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Super 3
KEKB
> uest for BSM

B-factories (1999-2009) ' |

Primary goal: establish unitarity &
complex phase of CKM matrix

Kobayashi & Maskawa (1973)
» proposed 3" generation of particles
» Explain CP violation in K, predict for B

Experiments (-2009) ,
- CP asymmetry manifested in diverse processes in B decay
-> many measurements, (over)constrain CKM
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B-factories (1999-2009)

Super 4
KEKB
> uest for BSM

» ...+ many other successes

Headliners

* new charmonia, charmonium-like states, ISR, D.;,
many B decays

* DO mixing

* limits on/hints of New Physics

+ more measurements, on
B, charm, tau, 2-photon, Y(4S), Y(10860), B, Y(3S), Y(1S), ...

Addressing
CP, CKM, QCD, HQ spectroscopy, LFV, NP, Dark Matter, ...




Super 5
B pairs world sample i

O e T L e KEKB + PEP-II
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Super 6
Why collect more? Lo

With 1.5G Bpairs (+similar #'s of c, tau) at Belle+Babar

many best measurements:
testing CKM unitarity,
exploring SM-suppressed/forbidden regions

SM-

suppressed W ’
B&D
ocesses §

‘Dalitz ( |
% b i ’n@er‘sah‘ry

B-> TV,
B->D®) 1y,

many of these
\ measurements/limits
YA are statistically limited




Super 7
Why collect more? L

furthermore ...

NEED other source(s)
of CP violation

to account for
baryon asymmetry
of universe...
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KEKB

west for BSM

Why collect more?

With x10? luminosity, e i e
in a facility designed ™
for CP studies, r
a significant new o .
window B> gl*|- ' Y e
RH currents
_inB-{s}y | T->HY Ly
° inDimiggs SM-forbidden (]
¥ | lepton processes ?,'
J

- ' y
Lepton universality

nggs in 4
‘ B->Tv, .
B->D™ Tv

ey p%p 0( () 2).,
= Dalitz (¢5,),
1 b->dy

b->s penguin(¢ )
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KEKB
uest fo" BSM

Sensitivity to New Phy=ics:
some examples




Super 10
SM: "golden” vs "other” sin2¢, (sin2 5) @_KE,K:B

"golden” B -> J/yp K,

tree (real V) oV "V mixing+tree «V, "2V, 2V V. "

well-measured rate

phase = arg(V,, 2V, 4)=2¢p;
c N _

_ W\ | I W*"
d <3 b it 1d <§
\1\\1{3 4“\ K

identical hadronic processes -> same | Amplitude|

V. V. real => zero phase difference

=> relative phase = 2¢,, CP asymmetry ~ sin 2¢,




ek
1\ []] S
OTher' San(p1 uest for BSM

b -> sss: identical reasoning

*x

peng'Jin (r'eal vij) OCVTb*VfS miXin9+pen9Uin Ocvfb*zv*dszvas

b d t b oW S
L r\ t ,; s
B’ B’ | | K
8
_ . B g
d S b it ld N K K,

Vi, Vi, real => zero phase difference

=> relative phase = 2¢p,, CP asymmetry ~ sin 2,

"New Physics" w complex phase ¢,
---> CP asymmetry # sin (2¢p,)




Super 12
Standard Model: “other" sin2e, @_"Ef":f

b -> sss: identical reasoning

. . some of recent QCDF estimates
penguin (real vij) OCVTb VTS sin2pf g~ sin2f
———

I

b W S
t 5
E < KS’KL
caveart:

(small) theory correction -> mostly >OL




Average "sin2@," from b->s penguins

Super 13
KEKB

uest for BSM

T Heavy FIavorAveraging Group

sin(23" )—s n(20y"

