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The KEKB Collider

Belle detector g y 3.5 GeV
22mrad crossing angle

World record:
L = 1.7 x 1034/cm?2/secC

Qa — e* source
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Belle spectrometer at KEK-B

u and K; detection system
Aerogel Cherenkov Counter

(14/15 layers RPC+Fe) R
= S\ % (n=1.015-1.030)

Silicon Vertex Detect
(4 layers DSSD)—_

Electromag. Cal.
(CsI crystals, 16X,)

- N Central Drift Chamber
I“ \\ N Ve (small cells, He/C,Hg)
" o ToF counter
1.5T SC solenoid
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B factories Belle and BaBar: a
fantastic physics harvest

CP violation in B system:
from the discovery
(2001) to a precision
measurement (2006)

sin2¢,=sin2p from b->ccs

535 M BB pairs

Entries /0.5 ps

Asymmetry

400F po 0
: B —)J,"'IIIK ﬂ BO tag

BO tag

sin2¢,= 0.642 +0.031 (stat) £0.017 (syst)
A = 0.018 £0.021 (stat) £0.014 (syst)




2006: Hints of NP in 6 = sPenguins ?

sin(2p* )-

f2¢1 Bl

Smaller than b—>ccCs
in all of 9 modes

some of recent QCDF estimates
aE o
sin2Pt_s— sin23
T | T |

Theory predicts
positive shifts

Asin23

Naive average of all b = s modes

sin2fetf = 0.52 £ 0.05
2.6 o deviation from SM
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bces World Averagel i B.i_ 0681003
. BaBar j 0.1240.31 £0.10

X Belle i |8 . 0.50+0.21+0.06

< Average : : 0.39+0.18

o 'BaBar T T OBE X 04040.03”
?; Belle : : M 064%0.10£0.04
Average M 0611007

¥ BaBar I »—"g[—- 0.66 + 0.26 + 0.08
" Belle ! —+—4l ! 0.30+0.32+0.08
N Average 1 i S Lo 051x021

- BaBar ; 0.33+0.26 £0.04

X Belle _. i—+— 4 | 0.33:035:0.08
L, SR oy | 5 S o
' BaBar ._ — 0,20+ 052+0.24

o Average ; b 0.20 +0.57
T T BaBar T T [ 06275 10.02]
X Belle ; R 0.11 +0.46 + 0.07

" Average i P 0.48 + 0.24
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B factories Belle and BaBar:
new techniques

Fully reconstruct one of the B's to: Q(B
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest

B f (| BX,lv,
o /veJr\(g 5GeV) O
(8GeV o) <+ ' B-=>Dzv, tv

T
\B“/ full reconstruction

""""""" < - B->Dr etc. (0.1~0.3%)

Offline B meson beam!

Powerful tool for B decays with neutrinos
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Fundamental Questions in Flavor Physics

Are there New Physics Phases and New
sources of CP Violation Beyond the SM ?

Experiments: b->s CPV, compare CPV angles from tree and loops

Are there new operators with quarks
enhanced by New Physics ?

Experiments: A.z(B>K'l |), B>K & rates and asymmetries

Are there right-handed currents ?
Experiments: b->s y CPV, B>V V triple-product asymmetries

Are there new flavor changing
neutral currents ?
Experiments: b->s v vbar, D-Dbar mixing+CPV+rare, T-2pny

These questions can only be answered at a Super B Factory.
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Super
Q KEKESM Az(B>K* |+ I)[g4] at Super B Factory

_
Sensitivity at Super KEKB
B A I A R
- MC, 50 ab-! -
Forward-backward E SuperB FSIM B—KI'l'at 50 ab™ E
asymmetry “-5:— T S + E
_ + i
r ol —|—f+ -
B - ]
o) ns__ —
K* i .
'1_. L I B B B
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» Zero-crossing g2 for Agg will be
determined with 5% error with 50ab-".
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Super
KEKB  CPVin b = s and diagnosis of new physics

> uest for BSM

_
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Expected precision at 5ab!
Example: CP asymmetry parameters S(¢Kc) vs S(K™0y)

Many other examples of using correlations to distinguish new

physics scenarios have been examined.

T.Goto, Y.Okada, Y.Shimizu, T.Shindou, M.Tanaka (2002, 2004) + SuperKEKB Lol
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Super B factory strong points

Clean environment > measurements that no other experiment can
perform. Examples: CPV in B - ¢ K%, B - n’KP for new phases, B -
K% for right-handed currents.

“B-meson beam” technique - access to new decay modes.
Example: discover B> Kvv.

