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Jiscovery of CP violation in BB system ;_

Raw asymmetry (good tags)

1=

Belle, July 05

MR B
6 -4 2 0

At (ps)

Y

=

' i'“

- 1 -

Y
‘~.
e

N
;#
*i
.
324

O

L4

I Quantitative confirmation of the KM model
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Achievement of the B Factories

U Quantitative confirmation of the KM model

E HJ]

Press release from the Academy

“As late as 2001, the two particle detectors BaBar at
Stanford, USA and Belle at Tsukuba, Japan, both
detected broken symmetries independently of each
other. The results were exactly as Kobayashi and
Maskawa had predicted almost three decades earlier. *

The next challenge is to find
what KM cannot explain !
It requires >10'"° B and 1 pairs !
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Physics Reach at Super-KEKB/Belle

Deviation from SM

Present
exp. limits

CP asymmetry
in B—KKK, ¢K and n’K

2

| L
oW, VZa) P LD LI |
l{m_ 1 1 T | 1 1 1 | T 1 1 | 1 T
. Search for H* in B—tv
Em_
< I 50ab'as
> g0l 56 disc
!

'
.

AS($pKO?)

AS(n’K?) 0.1 0.038 0.020
AS(KgKgKs) 0.33 0.105 0.037
AS(Kgn%) 0.32 0.10 0.03
Br(Xsy) 13%

Acp(Xcy) 0.058 0.01 0.005

Co [Arg(KH)] - 1% 4%
CoolAmg(KH)] 13% 4%

Br(B* — K*vv)  <9Br(SM) 33ab! for po discovery
Br(B* —1tv) 3.5¢ 10% 3%

Br(B* —uv) <2.4Br(SM) 4.3ab" for|5c discovery
Br(B* — Dtv) - 7.9% 2.5%

Br(t —uy) <45 <30 <8

Br(t —un) <65 <20 <4 X1
Br(t — 3p) <209 <10 <1

Asin2¢;, 0.026 0.016 0.012

A®D, (pr) 68= 95° 3° 1=

AD,( Dalitz) 20° 7= 25°

AV, (incl.) 7.3% 6.6% 6.1%

~ Physics at Super B Factory (hep-ex/0406071)
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From Hadron Physics Point of View

Discoveries of new resonances at Belle C StUdy of detailed properties;

800 7 JPC, production & decay.
~  =aa | Ywee0) |[Zaas0y] 4
T 700° Y(4008) ~
EGOO D, ,(2860) B More states;
e D,,(2700) i ~C
@ 500 X_.(3000) ~ =5 —Decaying to cc and K
k= /| Y(4320) <
£ 400 = — SS counter-part
= X(3940), Y(3940) / XCZ —
5 300 ,~ Y(4260) ------ | - bb counter-part
£ = baryon »/ by quick energy scan
Q 100 Bo™ & D"y D¢,(2317/2460)
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Tau decays is also unique tool to @@@ @@
study QCD. O) O)
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Super-KEKB Strategy

Three factors that determine luminosity

Stored current: Beam-beam parameter:
1.7/1.4 A (e*/ e KEKB) 0.059 (KEKB)
— 9.4 /4.1 A (SuperKEKB) — >0.24 (SuperKEKB)
Lorentz factor
*
L Ty ey R

2€r, oy) P¢ \R
e X y y
Geometrical reduction factors due to
Clg6sical electron radius Beam size ratio \ crossing angle and hour-glass effect

Luminosity: Vertical  at the IP:

0.17 ><10° cm?s™! (KEKB) 6.5/ 5.9 mm (KEKB)
5><10°° cm?s™! (SuperKEKB)

— 3.0/ 3.0 mm (SuperKEKB)




-_ ‘ Crab crossing ‘ .
— y=0z=3mnm
-_____ Crab cavities
Crab cavities intalled and e basn
undergoing testing in beam :ieiﬁs S u pe rKE KB e+ 94A

More RF sources ’;\%i\'

More RF cavities
>

Energy exchange

The superconducting cavities i

will be upgraded to absorb

more higher-order mode H |g h er curre nt
power up to 50 kW.

The state-of-art ARES
1— copper cavities will be
upgraded with higher energy

St 4~ More RF oo o0 2 10 49001
NEG Pump {—J’-th
New vacuum system
y Lo 7 (14 oy R, !

. _aw . 2er . ox N&J\Ry )
= e T + Linac upgrade

The beam pipes and all
vacuum components will be

replaced with higher-current Wi” reaCh 8 > 1035 Cm'28'1

design. 10




!\._!!AL or comnonentc: Coct & Fffocte

Oku-yen

: 178
NeV\{ beam Enable high current (incl. BPM, X1.5
pipes Reduce e-cloud
magnets, etc.)
New IR Small B* 31 X2
e+ Damping |Allow injection with small 40 incl. linac if not,
Ring increase e+ capture upgrade X0.75
l\/\?re RF gnd High current P 179 N X3
cooling systems = (incl. facilities) -
Crab Cavities Higher beam-beam param. 15 X2 - X4

ltems are interrelated.