Naive World Average
sin2@,(b->sgq)= 0.62 = 0.04

Compare to ccs:
sin2q,(b->ccs) = 0.672 = 0.024

CL = 0.19 (1.30)

difference is< 0

FPCP 2009
PRELIMINARY

boccs WorldAyerage =~ : W 1 0.67 £0.02
¢ BaBar ! ' 0.26 +0.26 +0.03

: : 0.22

< Belle : 0.67 532

e BaBar ! : 0.57 £0.08 +0.02
‘= » Belle : 0.64+0.10+0.04
X  BaBar : —~  0.90 %52 ‘004

* Belle : : 0.30+0.32+0.08

% < BaBar : : : 0.55%0.20+0.03
% Belle : . 0. 67 +0.31 £ 0.08
BaBar i——fl  0.95 037+ 0.06 +0.03

°. Belle 0.64 *012 4+ 0.09 +0.10

& BaBar : 't 0.55'0% £0.02
8 Belle ' 0.11£0.46 +0.07
& BaBar : 0.60 'g1g

: +0.16

= Belle : : 0.60 ‘519
BaBar 8+ 0.52 +0.06 +0.10

40.20 it 0.52 + 0.07 + 0.07
§ :-0.72+0.71 £ 0.08

Ks

55 BaBar .

= BaBar—;—-—«
=

x’é

Belle , :-0.43 £ 0.49 + 0.09

o BaBar : - : 0.97 0%
nn§fNBaBar : ——+——  H0.01}£0.31£0.05+0.09
BaBar ! : { ' 0.86+0.08+0.03

X Belle : 4—0.68 +0.15+0.03 271
b—qqs Naive average H 0.62 + 0.04

-2 -1 0 1 2




Super 14
“sin2¢," sensitivity to New Physics < D, i

(Luminosity Projections)

") Already exploring "New"
gelle UUYY 200642 < region:
To improve sensitivity,
New Physics need better
(SUSY GUT, Warped Extra| * STatistics
String-inspired MSSM, ...) ® SYSTemGTiCS

2 2 * Theory corrections
'©
i)
S
O o1t
c 009 |
> 008 |
o 007 f
< 006 |
0.05 | |
% 0.04 | K}QKEKE
N c T e ] {
- “rr el ¢£
o2 A ey’ KV
<
b \ L. e el . n_n nonnnnl |
_§ 0.01 = 2
Y

Integrated luminosity (ab™)

N




Super 15
Right-handed currents @iﬁ

Atwood, Gronau, Soni (PRL 79, 185 (1997)) YL
Atwood, Gershon, Hazumi, Soni (PRD 71, 076003 (2005))
* in SM b \ ). 2
* BO_)XSCPY IS S
. ~flavor-specific (y polarization) b—ssy S E
. -> low CP- asymme‘rr'y O(3%) Cp SR
PRDY (2008) 071102 |TR— OO0
> : . 038 |
lar‘ge GsymmeTry % gRII!) 74 (2005) 111103—*——?4 032 0% 0'0?
A : : -0.16 + 0.
<-> H\lé?\rg%grrelated average | *'x"‘ ______________ .0_'1.6__-(‘).2?_
right-handed current . BARY (2008) 071102 A= 0.17£026.+0.03
© Belle R 010+ 0.31 4 0.
c N N PRD74 (2005)111104(RY‘_§*'?'_‘ °1°+°3H°°?
: " - = 0.15 + 0.2t
. drren y ﬁ\lé/e\g%grrelated average _'A“"' S ozp
ConSISTenT WITh no b"'.""‘.'.‘Ba~8ar e ....?:‘.'.. l 018 +012.
o= * .;,-
»  Average i 0.18+0.49
(but need more data for | % _ .-..g_FA_.Gferte.'ét?éaY LT ) A
e Il : P 114033
good SenSIleTy...) o: PRL 101 (2008) 251601 Tk o o
) Average : # 0.11+0.34
X HFAG correlated average % H
-2 -1 0 1




