.033

140 fb™ on peak or 152M BB pairs

a0ced sina) agged sicra



1.5 T T T

]
"~ | excluded aroa has CL<0.05 |

urrent Results for sin2

SIN2¢, (2004 World Av.)
=0.726+0.037

[LP2003: 0.736 %=0.049]

Precision measurement
(~5%)

Good SM reference



B°— n*n~ CPV Result
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History of

0 o BT
B°>m'n~ | Belle
Difference 8 | '7'1
at ~3.1c level .t zzlzlelxcvse BaBa
(was ~2.26)



Direct CPV: B - Kn

*

vus/d s/d V w .
- =
0 — v u B9 P
Bgd ub u d
-
d—< d d —
Tree Penguin

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

Key prediction of _ 1“(liﬁ‘f__) -I'(B—>f)
Kobayashi-Maskawa model & TB-f)+T(B-f)

Observation in B == Strong support of KM



http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1
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Signal:
2139 £53

AE (GeV) _ AE (GeV)
[submitted to PRL]

Ap=-0.101 £ 0.025 £ 0.005 3.9 significance
[PID efficiency bias correction: 6A = -0.01 £ 0.004]

2nd Evidence for DCPV at Belle ! [4(ntn) 3.26]




hep-ex/0408057,
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A, =-0.133+0.030+£0.009
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submitted to PRL 227M BB Signal (227M BB pairs): 1606 +51

200

> 400
=
e
(g |
=
3
ha
0.1
g
]
= 0
> |
E-{).l—

——

A, =—0.114+0.020

>5g 2 522 524 526 528 53

mg (GeV/e 2)

First established Direct CPV in B decays !




80E
70E
60 E
50 E
40 F
KZn0: 728 £53 20k

10_%— , )
0 i e e

Entries/15MeV

e A oY R S
-0.25 0] 0.25 -0.25 o 0.25

AE (GeV) AE (GeV)

A p(K*n?) = 0.04 £0.05 £ 0.02
0.06 +0.06 + 0.06 (BaBar, 227M)

Average ACP =+0.049+0.040 d
; _
hint that A p(K*7) # A -p(K*2%) ? (3.60) frﬁf< g
Large EW penguin (Z7) ? B P EIVEE
New Physics ? a




New physics Search : & — sq

Raw Asymmetry

Belle @LP03

o (
———r o

“Sin2g, "=
~0.96 + 0.51

3.5c deviation
from the SM !



http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1
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includes Ks —> 1070 Similar to J/yK, recon.
(Nsig=13 5) + sophisticated continuum

suppression




B? — ¢ K’ : CPV Result

1 — :
: 0 5=0.736 ; s
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oK+ @K, : S (KO = +0.06 + 0.33 + 0.09 274M BB

A (gKY) = +0.08 + 0.22 +0.09
- ~2.2c away from SM
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Raw Asymmetry

At(ps) (~0.56.@S|\/|)
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27AM BB ™" 208M BB pairs [r—




Averages for sin2f3 and s-penguin modes

(de-bar) ¢

s-penguin

Charmonium
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No sign of Direct ¢Pin averages




Radiative & EW Penguins

Loops — Sensitive to New Physics

.
A ] @ L
[4] 5
£ u,d
b 3 o b — sI*I- penguin
~1/100 3
u,d — _
¥ o
b — sy penguin 4 , f
Vta
Br, ACP ~SM Vts u.d
l b — dy penguin

K*y TCPV




B — KO I'l-

LP03: B — X, KOII : first observed by Belle, confirmed by BaBar
Br, Acp ~SM

274M BB update 100 signals
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[Belle-conf-0415]




B — K* I'l” :FB Asymmetry

A pp(K*Il') : very sensitive to NP 274M BB
that may not be seen in 8(b—sy)
~ r@,. <zl2)-1,.>rl2)
© T8, <ml2)+T(8,. >12)
raw Agg
_ (Lz)z&f“;“““qz‘

‘-..-...-_

l {-Lla

0 14 16 18 20

First Look ! GV
[Belle-conf-0415]

b—sll penguin 0.4




Road Map of B Physics

|dentification of SUSY
Anomalous breaking mechanism

CPV in b—sss

sin2¢,, CPV in B—>nm, !
03, Vips Vep) D257, Study of NP effect

b-sll, new states etc in B and t decays

Discovery of CPV NP discovered

in B decays at LHC(20107?)
Now

340 fbt




Physics Program at Super-B

New CPV phasé N
B—og¢K%n'K®,...

FCNC decays
B—> Xy

B (/) X 0/

“EV A/ Precision CKM\
Y/ sin2g, (B J/yKO)
sin2¢, (B — 7, pr, pp)
\ 4 (BDK)
ub(cb) (B> X, (V)

LFV decays X\
T ly '
;‘,g_ T —oUlLlln

3T i

e SR =

‘,f nggs Search

; B—orv
Wl 4 "‘5-‘,‘:-.5 _~ B—>DY%v

b

W

Global Analysis of
B Physics

Study of New Physics Scenario




Investigating SUSY In flavor physics

« MSSM parameters > 100 ! Mass+mixing angle+phase
* The squark/slepton mass matrix

— Sensitive to SUSY breaking mechanism.

