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Overview 

• Use a broad set of measurements to observe 
physics beyond the Standard Model and to 
elucidate its nature. 

•  Precision measurements 
▫  new physics enter in loops 
▫  interference ⇒ asymmetries  

• Rare/Forbidden (in SM) decays 
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Overview 

•   e+e- collider with centre-of-mass near ϒ(4S) 
▫   just above threshold for B-meson pair production 

– no fragmentation 
•  Luminosity 100x previous generation e+e- 

collider  L=1034  ->  1036 cm-2 s-1 

▫   5-10 x 1010 b, c, τ pairs (50-100 ab-1) 
• Operate with asymmetric beam energies to give 

boost to CM allowing for time dependent CPV 
measurements     
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Overview 
•   Complements LHC program, both of ATLAS, CMS 

as well as LHCb 
•  LHCb is a ‘current generation’ B Factory 
▫  Limited by trigger to ~ 1fb-1 per year 
▫  Submitted expression of interest in April 2008 
for an upgrade giving x10 as follow-up to a 10 fb-1 sample 
▫  LOI in preparation to upgrade after 5 fb-1 

•  Focus  this talk on ‘Next Generation’ e+e-  Super 
Flavour Factories 
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CKM Matrix 

8 

€ 

d' s' b'( ) =

Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

 

 

 
  

 

 

 
  

d
s
b

 

 

 
  

 

 

 
  

In SM weak charged transitions mix 
 quarks of different generations 
Encoded in unitary  
CKM matrix 
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CKM Unitarity Triangle 
Physics beyond the SM signaled by 

breakdown of unitarity of CKM matrix  
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CKM Matrix 

10 

ρ = 0.163 ± 0.028 
η  = 0.344± 0.016 

ρ =   ± 0.0028 
η  =  ± 0.0024 



CKM Matrix 
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ρ = 0.163 ± 0.028 
η  = 0.344± 0.016 

More interesting when 
SM fails – putting in  

ρ & η central values c 2008  



Physics at Super Flavour Factories 
•  Test CKM at 1% level 
▫  CPV in B decays from new physics (non-CKM) 

• B-recoil technique for B->K(*)ll, B->τν, B->D*τν 
•  τ physics: lepton flavour violations, g-2, EDM, CPV 
• With polarised beam: Precision EW physics  
• Many other topics:

▫  ϒ(5S) physics, CPV in Charm, ISR radiative return, 

spectroscopy… 
•  Physics motivation is independent of LHC 
▫  If LHC finds NP, precision flavour input essential 
▫  If LHC finds no NP, high statistics B and τ decays are 

unique way of probing >TeV scale physics 
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Super Flavour 
Factory Physics 
Program Summary 

13 



Super Flavour 
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Super Flavour 
Factory Physics 
Program Summary 
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Complementary with LHCb 
Belle or 
BaBar 

SuperB or 
Belle II LHCb 

~ 0.5 ab−1 50 ab−1 10 fb−1 

ΔS(φKS)   0.22 0.029 0.14 

ΔS(η’KS)   0.11 0.020 --- 

βs from S(J/ψφ)  --- --- 0.01 

S(K*γ)  0.36 0.03 --- 

S(ργ) 0.68 0.08 --- 

ΔB/B(B → τν) 3.5σ 3% --- 

Bs → µµ ∙ ∙ 5σ @ 6 fb−1 

τ → µγ   [×10−9] <45 <8 --- 

τ → µµµ [×10−9] <209 <1 --- 

α / φ2  11⁰ 1⁰ 4.5⁰ 
γ / φ3 16⁰ 2⁰ 2.4⁰ 

LHCb 
• Modes where the final 

states are charged 
only. 

• Bs 
• Bc, Λb 
• ….. 

B factories 

Advantage: 

• Modes with γ, π0 .  
• Modes with ν . 
• τ decays. 
• KS vertex. 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Fits  -  present situation L. Silvestrini et al. 

Is the fit showing some discrepancy ? 

 tensions for  
some observable 

•  MFV cannot improve  
  agreement on sin2β and Bs 

•  Large tanβ generate effects  
   in wrong direction.. 