Right-handed currents

CP asymmetry in B — K 1t%

Super 16
KEKB
west for BSM

1
<
.9
v
Q -
o \\ : b SY SCP Winter 2009
S iz e S R / PRELIMINARY
T~ BaBar P :0.03 £ 0.29 £ 0.03
. PRD 78 (2008) 071102 — :
-1 : 5 i +0. "
10 b b
Average : 0164022
______ N7 R HFAG correlated average~ il
e BB T
P PRD 78 (2008) 071102 -t
107" 1 10 Belle 8
. . . L(ab™) PRD 74 (2005) 111104(RIT— % :
intfegrated luminosity X Average E 0154029
HFAG correlated average *g :' '
= BaBar 0.18 23$+o12'
—  PRD 79 (2009) 0111 *— —
»  Ave L 0.18+0.49
< HFAG %orrelated avérage * :
B P e e e ‘033.055-
o, PRL101(2008) 251601 Tk s
»w  Average : i 0.1+ 0.34
X HFAG %orrelqted average % H
-2 -1 0 1



Super 17
B*->T*v, : constraints on charged Higgs @%:ﬁu

B(B— 1v) =B(B = 17V)sm X TH b W k
mB . 22 o
rg = (1 - —5tan“p) u V.

My {WS Hou, PRD 48, 2342 (1993)}
(Belle) 0.65 ab!
B(B - Ttv)=(1.7+04+0.4) x 10~* (extrapolation) 50 ab-!
1000 ——mm
i allowed i
800 S00
S | 5 |
Em~ 5600_
2 | 2 |
2 w0 £
- S
200P 200-
& 20 40 %0 80 100 % 20 20 50 0 100

tan 3 | tan



Super 18
Lepton universality: B>uv @_"E,":B

SM:
B(B->tv) = 1.6x10-%
B(B-> uv) = 7.1x10-7| expect observation with ~4 ab!

B(B-> ev) = 1.7x10-1

B | TA'A #+
W .,H
100_ L L S B B B B A B B S 7 R Mg
- I Vi Yu

B->tv
B-> uv

Significance

deviations from SM
sensitive to NP

T T 1D
Luminosity (ab1)




. Super 19
Lepton universality: B > DO tv @_"E,":B

universality via semileptonic decays

m, tan B+ m, cot B T =bo
7 ’Q - o (B — Duv,)

\
H*/W+ ' m tanf
, 04

VT " Hanp=10
B(BO->D*"CV) = (20i04i04)°/o ’ o w0 0 w0 om0 0

[PRL 99, 191807 (2007)] My (GeVIE) M.Tanaka

06
tan p=20

(B — Dtv,)
I'(B — Dpv,)lsm

- Ratio (t/u) is sensitive to charged Higgs (similar to B>t v)

B>t X decays probe NP in different ways:
‘B>t v: H-b-u vertex
‘B->Dtv: H-b-c vertex




Super 20
D mixing/CP violation @_"“‘:ﬁu

L I E— _
& VI future B factory: 75 67| | For 75 ab!
- F Ty CPV allowed
1 rue value = (0.80,0. . ..
T , 1x=0.8 »>40 significance on x
: y=0.8 >b0 significance ony
0.9
E
08
i & [ |Future B factory: 75 ab” | |
0.7 g 0.2 Twevawe=(0900) | | | |
E 0.1~
05 06 07 08 09 1 11 E
x%) O
0.1
|q9/p|=0.9 02f
~40 significance on 1-|q/p| |
0875 08




=> what we need is

Billions
and
Billions

of B's
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Super KEKB Luminosity projection @L’CB

50 —————— ———F———— 50ab-1 by ~2020
x50 present

N

“~
L~8%x103° cm—2s-!

