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The KEKB Collider E

e (8.06eV) x et (3.56eV)

Belle detect

=i 7 \a Ly4s) —BB
J - =Lorentz boost: By = 0.425
B Finite crossing angle

SCC RF(HER)
ek

J— -2 - 11mrad %2
&{f =" m Operation since 1999.
ARES(LER) S [ = '

\ res RF cavity Peak luminosity

1 71 x 102 em s |

Liresly

Q@ — e’ source
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Crab Cavity ‘4 i
_

B Superconducting crab
cavities (1LER and 1HER)
have been installed, and
being tested at KEKB.

-

| ~ Az Iigiy
2ere Sy

RF deflector
(crab cavity)

Kick

- Gfec \=3 M
1, el
Kick N\‘o"i ”

| crossing angle

head-on collision




Crab Crossing

N ) \
1 cavity per ring \ 4 2 cavities per ring W

beam

orbits of bunch head and tail



H. Ikeda, et al.



Integrated Luminosity E
Integrated Luminosity(log) As of Mar. 15, 2007
800 [ I - R L B ]
700 | 1 KEKB
| KEKB/Belle: 709.9 b | for Belle
 PEP-Il/BaBar; 406.2 fb
500 | ]
E 400 | q’otal > 1000fbt /_/ { PEP-II
: 9 - for BaBar
00 >10° BB pairs ! _
[ =t '
200 | +x= @ IJ-I ' -----
100
1%99}'5 2000/6 2[][;1fﬁ | 2[][]2}’5 | 2[][]3!5 | 2[][]41’5 | I2[I][]5fl':‘l 2[][]5:"!3' | IE[I]U?J'E g




Belle Physics Milestone E

# of publications
= 206 as of today (submitted).

500

400
e
’E 300
% P[0 [ Ee— :
Obser'va’rlon of B%K I |-
Lar'ge cP VIOIGTIOH in B

1999 2000 2001 2002 2003 2004 2005



Sin2¢1 (Summer 2006)

W.A.: sin2¢,;= 0.674 +0.026

sin2¢, history
(1998-2005)

F B — JiyK®

BY tag
BY tag

ALEPH [ ~
{2l g

CDl : .
[ R0 E
BaBar . -
(LIl ] .
Belle i - |
(LI I
BaBar : —a
(Feh. 2l H
Belle
(Feh. 2l
BaBar
. Juaky ZiWED )
Belle
i Juaky EiWD )
BaBar
CJuly ZOMEZ)

Belle
{Juaky EiWRE)

Belle
{AmgE. 2iWEE) 0
BaBar :
{Aomez. 2] i ™
Belle : |,.|
dAmzE. 2k 1
Belle ! H
(Jume 20HE) .

Entries /0.5 ps

Asymmetry

Belle(B>J/y KO): sin2¢,= 0.642 +=0.031 (sta) =0.017 (sys)

3207 +0.5
0847107 HOL16
079703
0.12+0.37+0.09
0457030 e
0.34+0.20+0.05
058703 91
0.59+0.14+0.05
0.99+0.14+0.06
0.741+0.067+0.033
0.719+0.074+0.035
0.731+0.057+0.028
0.722+0.04010.023
0.728+0.056+0.023

065220039 H0.020

06870032




Success of B Factories

First precise test of CKM picture for CPV.
B sin2¢,=+0.674%0.026 is now a precise measurement (~4%).
B The other angles are becoming interestina.
1 ¢, from pplprinn L L U L L L L

— 2¢,+0, from B2DO)x - %c»o - :
1 $3 from B DK (w/ D Dalitz) -~ ginzp ) Am & Am,
+ side measurements too. 0.52_ )
IVeols Vol AmMg , Amg - ]
= (o ST . ~

Paradigm change: look for -1V, :
Alternatives to CKM 05 |- 7

. = . Y-
Corrections by NP 1 E
Need far precise tests 15% N Sk

1 0.5 0 0.5 1 1.5 2

0



Quark Flavor Physics

Vub \
Vud Vus \

(] VL

Open Questions
1 Are there new CP-violating phases ?
2 Are there new right-handed currents ?
1 Are there effects from new Higgs fields ?
1 Are there new flavor violation ?