— New sources of flavor mixing == Baryon asymmetry ?

4 N | Off-diagonal terms
m,, 7| Flavor Physics
2\ 5 Luminosity frontier
(mq )ij N m,, [ = =
Diagonal terms: d;
LHC/ILC

Energy frontier |

Physics at Super-B = SUSY Flavor Physics

Its importance Is independent of LHC results.
(Vckm could not be pin down only with energy frontier)



Super-KEKB

Lpeak (cm2s?1)

Li

Integrated Luminosity (/ab)
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Projection of
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Expected Precision statistical significance w/

the present central value
-1
e (1 year 527
1

KE
0.6 —pur—

0.5

04 Expectation at 5ab-!
03 OKO tinput 5=+0.24)  I/v Ks’

0.2

Error on AS




Pattern of the deviation from the SM prediction

Unitarity triangle

Rare decay

Y.Okada

Bd-

unitarity

ol A m(BS)

B->¢Ks

B->Msy
indirect CP

b->sy
direct CP

MSUGRA

+

SU(5)SUSY
GUT + vr

(degenerate)

SU(5)SUSY
GUT + wR

(non-
degenerate)

U(2) Flavor
symmetry

+ + +

++: Large, +: sizable, -: small




A.p(B29Ks) vs SUSY models

mix
Acp

AL(B,— ¢K.)

AL(B, > ¢K,)

1'0“"\""I""I“"\"""
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-05 |-
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-1.0_::.:‘::::'::::'::.:‘:::: —
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M e o SRR (T S X
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500 10|00 I 15I00 ‘ 2000 0 ISOC; 1000 15I00 I 2000 2500
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m, (GeV)

280fb1
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50ab1

Acph ELERRY/INE (T
NIEBRHICXLIF
(XoZYT 5,
ZTDEE.
M(gluino)~500GeV
BT D,



(a) 0 500 1000 1500 2000 500 1000 1500 2000 2500

Acp(B2Xsy) vs SUSY models

5ab1 50ab-1
Dlrect CPV Mlxmg CPV

Ul e S S e e r T T | B PR s e e
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5ab-1 TIEXM(gluino)=1TeV, 50ab-1TlX2TeVETHEHH 5,
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FB asymmetry in b->sl*l-

+ Sensitive probe for NP Br(B>Xsy), A0.(B>K*y)
(theoretically clean)

‘‘‘‘‘‘‘‘‘‘

A o R[C(sCE (5)+ 1(SICTT ] A\A\ﬁ A\A\

0.5¢

f/," ‘—\k“‘.
] 0K -
B \ h
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c =
.

-0.5+

I )

BOUHd 15 ; '5-\ 0 0.2 0.4 . 0.6 0.8
presenT Br(XsI*cV) C;\IP SUSY Scan (MEV) P



FB asymmetry in b->sl*l- (cont d)

* Present status (250fb!) <8§ @R
A T
- At Super-B ZSE;I o ]

EE— : II cT Zerocross'd’%m\ ’? @ Gevic?
ﬂ S T———— u'MC (5(]b_1)5 \_ —— YV (5OClb 1)

05 [

'|"|'-|- I . T
.MH%U i g u\»ﬁ+ +

. IdenTufy rough pa’r’rerﬁ =t 5Cy~10%, SCIO~14°/O
I3 (S|gn fllp bet. low qz/h+gh q2) i’C%IJBE_I

”GCN\ PID(u/n )%Ei%o
Branching fraction Mdilepton mass 73 DBIFEHLE %N,
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Full reconstruction

« REIOBHREFZETEEBEBEAL TRAAIDBEEEZtagd 5.
o BT v, 1 ZECHROBERIE LIRRICE A, e+e- B factory TDHAIRE,

“FI54BhEFE—L" 7 <:| Interesting decays
EEE., B, 72L—/\—FH B Lo ‘B — ulv
/ ‘B — v, Kvv
e- (8GeV) 1Y) T k@35Gey) | BT Dw

\ ectC
B s

.......... o—" <—| full tagging

e 9F e v
g 8 E Kvv
* B> Drv: 12 c observation § 7 Jlbe
at b abl. }g i 3
. > =
- B>Kvv: b o observation w3 E el
28 AN
1 - R \ -
at 50ab™. (1, = Q\\‘gt\\\\\h\'\\‘hm‘

0 0.1 0203 04 0.5 06 0.7 0.8 09 1
E.. (GeV/c?)