And also  

•  B τν and sin2β pulls on  
  |Vub| on opposite direction 



NP probed using many measurements  
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Example 1) sin2β from Gluonic Penguins 
•  SM CP asymmetry is sin2β, but new physics in loop 

with different phase will modify. 
• Need to understand QCD  

effects. 
▫  calculations 
▫  many modes 
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Example 2) Flavour-changing Neutral 
Currents  e.g. B → K(∗)+-

•  Forward/Backward 

asymmetry sensitive to new 
physics. 

• Current measurements do not 
agree well with SM 

20 

q2 GeV2 

Super-B with 50 ab-1  



Example 3) Rare Leptonic Decays 

•                     &                       directly 
sensitive to charged higgs. 

•   important SM parameters Vub and 
fB.  

21 

€ 

B± →τ ±ν

€ 

B± → µ±ν



 B+→τ+ντ  Sensitive to charged Higgs 
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B+→τ+ντ Experimental method 

Two approaches to reconstruct 
the ‘tag’, which are classified as 
hadronic or semileptonic 

1.  select signal candidate and 
check that remaining particles 
consistent with B decay 
(inclusive Btag reco) 

2.  Reconstruct Btag in exclusive 
modes and check if remaining 
particles consistent with Bsignal 

J.M. Roney - non-CP Heavy Flavour 23 

Fully 
reconstruct 
this side: ‘tag’ 

Then look for signal 
this side: ‘signal’ 

ντ 

τ+ 

ντ 

νµ, νe 

e+,µ+ 

X- 

D(*)0 

ϒ(4S) 

B+ B- 

In reality at the  ϒ(4S) the  
B+ and B- decay products all overlap 
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Reconstruct event to select B- 
events from background… 
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....and look for excess of missing 
energy associated with the neutrino 
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B+→τ+ντ Current Results 
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B+→τ+ντ Current Results 
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B+→τ+ντ Current Results 

T. Hurth 
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Limit on Charged Higgs from 
B+→τ+ντ with 50ab-1 at Super Flavour 
Factories 



Example 4) Lepton Flavour Violation 

•  e.g.                       or   
•  Polarization helps suppress 

backgrounds, mainly       
and identify nature of signal if 
observed 

30 

cf 90% cl Limits on B(τ → µγ):   <4.5x10-8 (Belle) 
                                                         <4.4x10-8 (BaBar) 

SuperB, 75 ab-1 
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τ ± → µ±γ   

€ 

τ ± → ±




±

€ 

e+e− → γ ISRτ
+τ−



Lepton Flavour Violation 
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€ 

τ ± → µ±γ

π-tag ρ-tag 

µ-tag 
Signal/Background improvements 
with polarised beam 



Example 5) Polarized Beam provide an 
impressive Precision EW Program at SuperB 

•  Measure the difference between cross sections with 
left-handed beam electrons and right-handed beam 
electrons 

•  same type of measurement as performed by SLD at 
the Z 

J.M. Roney, Victoria 
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ALR =
σ L −σR

σ L +σR

∝ gV
f = T3

f −Qf sin2θW

Driven by γ − Z interference at s =10.58 GeV



e+e-µ+µ-  @ √s=10.58GeV 

Diagrams Cross 
Section     

(nb) 

AFB ALR 
(Pol = 100%) 

|Z+γ|2 1.01 0.0028 -0.00051 

σALR =5x10-6   σ(sin2θeff) =0.00018 

     cf SLC ALR σ(sin2θeff) =0.00026 

 relative stat. error of 1.1% (pol=80%) 
 require <~0.5% systematic error on beam polarisation 

J.M. Roney, Victoria 



•  polarized beam provide measurement of sin2Θw(eff) of using muon 
pairs of comparable precision to that obtained by SLD, except at 
10.58GeV. 