Measure new types of asymmetries Example: forward-backward
asymmetry in b - suu, see

Rich, broad physics program including 5, t and charm physics

Examples: searches for = = uyand [0-D mixing with unprecedented
sensitivity.
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Super B factory and LHCb: complementary

Sensitivity Comparison ~2020

LHCb 100 fb-' vs Super-B factory 50 ab-1
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Super
@ KEKE, Super B Factory at KEK

I

Interaction Region

New Beam pipe a Crab crossing

0=30mrad.
By*=3mm
New QCS

1l e 5 ~Led
\'_I\

Ante-chamber & solenoid coils
to reduce photo-electron clouds

More RF power

NEG Channel

rﬁ

\R‘T Damping ring

-

~

S G ' Linac upgrade || = 8+1035/cm?2 /s
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Upgraded Components for SuperKEKB

{]. Movable mask New QCS

(Final focus system)
M_ Crossing angle
] 22 mrad (KEKB)

[y p— SuperBelle
— 30 mrad (SuperKEKB)

New IR
Crab cavities

New beam pipe
& bellows Ante-chambers,

comb-type bellows, HOM absorbers

More RF sources ’._ J

3
.\

N

HAFIK

More RF cavities

- Energy exchange v :
C-band § <a . .
> ° # ‘ Damping ring
C-band accelerating ' bt
structures o ’ Flux concentrator+L-band

NEG Channel Positron source

4
\ 1 ‘ Electric power consumption
45 MW (KEKB)
. — 83 MW (SuperKEKB)
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— 16




SuperKEKB strategy
e Target luminosity is 8 x 103> cm=2s,

e Use components of KEKB as much as possible: magnets,
klystrons, tunnel, existing facilities, ...

e Continuous injection and a powerful injection system is
necessary: considerable experience with the continuous
injection, operated successfully at KEKB.

e Ultra-High beam current: 9.1 A(LER) and 4.1 A(HER).
e Low beta function at IP to improve luminosity

— Interaction region(IR) should be designed to satisfy
requirements of low beta at IP, physical and dynamic aperture,
SR, detector backgrounds, etc.

e Finite crossing and crab crossing scheme is needed for a
ultra-high beam-beam parameter.



Crab Cavities have been installed
in the KEKB tunnel (1 cavity per ring)

RF deflector

(crab cavity)
. Kick I
| ¥ o >
y - g _d
_ g
=% crossing angle

LER (3.5 GeV, positron) HER (8 GeV, electron)
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Summary of current KEKB Status

* The crab cavities were successfully assembled and have been
operated at KEKB with beam. No serious problem has been
found so far, at least at low current.

* The first crab crossing was done at KEKB.
(~30 years after the idea was first proposed
by Bob Palmer)

Head-on collision with a crossing angle was achieved. Highest
beam-beam tune shift 0.08 (before 0.052).

Large gains in physics luminosity will require more time for
tuning and development of method to optimize the machine
since a higher beam-beam parameter is very sensitive to
machine errors.
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SuperKEKB R+D status

A technically feasible design of SuperKEKB has been made

with 8x103> cm~2s1 [luminosity.

SuperKEKB R&D is in the engineering phase for the ultra-high
current scheme.

— Realistic lattice design, dynamic aperture is OK.

— Crab cavity, ante-chamber, new bellows, C-band structures,
upgraded ARES, development of powerful BxB feedback
system, new QCS, ...

— These items have already been or will be tested at KEKB.

— More in "Letter of Intent for KEK Super B Factory”, June
2004. (numbers should be updated.)

Having such a baseline design, KEKB group is working on the
design with lower beam current + lower emittance under
close communication with the SLAC/Frascati SuperB team.
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Requirements for the Su

Critical issues at L= 4 x 103%/cm?/sec

» Higher background ( x20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

- higher rate trigger, DAQ and computing
» Require special features

- low p u identification < suu recon. eff.
- hermeticity < v “reconstruction”

Possible solution:

» Replace inner layers of the vertex detector
with a silicon striplet detector.

» Replace inner part of the central tracker
with a silicon strip detector.

» Better particle identification device

» Replace endcap calorimeter by pure Csl.

» Faster readout electronics and computing
system.

May 24, 2007 KAONO7, Frascati
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Detector issue: backgrounds

KEKB | SuperB

Bkg increase

SVD CDC PID/ECL KLM

Radiative Bhabha i Peter Krizan, Ljubljana



Belle Upgrade for Super-B

CslI(Tl) 16X,

SC solenoid

e Csl (endcap)

1.5T

u/ K, detection | i [
14/15 lyr. RPC“" : TOP” or DIRC

- tile scintillator

e/C He

d/’ erlyrm/

F8i r<20 ¢

New rea
and

compu
systems




http://www.jahep.org/hec/doc/jahep_tenbou_eng_final.pdf
Prospects for Elementary Particle Physics

The Japan Association of High Energy Physicists (JAHEP)
October 25, 2006
(An excerpt)

We, the Japanese HEP community, recognize that physics at the energy frontier is of pri-
mary importance. With this understanding, we give the highest priority to the realization
of the ILC. Before the ILC experiment commences, we will also promote flavor physics that

is complementary to physics at the energy frontier. We should pursue the above two goals

as a single master plan.