Cabibbo-Kobayashi-Maskawa matrix 12




Key Measurements E

1) tCPV in B = ¢KO, 77'KO, KK K

2) tCPV in B = K 2%

3)B—= v, uv, Drv

4) FCNC: B =Kll, Kvyv (+ distribution)

5) 7> uy
6) Unitarity triangle with O(1)% precision

IVub|, $3

These are also theoretically clean.

13



CPV In b->s Penguin Processes

* Heavy particles may be mediated in the quantum loop.

e In SM, CPV(B%>¢Ks) = CPV(B2->J/yKs)

o |f a new particle carries a quantum new phase
CPV(B%°>¢Ks) =CPV(B°>J/yKs)

O
v o
-
o
OO
[
~—

A (1) = Sin2(¢, + 4, ) x sin(Am, )

October 17, 2005 Colloguium at University of Lyubljana 14




New CP Violationinb =25

Z'GC_S (ZﬁOOG)ﬁ iTom SU1 CCIREPPrY oKO, 77’K®, KsKsKs projection
el for SuperKEKB

b—ecs  World Average : m . 0684003
i i [ 1
oK' Average ¢l 0.8040.18 fb ) &
N K Average ey ! 0594008 Super
Ks Ks Kg !\ucr.j’igc m 0.5140.21
mKs  Average P pa3x02 .
: 1 ; - New Physics
p K Average ; o 0474058
ol WS R — (SUSY GUT, Warped Extra Dimension,
LK Average Pl oazsow String-inspired MSSM, ...)
1 tHég—Average | omaom
K'KK Average W—krH (584013 0o
1316 14 12 4 08 06 08 02 0 02 04 06 08 1 12 14 15

AS Uncertainty

total errors (incl. systematic errors)

0.1 |
0.09
SM 0.08
0.07
e dti ok trPC‘DF estimates IS
ﬁ EE@ 317" 005 B
simZ P p— sin2f3
T - ' | ' | 0.04
i i i i i i fid .
Pl . P 2
n KS -
> 'Ky I
‘ 0.02 |
oKs L
s
YOO | - | . |
0.01 = >
| . . | . | 10 1 10 1 10
o © o1 02 Integrated luminosity (ab ')
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B>tV

B Proceed via W annihilation in the SM. ™ tan/5+m, cot /5
5 ". m. 'tanﬁ

B SM Branching fraction is given by

_ _ G%mpm? m2\? u
B(B~ — (p) = F8B 'f( ——5) I3V |° 78
v mB

=) f, determination

B Sensitive to the charged Higgs

B(B—1v) =B(B—=TV)gm X Ty =

2
m
rg — (1 — m—QBtaHQ 5)2
H

tan 3/mp+

e




Full Reconstruction Method E

B Fully reconstruct one of the B's to tag
- B production
- B flavor/charge

- B momentum
Decays of interests
B 7 <:| B>Xulv,
o e BoKvv
(8CeV) .Eg? «—— e+(3.5GeV) B>Drv, tv
TS " Full (0.1~0.3%)
_ u ANV O /o
B i
" reconstruction
e — B> Dr etc.

