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KEKB-I / Belle Run 
completed on June 30 !!
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What’s next ? 

   LHC has started  to explore the TeV region, which is the scale of the electroweak 

symmetry breaking, and most probably related to the “New Physics” scale. 

   It is natural to assume that the NP 
      effects are seen in B/D/tau decays. 

   Flavor structure of new physics? 

   CP violaIon in new physics? 

   These studies will be useful to   
      idenIfy mechanism of SUSY  
      breaking, if NP=SUSY. 


   Otherwise… 

   Search for deviaIons from SM in  
      flavor physics will be one of the  
      best ways to find new physics. 

Search for New Physics in precision meas. 

In order for the flavor physics to be useful in  
the LHC era, the precision of  various 
flavor measurements must be significantly  
improved, both in terms of experimental reach 
and understanding of theoreIcal uncertainty.
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What’s next for Flavor Physics ?


•  Relentless pursuit of anomaly/deviation.  
    Approach complementary to LHC to discover New 

Physics  
•  Ever-increasing precision measurements of B/D/tau 

decays to identify symmetry-breaking mechanism(s) 
in New Physics. 

•  The electron-positron intensity frontier is our answer. 

       (Neutrino physics is another avenue.) 
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The electron-positron intensity frontier  




Low emittance 
positrons to inject  

e- 2.6 A 

e+ 3.6 A 

Low emittance gun


Nano-Beam 
SuperKEKB 

Redesign the HER arcs to 
reduce the emittance. 

New IR with S.C. 
 & P.M. final 
focusing quads 

Colliding 
bunches 

Low emittance electrons 
to inject 

New positron target / 
capture section


Replace long dipoles 
with shorter ones 
(HER). 

TiN coated beam pipe 
with antechambers 

Add / modify 
RF systems 
for higher 
currents. 

~40 times gain in luminosity


e+ damping ring


3.016 km 




Three major factors determining 
luminosity: 

 Stored current: 
   1.7 / 1.4 A (e+/ e- KEKB)  

 Beam-beam parameter: 
 0.09 (KEKB)  

 Vertical β at the IP: 
 5.9 /5.9 mm (e+/ e- KEKB)  

Lorentz factor


Classical elec. radius
 Beam size ratio


Geometrical correction 
factors due to crossing angle 
and hour-glass effect


 Luminosity: 
 0.21 ×1035 cm-2s-1 (KEKB) 
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Major items to upgrade

• New Ante-chamber beam pipes for both rings: 


• 3 km x 2 in total.  
• Al/Cu for LER/HER. 
• Mitigation techniques for suppression of  electron cloud. 

• New IR optics. 
• New superconducting/permanent magnets around IP. 
• Optimization of  the compensation solenoid. 

• Additional normal magnets to reduce emittance.  
• Replace dipoles & change the wiggler layout for LER. 

• New HER arc lattice 
• More precise magnet setting ⇔　power supplies. 
• Rearrangement of  existing ARES cavities with additional

 power sources. 
• Positron damping ring and new positron target. 
• New RF gun for electrons with reduced emittance. 

CERN-KEK Committee K.Oide Mar.,2010




QC1RE


QC1RP 
+corr. coil 

QC1LP 
+corr. coil 

QC1RE 
+corr coil 

QC1LE 
+corr. coil 

QC2LP 
PM 

QC2RP 
+corr. coil  

QC2LE 
PM 

QC2RE 
PM 

Anti solenoid-L 

Anti solenoid-R Cryostat  

Cryostat  

IP 

IR design with superconducting  
& permanent magnets


N. Ohuchi 



IR design


Next Generation B-factories IPAC10


Superconducting magnets 
• Leakage fields of superconducting magnets are  
 canceled by correction windings on the other  
 beam pipe 
• Warm bore  
Permanent magnets 
• Cryostats can be made smaller 
• Assembly of vacuum chamber can be simpler 
• Vacuum pumps can be located nearer IP 
• R&D work needed for developing permanent magnets 
• Temperature dependence 
• Tunability (an additional magnet is needed when changing the energy) 

BELLE-II TDR N.Ohuchi, M.Tawada




Positron Damping Ring 

Electron cloud will be mitigated by TiN coating and solenoid windings. 
Founded for some components such as magnets. 



Shutdown

for Upgrade


1.2 /ab/month 
(8 x1035 /cm^2/s)


0.9 /ab/month 
(6 x1035 /cm^2/s)


0.6 /ab/month 
(4 x1035 /cm^2/s)


Learning 
Curve


50 /ab
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Cost estimation 

Components Cost 
 (Oku-Yen) 

Remarks 

Linac upgrade and Damping Ring 45 RF electron gun, positron capture section and L-band 
acc., 
Damping Ring components, cooling system 

Vacuum System 111 beam pipes (ante-chambers, electrodes, etc), pumps 
and other vacuum components, cooling system 

Magnet System 71 magnets, power supplies, cables, cooling system 

IR upgrade 14 QCS and other IR hardware 

RF System  24 reinforcement of RF stations,  
improve cavities and rearrangement 

Beam monitor and control 31 BPM, SRM, feedback, control system, etc. 