Tunnel already exists.
Most of the components (magnets, klystrons, etc.)
will be re-used. 11



Vacuum Svstem

High currents (9.4/4.1A) & short bunch (c,=3mm) lead to;
— Intense SR power

Max. power density of 28kW/m (40W/mm?) even at half aperture.
— High Photon density

~1x10"9 photons/m/s in average.

— Intense HOM power
For a loss factor of 1V/pC, loss power is ~200kW.

Copper beam duct w/ ante-chamber

Pump

. . . 15107 ———————
TIN COatlng on inner Surface [ ® \fA_F.‘Er'v'tDDﬁ_‘J‘v‘IG:CURREI'JT 2006.05.17
™ _VAPEMDOZ WIG CURRENT |12008,03.1]
to decrease secondary electron 810"
yleld (SEY); maX'SEY~O‘9 % Without TiN Coat </
Clearing electrode P
. o g o
A possible measure even inside 5 axi0® | _
of magnets 8 ' | With TIN Ceating
2x10° |

0 200 400 600 800 1000

LER Beam Current [mA] 12



EE & SrEE BN S S8R
B D P T T T
Beta (hor.) at IP B
Beta (ver.) at IP B, ~6.5 10 3 mm
Bunch length o} ~7 5 3 mm
Crossing angle 0, +11 +11 =+15 mrad
Move final focus quad. closer to IP 6=150 . | SuperkekB | 917

i QCSL ESL-T ~_EsL-2 ESR-Z_——@CSRESR-1
for lower beta functions at IP. - - - —

Preserve current machine-
detector boundary.

Rotate LER 8 mrad. ""**?ii;_;\_-\EF c KEKB |~
B Crossin g angle: 22-> 30 mrad - == ":{5?*‘;:;.,..;;;_-:::;:;;ﬁf"""""Tﬂ . OCS_R
! : CSL S
QCS and solenoid compensation = ESL TS ESR————
magnets overlap in SUPerKEKB. o gy
Issues Causes
Physical aperture around IP Lower 3 at IP
Dynamic aperture Lower B at IP ~,> Damping Ring
Detector background Higher beam current
Heating of IP components Higher beam current & shorter bunch length

13
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Adopt the same RF frequency as KEKB and use the existing RF
system as much as possible, with improvements as necessary to
meet the requirements for SuperKEKB.

Construction cost is greatly reduced.

Technical uncertainties are relatively small.

mal conducting cavity

- 1
£

ARES Nor Superconducting cavity
RN T . .

e

s e el ~5INEE
Normal-conducting ARES cavity: LER + HER Superconducting cavity: HER
Passive stabilization with huge stored energy. S. Mitsunobu et al.

T. Kageyama et al.

14



Well-conditioned
energy—storage cavity

Ly

Normal Conducting cavities (ARES):

— Upgrade of ARES with higher energy storage ratio. (left)
— High power rf input couplers.

— SiC dummy load with higher power capability (right).

Superconducting cavities:

— The expected power load to the HOM absorber is 50 kW/cavity at 4.1 A,
(even) with a larger beam pipe of 220 mmp.
— HOM damper upgrade may be needed.

15



Crab Crossing at KEKB

Crab Crossing can boost the beam-beam parameter > 0.15 .

22 mrad.
crossing

crab crossing

-

il

l ;“'The squashed cell shape cavity studied
/by K. Akai in 1991 and 1992 under KEK-
« Cornell collaboration.

Crab Cavity & Coaxial
Coupler in Cryomodule
K. Hosoyama et al.
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Iy LER  (Simulation K. Ohmi)
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Test of Crab Crossing

Beams have been indeed tilted!

inside of outside of
the rings the rings
A
4y}
£
S Observation with streak
=2 cameras (H. Ikeda et al,
2 v PACo7 FRPMNO035)
LER — HER
horizontal

17



Specific Luminosity With Crab Crossing

25—+~ Crab Crossing
= [ H, 0 SP- BXTTEY &
2 :
> _ 20 _ _
E'-‘:li I Simulation
:'? e | ] head-on
B =15~ pefore crab,
on [ ] _
Sw [ el N tune shift was
= I A S S ST 0.055
= E 10— 3.06-bucket spacing o L. ¥
—lo I : =i _ _
Lo | i ] e Simulation
= _f 22 mrad i
O 5_ mrad crossing ] 22 mrad
ab) L
o I
3]

I B B B R R B
00 2 4 b 8 1 1.2
lbunch HER ™ lbunch LER [MA?]