•  Similar measurement can be made with taus and charm 
•  Test neutral current universality at high precision 
•  Because it depends on  gamma-Z interference it is sensitive to Z’ 
•  Measure NC Z-b-bbar vector coupling with higher precision and  

different systematic errors than determined at LEP with AFB
b and at 

high precision 



So what about Z-b-bbar couplings? 
•  hep-ph/9512424 (Bernabeu, Botella,Vives) 
▫  γ-Z interferometry at the Phi factory 
▫  Assuming only resonance production 
▫  Same arguments for φ Υ(4S) 

e
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Qb=-1/3; gA=0.5
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€ 

Pol = 80%;ALR ~ −0.01
1 billion reconstructed Y(4S) decays gives ALR to 0.3% stat. 
Currently value: 

€ 

gV
b = −0.3220 ± 0.0077(2.4%)



J.M. Roney, Victoria 

        comparing 
only ALR and A0,b

fb 

3.2σ 



Z-b-bar 
•  note: if AFB

b is omitted from 
the SM fit MHiggs=76±54

33GeV 
 low mass Higgs is  
strongly preferred 
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SM expectation & LEP 
Measurement of gV

b 

•  SM:  -0.34372 +0.00049-.00028 
• AFB

b: -0.3220±0.0077 

J.M. Roney, Victoria 



SM expectation & LEP 
Measurement of gV

b 

•  SM:  -0.34372 +0.00049-.00028 
• AFB

b: -0.3220±0.0077 

• with 1.0% polarization 
systematic error and 
0.3% statistical error 
gives  SuperB error  
of ±0.0032 

J.M. Roney, Victoria 
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At SuperB no QCD corrections 
•  At LEP QCD corrections were required – 

hadronization effects, hard gluons, etc 
•  We think it was done properly at LEP with 

correctly assessed systematic uncertainties, 
but… 

•  An advantage at SuperB over a high energy 
machine, e.g. Z-factory, is that these 
corrections do not exist: we are coupling to 
pseudoscalars with no hadronization  

J.M. Roney, Victoria 
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Overview 
• Next generation Flavour-physics facility. 

Primarily will operate at the ϒ(4S) (→ΒΒ), but  
with ability to run on ϒ (1, 2, or 3S) and above 
the ϒ(4s) and for SuperB at charm threshold. 

• Asymmetry e+e- collider with luminosity ~100× 
PEP-II/KEKB, 1036cm-2s-1, but with comparable 
beam currents and power.  
▫  somewhat lower asymmetry, βγ = 0.28 vs 0.56 

•  For SuperB e- (low energy) beam will be 
longitudinally polarized ~80%  
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e+e- Colliders… luminosity vs c.m. energy 
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Colliders… luminosity trends 
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SuperB 



How to get to L=1036 cm-2s-1 … 
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€ 

L = N +N− fc
4πσy σz tanθ /2( )2

+σx
2

fc      frequency of bunch - on - bunch collisions
N ±     the number of e± per bunch 
σx      horizontal rms bunch size (in bending plane)
σy      vertical rms bunch size 

σz      rms bunch length (longitudinal)  
θ        crossing angle between beams at IP



reminder of some alternating-gradiant 
synchrotron features: 
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€ 

x(s) = A β(s) cos ψ(s) + δ( )
x                    transverse motion of beam particles 
s                    path length of particles in beam direction 
dψ /ds =1/β  determines phase advance  
A,δ                constants of integration 

€ 

Motion developing with s traces out an ellipse in x,x '≡ dx /ds{ } phase space.
πA = Area of ellipse =  emittance in case of ensemble of particles.
For Gaussian in both x,x '{ },  define emittance in terms of rms spread of beam:  σ x

           εx ≡ π
σ x

2

βx

; similary for vertical direction :  εy ≡ π
σ y

2

βy

This definition of emittance includes 39% of the beam (1- Sigma in 2D) 
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€ 

Higher luminosity would normally require

 head - on collisions :  L = N +N− fc
4 εxβx

*εyβy
*

KEKB designed with ±11mrad crossing angle 
 installed Crab cavities, ran from Feb 2007 

PEP-II designed with head-on collisions:  
required complex IR with magnets inside detector  
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€ 

Recall...
 ...  bunch in one beam acts as nonlinear lens to a particle in other beam.
Changes particle's transverse oscillation tune (no. oscillations in closed orbit).
In ensemble, there is a range of tune shifts,
characterised by beam- beam tune shifts by parameters ξy and ξx .
For beams colliding at a large angle θ in vertical direction 
and ~ head - on in horizontal direction :