Belle upgrade 19 + in-kind contribution from other institutions 

DR tunnel and buildings 24 DR tunnel, buildings for DR and MR 

Total 339 

1 (Oku-Yen) = 1.1 M USD = 0.89 M EUR (as of 18 June, 2010) 



Copper beam duct with ante-chambers 
 Copper is required to withstand intense SR 

power


Features (compared to simple pipe): 
 Low SR power density 
 Low photoelectrons in beam pipe 
 Low beam impedance 
 Beam 

SR 

Pump 

Antechamber being tested in KEKB 



The Status of Super KEKB


•  Top priority near-term project of Japanese HEP  
•  Baseline design frozen. 
•  Details are yet to work out, in particular, machine-

detector interface issues. 
•  Construction Cost : $340M  

–  Appropriated 

•  FY2009 stimulus money $35M  
•  FY2010 line item : $5M for a positron accumulator 

ring 
•  FY2010 stimulus money $100M 

–  Requested  
•  FY2011 ~$200M 

•  Operation cost ~$70M/year 
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2004.06  SuperKEKB LoI 
2008.01  KEK Roadmap 
2008.03  1st Proto collaboration meeting 
2008.10  Detector study report 
2008.12  New collaboration, Belle-II, started 
     ~300 collaborators from 43 institutions in 13 countries 
~2010.3       4th and 5th open collaboration meetings




European groups of Belle-II 

• Austria: HEPHY (Vienna)      (10) 

• Czech republic: Charles University in Prague    (4) 

• Germany: U. Bonn, KIT Karlsruhe, MPI Munich, U. Giessen, U. Heidelberg 
        (28)  

• Poland: INP Krakow        (12) 

• Russia: ITEP (Moscow), BINP (Novosibirsk), IHEP (Protvino)  (29) 

• Slovenia: J. Stefan Institute, U. Ljubljana, U. Maribor, U. Nova Gorica (13) 

Sizeable fraction of the collaboration: in total 96 collaborators out of ~270 

+ several applications in the procedure (mainly from the DEPFET community) 



Parameters are preliminary


SVD: 4 DSSD lyrs  2 DEPFET lyrs + 4 DSSD lyrs 
CDC: small cell, long lever arm 
ACC+TOF  TOP+A‐RICH 
ECL: waveform sampling, pure CsI for end‐caps 
KLM: RPC  Scintillator +SiPM (end‐caps) 

Belle-II 

Belle 
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Kharkov (Ukraine) 
(used in OPERA) 

Fermilab (USA) 
(used in T2K ND) 

Vladimir (Russia) 
(used in T2K ND) 

1 m prototype tested;  
100 strips 3m are produced 
is being transported to ITEP 

1 m prototype tested  
(produced 3 years ago);  
200 strips 3m ordered; 
Producer sIll can not  
reproduce previous quality 

1 m prototype tested  
(T2K scinIllator);  
200 strips 3m ordered; 

ScinIllator 

SiPM 

Hamamatsu 
1.3×1.3 mm  667 pixels 
specially designed for 
T2K 60k produced 

CPTA, Moscow 
1.25×1.25 mm  720 pixels 
10k produced (used in 
few small experiments) 

Fiber 

Kuraray Y11 MC 
No other competaIve opIon  
High efficiency; long afen. length 

by P. Pakhlov 
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Funding of European groups (in MEUR) 

• Austria: HEPHY (Vienna)     0.6 

• Czech republic: Charles University in Prague   0.8 approved 
       0.3 applied 

• Germany: U. Bonn, KIT Karlsruhe, MPI Munich, U. Giessen, U. Heidelberg 
        3.5  

• Poland: INP Krakow                0.45 approved 
                                                                               0.8 applied 

• Russia: ITEP (Moscow), BINP (Novosibirsk), IHEP (Protvino)  0.6 

• Slovenia: J. Stefan Institute, U. Ljubljana, U. Maribor,  
U. Nova Gorica       0.6 approved 

       1.2 applied 

8.85MEUR




European responsibilities in Belle-II 

Management 
• Spokesperson: Peter Krizan (Ljubljana) 
• Members of Executive board: Zdenek Dolezal (Prague), Thomas Mueller 
(Karlsruhe), Henryk Palka (Krakow), Christoph Schwanda (Vienna)  

Coordinators: 
• Physics coordinator Bostjan Golob (Ljubljana) 
• Software/computing co-coordinator Thomas Kuhr (Karlsruhe) 