Single B meson beam in offline |

Powerful tools for B decays w/ neutrinos

17



B->1tv Candidate Event

Exp 33 Run 678 Farm 0 Event 1707493
Eher 0.00 Eler 0.00 Mon Feb 9 17z55z46 2004

BEI I E TrglD  QDetVer 0 MaglD 0 BField 150 DspVer 750
Ptot(c 0.0 Etot(gm) 0.0SVD—-M O0CDC—M O KLM-— 0

2006/05/15 Toru lijima @ Flavour in the LHC era 18



The 1st Evidence of B>t v

B The final results are deduced by unbinned likelihood fit
to the obtained Eg,, distributions.
> L L L L R A B - - -
O sol _ Nobs N Ny, ¥
= 4+ | a7, 13 56731 8801 27
@ o ognal+ ‘F e~ Delir 12 4-1:333 0.0501 180
¢ [ background L] || vy 9 3813 3955 240
T L — L L 11 54538 5470¢% 170
I < i AW W By G 3.003% 4804 110
2: 5 Combined 54 17.2702 32007 460
4. Y : Statistical Significance
A" Background | Observe 17.2 33 events.
B-> ( l |||44 bl Lo . " g
S o3 i Significance decreased to 3.5 ¢
Signal E.., (GeV)

after including systematics
Signal shape : Gauss + exponential

Background shape : second-order polynomial

+ Gauss (peaking component) PRL97, 251802 (2006)
19




fg Extraction E

B Product of B meson decay constant f; and CKM
matrix element |V |

foxV, =(10.17971)x107* GeV

m Using |V, | = (4.39 £ 0.33)x 103 from HFAG

+36+30
fgo =2297377;, MeV
15% 14% = IZO/O(ZXP.) + 8°/o(vub)

“ fB =216 + 22 MeV

[HPQCD, Phys. Rev. Lett. 95, 212001 (2005) ]

20



Constraints on Charged Higgs

B(B — tv) =B(B — TV)sm X TH

2
ry = (1—mftanzﬁ) — rg=113+0.51

o Experimental result : B(B~ — 770;) = (1.797035 (stat) 73 (syst)) x 1074
& SM prediction : B(B~ — 7 ;) = (1.59 4 0.40) x 104

3 T T T T T T T T T T T T T 300 T
/ 2501
2l ] 4 .
g
2
i N = 200
B | [
[ H 3 T
1 - 20 2 T
«
I ] S 150
. | 4 -
: |
- ] v B
0 | I I | | I I \.L J/\ | | | ‘ ]00
0 0.1 0.3 i Excluded (95% C L)
B ' A _ LEP Excluded (95% C.L)) ]
SD | | | | | | | | | | | | | | | | | | |
tan ﬂ /m H 0 20 40 60 80 100

tan 3

21



Charged Higgs Mass Reach
(95.5%CL exclusion @ tanp=30)

1000

800

'“‘i"“mﬂ d ’

600

400

200

Mass Reach (GeV)

=

10 20 30 40

Luminsoity(ab)

LA
]

2501 _ d

\‘§III
|

H* Mass (GeV/cT)

1 1 | 1 1 ‘ | | 1 1 | | ]
20 40 60 80 100

Only exp. error
(AV,=0%, Afz=0%)
AV ,,=2.5%, Afz=2.5%

AV, =5%, Af;=5%
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Search for Charged Higgs

: : I'(B— Dzv,)
B B->Drtv (semileptonic decay) B = =
I , . I'B—>Duv))_
m, tan S +m, cot S ap “
_ /, — 08T | Band width from form-
b Q\ C - 2z | factor uncertainty
(S 24- 0.6 p \
-+ Hp m_ tan ) tan B = 20
H /W \ % :Il ol

02}

tan B =10 ¥ \aeer®™

+ Full recons‘rr'uc’r‘i/én tag e o = = = e
- Signal = large missing mass RESiE

+ Expected at 1/5ab-! 1 T —
Mode Nsig Nbkg dB/B 2

D°z* (¢*v.v,)v, | 56/280 | 110/550 | 17/7.9%

D°z*(h*V. )y, |124/620 |720/3600 I SLO .EHMEWHMPMMB

(6 v/c‘)‘l IMME [{GeV/c*))




= éuv (ev) SM prediction.
Br(tv)=1.6x10-4
Br(uv)=7.1x10-7

B Signal = monoenegetic charged lepton Br(ev)=1.7x10-11

B Inclusive reconstruction employed.