 L∝  
Nξy 
βy

 

ξy ∝
N βy

σ x 1+ φ 2
; where φ = σ z

σ x

tan θ
2
 

 
 
 

 
  ≈

σ z

σ x

θ
2

  is the "Piwinski angle"
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€ 

"Hour Glass Effect"
If σ z >>  β*  generally L drops because
β(s) ≈ β* × (s /s@IP −1)2    near IP
resulting in particles with z >> 0  contributing less to L

But higher L needs small β* so Hour Glass Effect drives 
shorter bunch lengths

€ 

RF in the s direction gives longitudinal oscillations
Describe longitudinal motion in terms of z,δp / p{ }
where :
 z  distance the particle leads the "ideal" along design trajectory
δp / p  energy spread
RF frequency determines the bunch length σ z

What about the bunch length? 
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Hour glass effect drives shorter bunches, 
but there are troubles with shorter bunch length 

•   problems of Higher Order Mode heating – serious  
     operational issue 
•   coherent synchrotron radiation of short bunches 
   (additional energy losses & instabilities) 
•   excessive power consumption 



Original Super B Factory designs from 
SLAC and KEK dating to 2001… 
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€ 

Try to get to 1036cm−2s−1 by :
• reducing βy

* -  but limited by hour glass effect 
• use crab cavities
• increase number of particles per bunch N- and N+

  

€ 

 L = N +N− fc
4 εxβx

*εyβy
*

Can reach L ~5-7 x 1035 cm-2s-1 
Requires ~100MW of wall power (cf 22MW PEP-II)   



Original SuperKEKB design… 
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€ 

• shorten bunches from σ z = 6.5mm →  3mm
⇒ allows β* to decrease 
• decrease ε
• increase beam currents  I- × I+ =1.2A×1.6A →  9.4A× 4.1A

High currents ⇒  High wall plug power  ⇒ high operating costs

Still didn't reach L =  1036cm−2s−1

SuperKEKB design changed SuperB nanobeam design  
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J. Seeman, HEPAP, May 2009 

• Crossing angle IR with large Piwinski angle (DAΦNE, KEKB) 

• Very low IR vertical and horizontal beta functions (ILC) 

• Low horizontal and vertical emittances (Light sources) 

• Ampere beam currents (PEP-II, KEKB) 

• Crab waist scheme (Frascati, DAΦNE) 

How to get to L=1036 cm-2s-1 … 



Crab Waist – A New Idea 
invented for SuperB 
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Pantaleo Raimondi,  
        Frascati 



Crab Waist – A New Idea 
invented for SuperB 
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Pantaleo Raimondi,  
        Frascati 

Waist of one beam aligned with path of other beam 

⇒ particles at higher ß do not see full field of other beam 

⇒ no excessive beam-beam parameter due to hourglass effect. 



Crab waist off 
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Crab waist on 
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All particles in both beams collide in the 
 minimum βy region, with a net luminosity gain 



Crab Waist with large Piwinski Angle  
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€ 

Crab waist scheme with large Piwinski angle φ ≈ σ z

σ x

θ
2

>> 1

⇒ decrease horizontal rms σ x and increase crossing angle θ

⇒ Overlap area of colliding beams decreases ∝σ x

θ
 

If βy
* is comparable to overlap scale 

then βy
* ≈

σ x

θ
<<σ z and we get small βy

* without small σ z!