Subsystem leaders 
• PXD leaders Christian Kiesling and H.G. Moser (MPI Munich) 
• SVD co-leader Markus Friedl (Vienna)      
• E-PID co-leader Samo Korpar (Ljubljana) 
• ECL co-leader Alex Kuzmin (BINP)  
• KLM co-leader Pasha Pakhlov (Moscow) 



European responsibilities in Belle-II 

Detector subsystem responsibilities 

Exclusively European 
• PXD: DEPFET Collaboration 

Significant European contribution in  
• SVD:  Vienna, Karlsruhe   
• B-PID: Ljubljana     
• E-PID: Ljubljana 
• ECL: BINP Novosibirsk 
• KLM: ITEP Moscow 



Conclusion


      KEKB upgrade plan has been approved  
      June 23, 2010High Energy Accelerator Research Organization (KEK)  

     The MEXT, the Japanese Ministry that supervises KEK, has announced 
that it will appropriate a budget of 100 oku-yen (approx $110M) over the 
next three years starting this Japanese fiscal year (JFY2010) for the 
high performance upgrade program of KEKB. This is part of the 
measures taken under the new "Very Advanced Research Support 
Program" of the Japanese government. 

"We are delighted to hear this news," says Masanori Yamauchi, former 
spokesperson for the Belle experiment and currently a deputy director 
of the Institute of Particle and Nuclear Studies of KEK. "This three- year 
upgrade plan allows the Belle experiment to study the physics from 
decays of heavy flavor particles with an unprecedented precision. It 
means that KEK in Japan is launching a renewed research program in 
search for new physics by using a technique which is complementary to 
what is employed at LHC at CERN."   
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END




Install


Beam pipes


B&Q mag. design/fabricate


Install


Magnets & Power supplies


FY2009
 FY2010
 FY2011
 FY2012
 FY2013
 FY2014


align.


Tunnel construcEon 


RF System


MR construcEon
Beam operaEon


Injector upgrade and DR construcEon schedule


Other magnets


Tunnel & building


Design 


Building construcEon 


Base plan 


cavity design

cavity fabricaEon
 cavity install


HP&LLRF install


Install


Monitors, Control


FabricaEon


FabricaEon


MR commissioning


RF‐gun & laser system


e+ new matching & L‐band acc. 

R&D  


ConstrucEon 


Design study

Commissioning at test stand


e‐ beam commissioning


move 
to A1


e+ beam commissioning


Damping Ring


Linac


Main Ring


HP test


Power supplies

Field measurement


DR commissioning


A1 gallery 
extension 


Jun. 24, 2010




FY2009
 FY2010
 FY2011
 FY2012
 FY2013
 FY2014


Beam pipes (LER_arc)


Beam pipes (HER)


Beam pipes (LER_wiggler)


Magnets & Power supplies


Tunnel clear


Beam monitors and Control


IR hardware


RF system


FabricaEon

TiN coaEng


Install


FabricaEon

TiN coaEng
 Install


Remove magnets 
and beam pipes
 Base 

plates


FabricaEon

Install


Design / FabricaEon

Field measurement


Install

Cabling / Check


Alignment


Layout change / Add staEons / Cavity improvements


Design & FabricaEon


MR commissioning
Beam operaEon


Design


Design


CondiEoning


Test


SuperKEKB Main Ring schedule
 Jun. 24, 2010


Infrastructure
 Building construcEon 

Cooling system


QCS prototype 

QCS fabricaEon


Install & test
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KEKB 
Design 

KEKB Achieved 
: with crab


SuperKEKB 
High‐Current 


SuperKEKB 
Nano‐Beam 


Energy (GeV) (LER/HER)  3.5/8.0
 3.5/8.0
 3.5/8.0
 4.0/7.0


by
* (mm)
 10/10
 5.9/5.9 
 3/6
 0.27/0.42


ex (nm)
 18/18
 18/24
 24/18
 3.2/1.7


sy(mm)
 1.9
 0.94 
 0.85/0.73
 0.059


xy
 0.052
 0.129/0.090   0.3/0.51
 0.09/0.09


sz (mm)
 4
 ~ 6
 5/3
 6/5


Ibeam (A)
 2.6/1.1
 1.64/1.19
 9.4/4.1
 3.6/2.6


Nbunches
 5000
 1584
 5000
 2500 

Luminosity 
   (1034 cm‐2 s‐1)


1
 2.11 
 53
 80


x40 
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Design concepts!

Low emittance (“nano-beam”) scheme 
!  first proposed by P. Raimondi for SuperB. 

Collision with very small spot-size beam. 