- Reconstruct the accompanying B via a 4-vector
sum of everything else in the event.

- Efficiency: 2.18£0.06% (uv), 2.39+0.06% (ev)

- Ngy: 2.8£0.2 (uv), (7.3%1.4)x105 (ev) 253fb -1
0y ev
= a0 B s p v 2538 5 wf B o v 253"
':! C | + {Jin resoranca L] C | + (0N rESONENGG
g1 [ Of resonanca El'w_i [l resonancs
FamE o FiofE | e
£ F11 %1 € oo T e
L‘Eu o[- _.I_ C|Signalx 10 I-'I'_'ullil'[lE | []=sonsdarterary]
.m;— ng_ R
20F == 20f- 1.
C ot e ! E i Lo - -
87 15 3 R v . 83 743 R ]

pe [Gevic] P" [eic]

@90%CL BP(HV) <1.7x10-6 Br(ev) < 9.8x107

hep-ex/0611045, to appear in Phys. Lett. B
24




B-2>uv (ev)

Phas i‘Wy—

B B->uv is the next milestone decay.

We mav start to see b S I Ex’rmpola’rlon from The -
| Y Y 5 T present Belle analysi

add|n9 more data. D (mr|||<:|v0 recetr,)

T | |

T :

s T 1
~50 events @ Hab-1 £ 32 2: i?ﬁi
~500 events @ 50ab-1 5 7

| Lumi;\osi’ry (ab) | 10
B Precise B>t v/u v data provide lepton universality test.
- Higgs effect itself is universal.
RH’CV - RHHV
- Good probe to distinguish NP models.

25



FCNC Decays

B FCNC processes: b 2 sy, b =2 sll decays
— Forbidden in SM at tree level.
— Occur via box diagrams or penguin loops.

B Sensitive to non-SM physics

(charged Higgs, SUSY,...).

— B-22K*(892)y
« Rate difference bet. charged and neutral decays
e Charge asymmetry (Acp < 1% in SM)

— B2py, B2wy
o |Vtd/Vis|?

— B-=2KOIl, B>Xsll

- S~

t S

|
A
t S

* Branching fractions, dilepton mass spectrum, F-B asymmetry

Clean low energy tool to probe high energy scale !

Sep 14, 2002 Toru lijima / Nagoya




B-2>K'll FB Asymmetry

B q2 d|STr'|bUT|On hGS dlffer‘en'l' Forwar‘d /— BC(CkWC(r'd /+
pattern depending on sign(C).
) . 2
Acs o R| C(sCS" (5) +1(s)C,) | " 'S
1+ [

M(¢?,cosfg,— > 0) — (g2, cosbg,— < 0)
~ (¢2,cos0p,— > 0) + (g2, cosfg,— < 0)

5 20
=
M= 10 N |

negative A7. C Cl[l
B R S R TR VI TR TR 5 \\\\———___’_9;_\
q2 GeV?/c? 3 07 R\
go(the point w/ Ag;=0) is sensitive L 10 100

for New Physics

SM; q,%=(4.2+0.6)GeV? Integrated Luminosity (ab1)
« o -\F.c V.
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Future Prospect: B>Kvv

B Belle @ 250fb! (preliminary) cf.) K.Ikado @ BNM2006
Fully reconstructed tag (by modifying the PID criteria used in CD
B->1tv GHGIYSiS). BELLE

210 Belle preliminary Efficiency (%) 42.84+ 1.8
O lTe '  coma | Signal expected 0.70 £ 0.03
E 8 I e Background expected
-6 | Ds'g”a"|1° k Observed Events 4
g 4 | T ﬂ Consistent with BG expected
2! | k
ot T [B(BT = Kuvi) < 3.6 x 1075(90%C.L.)
S el v
Signif. Lum (ab?!)
36 12 Need Super-B |
Bbo 33

28



|IVu| Measurement

B Semileptonic decays are the most common utilities.