Crab waist Proven at DAΦNE 
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• DAΦNE  e+e- collider at Frascati with Ecm @  Φ (1020 MeV)  
• Upgraded to test crab waist  scheme 
• Crab Waist effectiveness successfully demonstrated  in working collider 
• Gains of ~ factor of 3 in luminosty  
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• DAΦNE  e+e- collider at Frascati with Ecm @  Φ (1020 MeV)  
• Upgraded to test crab waist  scheme 
• Crab Waist effectiveness successfully demonstrated  in working collider 
• Gains of ~ factor of 3 in luminosty  

Crab waist Proven at DAΦNE 

Luminosity vs Year Luminosity vs Current 



Italian SuperB Collider  
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Tor Vergata 

 U. Rome Campus near 
Frascati 

Dafne 

Roman Villa 

SPARX FEL 
1800 m 
circumference 
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other option is Frascati lab site 
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Annecy SuperB Workshop Page 65 

Parameters 

Baseline +  
other 2 options: 
• Lower y-emittance 
• Higher currents  
 (twice bunches) 

Tau/charm 
threshold 
running 
at 1035 

Baseline:  
• Higher  emittance 
 due to IBS 
• Asymmetric beam 
 currents  

RF power includes  
SR and HOM 
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Italian SuperB Collider  
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Spin Rotator location for Beam Polarization 



Estimates of Polarization Systematic 
errors…arXiv:1009.6178 
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SuperB Luminosity Projections 
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John Seeman 
2016 start 

20
21
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P. Krizan, CKM 2010 



SuperKEKB – upgrade from KEKB 
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M. Iwasaki, ICHEP 2010 



SuperKEKB Luminosity Projections 
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BASELINE (above line) 

OPTIONS (below line) 

SuperB Detector 



SuperB Detector 

• Reuse BaBar components: magnet, DIRC bars, 
barrel CsI calorimeter. 

•  Some issues: 
▫  New silicon; add Layer 0 with smaller beam pipe 
▫  Need new way to read out DIRC 
▫  Need new technology for forward calorimeter 
▫  Possible forward PID 
▫  Likely backward EMC  
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16:30 Drift Chamber Design Optimization Studies for 
SuperB, Darren SWERSKY 
   
16:45 LYSO Forward Calorimeter,  Alessandro ROSSI  

17:15 Impact on the SuperB physics reach of the Vertex 
Detector configuration, Giulia CASAROSA      

         

More details on SuperB Detector on 
Thursday  
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  Deal with higher background  
  (10-20×), radiation damage,  
  higher occupancy, higher event  
  rates (L1 trigg. 0.5→20 kHz) 
  Improved performance  
  and hermeticity 

Belle II detector  

Vertexing: 
2 DEPFET  
pixel layres  
4 double-sided  
strip layers 

Hadron identification:  
Time-of-Propagation detector (barrel) 
Aerogel RICH (forward) 

µ, KL: Resistive Plate  
Chambers (barrel),  
scintillators (endcaps) 

II 
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  Time-Of-Propagation counter   
   Proximity focusing  RICH  

  TOP: reconstructs Cherenkov rings from 3D information from PMTs:  
      x,y coordinates and time of photons propagation   
  Proximity focusing RICH: measures Cherenkov angle.  
      Inhomogeneous aerogel radiator to improve photon resolution 
  Improved K/π separation in wide momentum range 

p=3GeV/c2 

Focusing RICH 
      quartz bar 
       (2 cm thick) 

TOP  

Particle identification 



More details on Belle-II and SuperKEKB 
on Thursday 

16:00 Status and Plans for SuperKEKB and Belle II 
experiment, Hiroyuki NAKAYAMA 

16:15 Physics prospects of SuperKEKB/Belle II 
experiment,  Kurtis NISHIMURA 
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SuperB  flagship project 
in the Italian 
 National Research Plan 
for 2010-2012 of the  
Italian Ministry of  
Education and Science 



SuperB Status (Ministerial approved 
            press release, p1) 
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SuperB Status (Ministerial approved 
            press release, p2) 



SuperB Approval 
•  Italian parliament approved 19MEuro for the 2010 first 

year of the project – in line with the proposed funding 
profile as proposed in INFN submission. 