~ 2016 10ab™

DPF 2008

3 year shutdown
for upgrade
1 : 1 1 1 ; 1 1 1 I 1 1 1 I 1 | | | 1 1 1 I 1
2010 2012 2014 2016 2018 2020

N
&)
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII




Super 23
KEKB luminosity upgrade strategy @_"fﬁ

>< "hano-beam"” scheme (proposed by P. Raimondi for
~ Italian Super B factory)

| 1.8A(LER)/1.45(HER)~> 3.8A/2.2A

Beam-Beam parameter

/ Geometrical

reduction factors
y+ (crossing angle,
= hourglass effect)

Lorentz factor
Beam current

N

5
L=r|14
2er, _ O

6.5(LER)/5.9(HER)
Vertical beta function at IP 9026/026

Beam aspect ratio at IP

Minimum value is limited by hourglass effect




Super 26
Detector: Background projections @lﬁ

30 | 90 Belle detector
2 SVD | SuperKEKB

| (hi-current design)
10 normalized to

current rates

_201 0 2015 2020 2025 ’ 2000 2015 2020 2025
7, P — 30
20 Issues
| Radiation damage
v Occupancy
) Y S Fake hits, pile-up
2010 2015 2020 2025 2000 2015 2020 2025 Eve n 1_ ra Te
30 — S— — year
B Beam Gas + Touschek
- KLM (FWD) B Synchrotron Radiation
i | Luminosity term
10 >
3 Design upgrade to tolerate
{ o o
0 =l —‘M il . ~20X at full luminosity




Super 27
Detector: Belle IT o)A

Design Study Report
arXiv: 0810. 4084

,,,,,,, N

Upgrade of Belle ’

to operate w 20X background, 50X event rate
baseline: current performance + lmproved PID

,’ S/

)|

Baseline design - not fina

Satisfies minimum requirements |

Many alternatives under study:
Design to be fmallzed in 2009

Physics studies \
Detector simulations based on
Geant 3, fast simulator, Geant 4

e >l

DPF 2008

(S
o
<

)

(@]
=
N
hV4




Super 28
Belle IT baseline KEKB

Faster calorimeter with
waveform sampling
and pure Csl (endcap)

KL/u detectio
with scintillat

J /liffi" L)/ f ‘
‘:: N

' erininiy
1 o e
. \ [AC Kin d t t J
New dead-time-free \ __tracking detectc

pipelined readout and @W;‘@V‘ |
§§§§§§§ﬁ ! vers, pixels

DPF 2008

high speed
computing systems
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Status of project




KEK Roadmap Super N
KEKB
T L uest for BSM

J-PARC

KEKB Placement of KEKB upgrade on

_experiment | upgrade ____experiment + upgrade | L[ N QU URFA00):))
LHC -> official priority of KEK

PF/PF-AR

experiment + upgrade

R&D for Advanced Accelerator and Detector Technology

Detector R&D

ERL
C-ERL R&D

construction test experiment
PF-ERL LELS

construction experiment

ILC R&D
A NNNNNANNNNANNNN

construction

» 3-year upgrade: 2010-2

- L ~8x10%° cm2s1

» Funding: 3.2 x 107 ¥ (~$32M) for FY 2009
request for construction (2010-): $350M

K. Kinoshita



Super 39
KEKB

uest for BSM

Belle IT Collaboration

* New international collaboration (not extension of present Belle)
http://superb.kek.jp

*First meeting December 2008
y HZXT m€€T|n9 NOV 18"9, 2009 ustralia
» Spokesperson: P. Krizan (L jubljana) ;

US institutions -
University of Cincinnati
University of Hawaii
Virginia Tech
Wayne State
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Super 40
Summary Lo

» B-factories 1999-2009, >1.4x10° B pairs:
firmly established CKM as main source of CP asymmetry
at low energy
placed multiple constraints on CKM unitarity
high precision -> probe for New Physics
rare processes as windows to New Physics
incl. D mixing, tau decays

+~102X luminosity will probe >1 TeV mass scale
precision CKM, CP, lepton universality, LFV
(complementary to LHC)
 KEKB upgrade for L=8 x 103° included in KEKB Roadmap
-SuperKEKB/Belle IT plans well underway
new international collaboration forming