Based on these achievements, we will endeavor to make neutrino and kaon experiments
at J-PARC successful, and promote an upgrade of the B factory to achieve a significant

breakthrough in luminosity in order to explore new physics that emerges in the phenomena

of b, ¢ and 7 decays.
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Recommendation by Belle-PAC

« The committee provided a strong endorsement for
SuperKEKB at the meeting in April 2007.

In summary. the commuttee reached the following conclusions:
1) We endorse strongly the realization of a very hugh luminosity e e” B meson factory for
its potential to imvestigate physics beyond the Standard Model and mmprove our

understanding of electroweak and strong dynamaics.
2) We think that a timely realisation of such a facility 1s important so that several tens

of ab™ of Y(4S) data can be collected by the middle of the next decade.

3) We think that KEK 1s an 1deal laboratory to realise such a project by upgrading the
existing KEK-B accelerator. It has a proven record in producing high performance
e e machines and a successful and highly motivated experimental group. which could
act as a catalyst for the new collaboration. Having the kaon and neutrino programme
at JPARC. KEK would become a unique place in the world to explore flavour physics

that 1s a complementary and. 1n some areas. more sensitive approach to investigate
physics beyond the Standard Model than the experiments at the high energy frontier.

M This is also an important support from the int'l community.

May 24, 2007 KAONOQ7?, Frascati Peter Krizan, Ljubljana




Integrated luminosity (ab")

Proposed schedule for SuperKEKB

Total cost ~290M<£(~398 MS)

10
| SuperKEKB
Loear™1.9 X 103 1.5-3X10% -8 X 1035
o "‘; < ) <
6 —
~10B BB and
Tt every year
4 [# rab cavity installatioﬁj
Belle is here. | v
2 0.7ab! :
0 | T T T T | T T | T T |
2000 2004 2006 2008 2010 2012 2014

Calendar year

17

Y. Ohnishi, FPCPQ7, Bled, May 16, 2007



Summary

B factories have proven to be an excellent tool for flavour
physics

Reliable long term operation, constant improvement of the
performance.

Short term plan at KEK: increase luminosity x2 by a crab cavity
Major upgrade in 2009-10 -> Super B factory, L x50

Essentially a new project, all components have to be replaced,
plans exist (Lol), nothing is frozen... €-> close collaboration to
the SuperB project

Expect a new, exciting era of discoveries, complementary to
LHC

Do not miss the chance to be part of it...



Additional slides
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A Broad Unbiased Approach to New Physics

v experiments,
LHC, ILC 9,-2, u—ey, etc.

\ /

Mass spectrum; v mass and mixing,
interactions CPV, and LFV

Quark sector

t LFV, Flavor mixing,
1t CPV | CP phases

Super B factory,
LHCDb, K experiments...
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Specific Luminosity at KEKB

2T T ] BURERRRRRS
. . Crab-crossing
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The highest beam-beam is ~0.08.

~ Before crab,
beam-beam 1s 0.052.
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2006 2008 2010 2012 2014 2016 2018 2020
| | | | | | | |

J-PARC v, n constructlon
' J-PARC v, K experiment

J-PARC n, n experiment

Budget transfer

Y__________

PF upgrade J- PARC R&D upgrade

Budget transfer
ERL prototype

ERL construction experiment

experiment

KEKB upgrade experiment m

ILC R&D Budget transfer

ILC construction experiment




K. Oide (Leading
Japanese Accelerator

Physicist)

Bt DAl Y T

“Dai-repoton

! keikaku”
Grand Lepton Collider Project
We will do everything: ILC, SuperKEKB, J-Parc.
2007 2010 2015 2020
m@, | (Numbers are estimated FTE)
ILC ® R&D II o
/ i e "M Bdget of Japanese

Super [» 0 .
KEKB  Constl w accelerator physicists

Constr./ COmIT
J-Parc

| e

=All members of KEK-ACCL will have both duties for ILC and SuperKEKB.

*The weight between SuperKEKB and ILC is subject to change, depending on the readiness of ILC.

*The individual role and weight in the two projecis should be flexibly managed by considening
time, spedality, and occasion.

Official Announcement from KEK director A. Suzuki on Super B expected in 2007




Milestones toward approval

Japanese
HEP community

Academy of Science  CSTP

: O\

Lol KEK’s
June 2004~ decision > MEXT ——> MOF
[ /]\
Support from the _
int'| HEP community Review panel
Review
committee
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