•  Next 50MEuro to come in spring 2011 
•  Approved funding for construction in 5 years as 

presented and approved in the official INFN annually 
updated planning document 
▫  Aggressive plan with the funding for construction in five 

years; planning first collisions for physics in 2016 

•  Site selection decision by INFN to be made this winter – 
Tor Vergata and Laboratori Nazionali di Frascati (LNF) 
favoured sites 

•  U.S. DOE contributing much of PEP-II and BaBar: 
negotiating details value at a couple of hundred million 
Euros 
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SuperB funding profile: INFN Piano Triennale 2010-12 
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SuperKEKB Milestones this year 
•  22 Jun. 2010: A budget of 10 Billion Yen 

announced 
▫  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. (“KEKB 
upgrade plan has been approved”, Press Release 23 Jun 2010; KEK web site) 

•  30 Jun. 2010: KEKB operation was shut down, 
and KEKB upgrade started 

•  24 Dec. 2010: SuperKEKB approved in FY2011 
budget  
▫  The Cabinet of Japan announced the national budget plan of JFY2011 

Feb 2011, where SuperKEKB upgrade was approved as requested by 
MEXT. This will be final decision of SuperKEKB after approval by the 
Japanese Diet. (“Green light from the Cabinet”, M. Yamauchi to Belle II 
members) 
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SuperKEKB Construction Plan Feb 2011 (K. AKAI) 



SuperKEKB Budget 
•  "Very Advanced Research Support Program” 
▫  MEXT has announced that it will appropriate 10 Billion Yen for three 

years (FY2010–12). 
▫  Among this, 7.5 Billion Yen was already appropriated in FY2010. 
▫  This budget is for upgrading LER vacuum system and LER magnet 

system. 
•  Other budgets 
▫  21.4 Billion Yen for SuperKEKB construction is expected for FY2011-14.  
▫  Among this, approval of 4.06 Billion Yen for FY2011 was announced by 

the Cabinet. 
▫  They are for various accelerator components and facilities, including DR 

tunnel, buildings for DR and MR and cooling system. 
•  Total budget 
▫  Total construction budget is 31.4 Billion Yen (~ 270 MEuros) 
▫  The operation budget is expected in FY2014 and later.  

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 
Very Advanced Research SP (10  Billion Yen)  

Other budgets for construction (21.4 Billion Yen)  

Operation budget (continues - 
- - )  

MR and DR commissioning 

We are here 
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SuperKEKB Construction Plan Feb 2011 (K. AKAI) 



Summary 
• Extremely broad and exciting physics program 

with sensitivity to new physics that is 
complementary to the LHC. 

•  Flexibility in ways that machines can  achieve 
100× luminosity with beam currents and power 
comparable to current facilities 

•  SuperB and SuperKEKB both approved 
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Three theory lectures at LLWI-2011 on Flavour: 

Monday 21 Feb  08:30     Physics at Future B factories, Martin  BENEKE 
Thursday 24 Feb  08:30   Flavour Physics,  Yosef NIR 
Thursday 24 Feb 09:30    Quark Masses,  Johann KüHN 

Five contributed talks on Next Generation B-Factories (aka Heavy Flavour Factories) 
in Thursday 24 Feb afternoon session: 

SuperKEKB/Belle II 
16:00  Status and Plans for SuperKEKB and Belle II experiment, Hiroyuki NAKAYAMA 
16:15  Physics prospects of SuperKEKB/Belle II experiment, Kurtis NISHIMURA 

SuperB  
16:30 Drift Chamber Design Optimization Studies for SuperB, Darren SWERSKY   
16:45 LYSO Forward Calorimeter,  Alessandro ROSSI  
17:15 Impact on the SuperB physics reach of the Vertex Detector configuration, Giulia CASAROSA 

In addition: 18 talks on heavy flavour from existing data –  
 e+e-  colliders: BaBar, Belle, CLEO-c 
 Hadron colliders: D0, CDF, LHCb, ATLAS, CMS 

~1/3 of LLWI presentations are on heavy flavour topics 
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Recent publications from proponents 
of e+e- Super Flavour Factories 
•  SuperB 2010 Progress Reports: 
▫  Physics        arXiv:1008.1541 
▫  Detector      arXiv:1007.4241 
▫  Accelerator arXiv:1009.6178 

•  Physics at Super B Factory (Belle-II + theorists) 
▫  arXiv:1002.5012 
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PDG 2010: 
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PDG 2010: 
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PDG 2010: 



Italian SuperB Collider  
97 

Spin Rotator location for Beam Polarization 