A number of measurements indicate effective head-on collision.

The vertical tune shift went from 0.055 to 0.088.

The specific luminosity/bunch improved by more than just the geometrical
gain, by about 15%.

Need more time to achieve the goal (X2 specific luminosity). 18



Super-Belle Strategy

Issues
» 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/pixel 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.




Super-Belle (Baseline)

ECL

el

KL/u detection

P + Aerogel-RICH

RPC — Scintill:

+SiPM(endcag

New D

comptl

small cell
lever arm




Background Effects | saua et

B Effective background with new hardwares

-_ Effective bkg

Shorter t, 50/800=1/16=1/12.5
CDC Smaller cell <2/3 ~13 ()
PID Brand new device Good enough 0~1
B-ECL  Waveform fitting 1/7 1~2
E-ECL  Pure Csl (shorter t) 1/200 0~1
KLM Faster detector, finer segment  Under control 0~1

(*) Software efforts needed for CDC
B Background effects on tracking

Gain in reconstruction efficiency of B>D'D’(D"—Dn,, D—K3nr)

Present Belle Software update +SVD tracker
Present €=4.3% e=7.1% (+65%) e=11.9% (+177%)
=<5 BG £=6.3% (+47%) e=11.2% (+160%)
=20 BG £=3.8% (-12%) £=8.8% (+105%)
We know how to handle the background. 21




KEK Roadmap

KEK’s 5-year roadmap.
3-year shutdown for KEKB upgrade
— 0.5-1year delay, KEKB will runin FY2009

KEK management in close contact with MEXT.
— “Investigation money” requested in FY2008.

KEK Roadmap

+ J-PARC
« KEKB
exporiment
« LHC
« PFIPF-AR
» R&D for Advanced Accelerator and Detector Technology

Hope

construction test experiment

Zal reo_constuction __ewemenill  POSitive effects from
the Nobel Prize ...
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Luminosity Prospect

. 150ab by ~2020

for upgrade

3year shutdown (

X350 present

[

Results from
LHC(b)
Situation of LC...

10x present)

L~8x1035 cm-

N

S

2010

2012

1 I 1 | | | | | | | 1
2014 2016 2018

| | |
2020

-1
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New collaboration

B Super-Belle will be a new international collab. - = =~

— Two proto-collaboration meetings in Mar&Jul, 2008  —
« Participation of new people from Germany, India, U.S., Japan,... .

— Kick-off of the new collaboration: Dec.10-12, 2008. -—-

« Still many sessions will be open.

B Near-term plan (preliminary)
— Detector study report has been completed.

Super-Belle webpage

http://superb.kek.jp/
— Detector proposals (by summer 2009). ML subscription is available.

— The final detector design by Dec. 2009.

2008 2009 2010
|10 11 112 ] 1 1213141516l 7I18l91l10l11I112 ]| 11213/ R
KEKB Speratlon > >
Detector proposals Internal review
Kick-off,]\meeting T
(Dec 08) TDR
>
Actions to invite new collaborators -




Summary

KEKB/Belle has been running successfully, and brought important
scientific and technical achievements.

Next generation e*e™ B factory with L~103° will be very useful to study
the new sources of flavor mixing and CP violation.

It must be very interesting also from hadron physics point of view.

Super-KEKB: the target luminosity is 8 x 1035cm™s™, based on existing
or tested technologies (mostly), which enables us to accumulate
10ab™ by 2016, and 50ab™ by 2020.

Super-Belle: detector upgrade studies are in progress, and will be
finalized in 20009.

New collaboration is being formed; the kick-off meeting on Dec.10-12
at KEK (many sessions will be open).

We are trying to get ready soon.  Stay Tuned !

25
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| imac lInorade Pulse beam kicker for quick beam
R switching (50 Hz).
=) Start testing this Fall
Intensity Upgrades
£ e e+: stronger focusing field in capture
section after target.
1.7-GeV :
i o — e-: increase bunch current from pre-
injector
f H ] " HER
C 1 2 4 5
Y <+—(C-band modules—
&0 LER

Energy Upgrade (Positrons)

Replace S-band (2856 MHz) with

C-band (5712 MHz) RF system to double

field gradient in downstream section of

linac.

C-band linac:

+ completed a single section in the linac
with 4 structures

+ Performance was satisfactory with beam.




Damping Ring

Positron emittance needs to be damped, to pass reduced
aperture of C-Band section and to meet IR dynamic aperture

restrictions.
— Electron DR may also be considered later to reduce injection
backgrounds in physics detector, but for now only positron DR
considered.

Damping ring located downstream of positron target, before
C-Band accelerating section.

28