Our initial approaches : 
Extrapolations of  PEP-II & KEKB 

More beam currents  !   larger power consumption 
Crab crossing 
Higher !y   

Somewhat reduced "y
*
 

Shorter bunch length  !  Challenges from HOM heating. """"""
      !  Bunch lengthening due to Coherent 
      ""  Synchrotron Radiation (CSR). 

Next Generation B-factories IPAC10!



d 

High Current Scheme
 Nano-Beam Scheme


Half crossing angle: f


2f


sz
 sx
*


overlap region (≠ bunch length)


Hourglass requirement
Hourglass requirement


overlap region = bunch length


Head-on


~5 mm
 ~200-300 mm




LER:  Lower average energy of SR emitted in high 
dispersion regions (bends). 

The arc cell lattice of the KEKB LER (left) can be modified to the 
low-emittance version, by weakening the magnetic field of the 

dipoles. 

HER: Lower dispersion in bends. (No room to 
lengthen bends.) 

Arc cells shortened and increased in number. 

Basically all bending magnets change. 
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In SuperKEKB, the beam energy is changed 
to decrease the effect of the intra-beam 

scattering in LER, especially to make longer 
Touschek lifetime. 

LER:  3.5 GeV  →  4 GeV 
HER:  8 GeV  →  7 GeV 

In HER, the lower beam energy makes lower 
emittance.




Luminosity upgrade  
projection


Shutdown 
for upgrade
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Milestone of  SuperKEKB


Year


9 month/year 
20 days/month


Commissioning starts  
mid of  2014


We will reach 50 ab-1 

in 2020~2021.


Next Generation B-factories IPAC10


Luminosity Projection




Spokesperson 
Peter Krizan


InsItuIonal Board 
Leo Piilonen


ExecuIve Board 
Hiroaki Aihara


Project Manager 
Masa Yamauchi


Technical Coordinator 
Yutaka Ushiroda


CompuIng Coordinators 
Takanori Hara 
Thomas Kurr


PXD  SVD  CDC 

Detector subgroups


ECL  KLM  TRG/DAQ 

Comp  Structure 

IR 

PID 

OrganizaIon of Belle‐II CollaboraIon


Speakers Commifee 
Yoshi Sakai


Physics Coordinator 
Bostjan Golob
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Australia 13  
•  Univ. of Sydney 4 . 

•  Univ. of Melbourne 9(2) . 
Austria 10  
•  Austrian Academy of Sciences (HEPHY) 10(3) . 

China 17  
•  InsItute of High Energy Physics　9 . 
•  Univ. of Science and Technology of China 8(5) . 
Czech 5  

•  Charles University in Prague 5(1) . 
Germany 35  
•  Karlsruhe InsItute of Technology 15(4) . 
•  Max‐Planck‐InsItut fur Physik ‐ MPI Munich ‐ 18(7) . 

•  Univ. of Giessen 2 . 
India 8  
•  Indian InsItute of Technology GuwahaI 1 . 

•  Indian InsItute of Technology Madras 1 . 
•  InsItute of MathemaIcal Sciences (Chennai) 1 . 
•  Panjab Univ. 3(1) . 
•  Tata Insitute of Fundamental Research 2 . 

Korea 34  
•  Gyeongsang NaIonal Univ. 1 . 
•  Hanyang Univ. 6(4) . 

•  KISTI  5 . 
•  Korea Univ. 4(2) . 
•  Kyungpook NaIonal Univ. 10(3) . 
•  Seoul NaIonal Univ. 6(2) . 

•  Yonsei Univ. 2 . 
. 

Poland 8  
• 　　　The Henryk Niewodniczanski InsItute of Nuclear Physics  8(1) 
Russia 30 
•  Budker InsItute of Nuclear Physics 17(3) . 
•  InsItute for TheoreIcal Experimental Physics 13(1) . 

Slovenia 12  
•  Jozef Stefan InsItute (Ljubljana) 11(2) . 
•  Univ. of Nova Gorica 1 . 
Taiwan 16  

•  Fu Jen Catholic Univ. 1 . 
•  NaIonal Central Univ. 2 . 
•  NaIonal United Univ 2 . 

•  NaIonal Taiwan Univ. 11(2) . 
U.S.A. 22  
•  Univ. of CincinnaI 4 . 
•  Univ. of Hawaii 11(3) . 

•  Virginia Polytechnic InsItute and State Univ. 5(2) . 
•  Wayne State Univ. 2(1) . 
Japan 77  

•  Nagoya Univ. 13(4) . 
•  Nara Women's Univ. 4 . 
•  Niigata Univ. 4(2) . 
•  Osaka City Univ. 2 . 

•  Toho Univ. 2 . 
•  Tohoku Univ. 8(3) . 
•  Tokyo Metroporitan Univ. 4(2) . 

•  Univ. of Tokyo 6(2) . 
•  KEK 34 . 