B Measurement of b—ulv suffer from O(103) larger b—clv
background, and need introduce a cut > extrapolation error.

B TIn B factory era, tagging allows us fo measure not only PI, but also
Mx and q2, by which the extrapolation error can be reduced.

Pl at endpoint
Belle, PLB621, 28(2005)
M X < M D ~80% %m‘zouhﬂ.l | (@)
2 "
Mx (hadron mass) B
_Belle, PRL95, 141801(2005) yesgiary wrrtore
%125 i féﬁﬂﬂ: — (b) g?sno—_L (b)
- il 5000 ]
3100 ' + St f LHH'JIT_I
:"i [ ——— HW.*TL‘“._L* e
L: . . N;omentur; (GeVic)
m: —m;
E > B D —_ 0)
STt ~10%
M_ (GeV/c?) 29




CKM at Summer02 =2 05

07 - I ! T | T T T | T | | | T T | T T T ]
0.6 ;? sin2p Am, Y Am_ & Am,, \% E
T % 5 EPS 2005 1
05 8 = 4 .
C | & ~. ~ .
04 o . / —
k= S I~ sol. w/ cos 2B <0
0.3 E g (excl. at CL > 0.95)
€k o
0.2 / o
0.1 < V! Vel
e p
0 1 1 1 I 1 1 1 1 1 1 ] 1 1 1 1 ] 1 1 1 | 1 1 1 3
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

GOAL w/ 500-1000 fb! data
AlV | < 5% with both inclusive and exclusive

(the two approaches will cross check each other)



|IVub| tension & B>t v

B |Vub| tension problem: measured |[Vub| is larger than that from the
CKM fit.

B tvtension? : measured Br(tv) is larger than that from the CKM fit.
B Something may be wrong with the measured |Vub|?
But, it cannot solve the two at the same time.

“Vub tension”?

|Vub|=(3.68 +0.11-0.08)x103 Br(tv);=(0.87 +0.13-0.20)x104
IVUD|,j2ps=(4.49 +-0.19 +-0.27)x103
(1.79 +0.56-0.49 +0.46-0.51)x104
‘B>t v tension™?
B Tt would be very interesting to see this comparison with
improved B->tv measurement.

= i B
Br(tv)peie™
fg lattice ?
B Itisimportant to cross check |Vub| with exclusive.
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Belle Upgrade

Csl(Tl) 16X,

SC solenoid re Csl (endcap)

1 . 5T \ \

u/ K, detection
14/15 lyr. RPC




F=ED

" BYETE

— 150fb-1/4F

F >300fb-1/4F

— 2~3 ab-1

by 2009.

IREELEZAH

tH R R OKEKB% crab cavity T&h (T34,

- RUFVHRZEIZEITSHCPV > #HLLCPVALTE
— FCNC: forward-backward asymmetry in KiIl
— Higgs effect

e Bo>1v,

&AIE, 15

e Dtv, nv, E£9 &,

— |Vub| + ¢3

fIZH1=<{ZA

£

=) Super-B ~
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Backup Slides E
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New Physics in large tanp

B Leptonic decays (B—>Iv, Il) are theoretically clean, free from
hadronic uncertainty.

B In particular, they are good probes in large tanp region, together
with other measurements; Amg., B.2>up, B>X,y and also t decays