Charged Higgs % mbtanﬂrmc(u)cow

. b
* B->1v (leptonic decay)
Gim.m:f2 . 2. m?
[(B > V) ==t | 1- T L,
B
2 » M -
r, =1-tan° g sz
Hi
—
Present status - @ ATEPH |
>
3
10 —
z L oL :
g . 1
0T elle 1
(||| Charged Higgs 3 (M 7/100 Ge V, tan| =|30) I
. |/l Charged Higgs 3l (M35 140/ Ge Vi, tanB = 40)
10 ]
E Standard Model Prediction E

| I I I I | | N . | | |
1995 2000 2005



Charged Higgs &% 5 B

- T(B—>Duv,)

+ B->D1v (semileptonic decay) |

tan p =50
m, tan S+ rtl;(u) cot S N
_ % _ . \ 7\ F1ig : Form—factor
b @ ¢ | (S |

I'(B — Dtv.)
I'(B—> Dpv“)[SM

H+/W:L\\ m_ tan
\'/?_ L+
VZ‘
+ Signhal = large missing mass
+ Expected at 5ab!
Mode Nsig | Nbkg | dB/B

D (¢*7.v,)v| 280 |550 |7.9%
D°z*(h*7.)v. |620 |3600

50 100 150 200 250 300

My (GeVicd)

* —> D7(evv)y signal B*— Dr(ewv)v BG

Arbitrary (log)

L

o 2 4 6 80
IMM [(GeV/c?Y] IMMP [{GeV/c*)



Sensitivity for charged Hig%s

B>Xs vy [ZLAHIE B->Dtv
500 — .
4
i S°
400 Y
C % 300
LHC < -
100fb? s ) WEDB> TV
200 / [Z L5 IR
A 1 A(form-factor)(&
100 Excluded r{gg‘zrgr.lLl.{)un N EE O) B % D MV
| LEPExcded(S%CLy 7‘— —/5( T /E'] ;"E aJ "F]‘E
20 40 60
tan 3

LHCED FEPEFELY,




Lepton Flavor Violation

LFV in neutrino sector already seen (at maximal mixing).
=LFV in charged leptons ?

Tau lepton

* The heaviest Iep‘l‘on mm) Enhancement in the rate
ex.) Br(z=>uy)~1042 x Br(u—>ey)

« 3rd generqﬁon mm) Both 3>2(u)/3->1(e) transition can be
explored =>slepton flavor structure.

B-factory = "Tau-factory”
o(tt) ~ o(BB)
5x10° 1 pairs at Hab!
BE) Rare decay sensitivity at O(109)




T2y measurements

Present Belle results (86fb!, 7.9x107 t-pairs)

- Br(t>py) < 3.1 x 107 (90%CL) Expected signal
- Br(t>ey) < 3.8 x 107 (90%CL) / distribution
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Improvement
- Analysis (selection criteria, cut analysis 2> likelihood analysis)
* Particle ID (better rejection of u>n fake)

* v energy resolution



Tau LFV search (past->future)

w/ improvement Extrapolation
Expecteé\{ensitivitis/ with 10,000/fb (Super-B)

2y

t2In/m/m’

>3l

121 Ks
12>By/n

101 10° 10° 10° 10° 10~ 10~4

Upper limit on Br
Search region enters into O(10-8->109)




Touy/ey §7

B(t—py)
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T2uy In SUSY GUT

SU(5) GUT+vg

Squark/slepton mass matrix relation

(mj) (mIZ) oi(02703)
R ] 23 L]23

~y
~
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These correlations provides non-trivial test of SUSY GUT



CKM fit

« Determine (p,n) only by tree Vo Vil
processes (SM dominant).
— |Vl from b—ulv \
— ¢4 from B—-DK ¢ from B—>DK ¢, from B 23/ yKg

 Compare it with (p,n) determined through
— |Vl from BB mixing, i.e. AM
— ¢, from B2J/yKq

e This gives M,,=M,,SM+M NP
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UT at Super-B
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UT vs SUSY models
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Summary-1

« New CPV phase D% R algetd
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Summary-2
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Super-KEKB upgrades

RF deflector
(crab cavity)

Kick L

: == KickhN\ eiecfrons poé(“o“s M/
New beam plpe% _— e
crossing angle

head-on collision

Ante-chamber & solenoid coils More rf power

for reduction of electron cloud

NEG Channel

. Damping ring
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Linac upgrade LOI (Jan 04) for SuperKEKB
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http://belle.kek.jp/superb/

HEP Scenario in Japan
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Possible Timeline for Super PEP Program

R&D, Design, Proposals Construct upgrades for  Super B
and Approvals L = 5-7x1035 Operation

> > >
_[ Ldt ~10 ab™/yr

2001 2003 20052006 2008 2010 2011 2012

——+—+—+++—

Construction

—>
LOI CDR InSTG”GTIOR
P5 —» Commission

Planned PEP-IT Program

[Ldr =140 fb! [Ldt =500 fb" [Ldt ~1-2 ab”
(June 30, 2003) (End 2006) (PEP-IT ultimate)
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