(t2un, T>uy). Ex.) G6.Isidori & P.Paradisi, hep-ph/0605012

Charged H iggS _ excl. by B,— up _.B(Bs—:» up) < 10-8

b | 24
u -

Neutral Higgs

17/
b / {/ /AR
A0 HO ho excludedby ™ [[III] Ry, =0.75 + 0.05
d " e
I 1

o

tanf3

1< 107 Aa, <3

DN Ry, =0.75+£0.15

r

T T 1 rrrrrrrrrrrrr 111111 T17°1.1
200 400 G600 S00 1000 1200

See talk by A.Weiler MH(GeV) 35 |




Sensitivity for Charged Higgs

Constraint from B>Xs y B>Dtv
SOOJ I\ | | | Is | 3 | |I
- i AL :
: :s ;.9 S / Q\Q
400 s é’? § 1 N
—~ 05 /O & $ 6@9
c L2 - s S N
> | SIAS ‘
‘83001 %SQ H B-2>tv
LHIC z | & F (present)
100fbt s \j
£ 200 5
_CM31 ofb ' t , A(form-factor) can
I:IIIIIIIII TRRRRRNRNR AT be reduced Wlth
100} oo Rl the present
Excluded (95% C.L.)
- | | LrEP E)Iicludeld (950/|b C.L.P | | | _ BQDHV data'
20 40 60
tan 3
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Beam Current [A]

Spec. Lum. [%] Luminosity [/nb/sec]
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The Unitarity Triangle

/Vudvusvub . I- /1% A AL (p—in)
V. V.V, |= A - /1% A |+0(2Y)
\thVtSth J KM AV(=p=in) AL I Wolfenstein

VuquZ +VchcZ +thVt; =0

5(7) =[1—%jp(77)

n B — nr, pr

B-B mixing

D
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T

=
<

SRTC

History of BO—n*n~ decay

=
N

1.2

0.8
0.6

o
N

0.2

-0.2

o
N

0.5

-0.5

-1.5

1
N

. ~ | Belle
‘ ©%  Average
0.2 \ A

~ Belle

- ,L l + BaBar

2 ; '

T ‘%‘ %, +

T T T Ll I

0 100 200 300 400 500

% o %

z x *

]

6 | 100 200 300 400 _ 500
BB (x10°)

+ -
T T Scp Vs Cep @
Cep PRELIMINARY
T T T T T
0, e - Py

2.3c diff.
btw. Belle
and BaBar
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1—-CL

1.2

ICHEP2006: BaBar(ntrt/pnt/pp) + Belle(ntn/pp)

—  ICHEP 06

WA
1 Combined |

He— CKM fit

1.5

0.5

-0.5

CKM fit

no o meas. in fit

®
i)

-
%
2
>
Q
.

%
)

consistent with a global fit w/o o/¢,

_ +5
Ogiobal Fit = L 98 5] °
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Is this enough ? E

No,
m A little tension between |V | and ¢;.

B Need improvement of ¢;

- We should first determine the apex by tree-level
processes; |V, | + ¢5

- Then compare it to others;
» Bd mixing and CPV

* Bs mixing and CPV |V, |e-io3 |V, 4| ei!
+ ¢K and B(K=>mvv)
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Constraints on C, from B(B%E

P.Gambino, U.Haisch and M.Misiak PRL 94 061803 (2005)
B Clean prediction for B(B>X,II) with 1<q?<6GeV? is available.
- Combine Belle and Babar results
- Sign of C, flipped case with SM Cq and C,, value is unlikely.

BF Belle Babar WA SM C,=-C5M
g2>(2m)?  |4.11%1.1 |5.6+2.0 |[45+1.0 |4.4+07 8.8+0.7
1<q°<6GeV? | 1.5+0.6 |1.8%=0.9 1.60*+0.511.57%£0.16 |3.30£0.25

15 1 15

NP NP
Clo ClO 12

12}

Donut : 90% CL

allowed region
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B->X.,y CP Asymmetry

B Sensitive to NP,
B Theoreftically clean.

B Standard Model "~Zero”. b 111}, > Sy
- Gamma is polarized, and T :
the final state is almost m. - m
flavor specific. B
- Helicity flip of y b WS}/R
suppressed by ~m./m,
B Time dependen’r CPV r‘equir'es Ks trajectory
vertex reconstruction with Ks
> T+n- _ Bvertex IP proflle
Vertex recon. Eff. o, =100um, o, = 5um, o, —3mm‘
51% (SVD2)
40% (SVD1)

Possible at e*e- B-factory
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