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Outline
• The Physics Case.

• The Machine.

• The Detector.

• The SuperB Approval Process.
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The B-Factories: a Story of Success
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• BaBar and Belle together have collected ~1.5 ab-1 of data.

• Huge harvest of physic results.
• Well beyond the original goals.
• The PDG book has gotten significantly thicker.
• Already some limits on New Physics models. 

Unitarity Triangle 
precision measurements

D0 Mixing
Limits on 2HDM/MSSM models



The Quest for New Physics
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LHC

The relativistic path:
Increase the energy and look for direct 
production of new particles.

The quantum path:
Increase the luminosity and look for effects 
of physics beyond the standard model in 
loop diagrams.



High Luminosity Flavor Factory 
Complementary to Energy Frontier

• Precision measurements in the flavor sector are sensitive 
to New Physics (NP)
– Interference effects in known processes
– SM rare or forbidden decays

• NP effects are controlled by
– NP scale:  Λ
– Effective couplings: C

• Different coupling intensity (different interactions)
• Different patterns (e.g. because of symmetries)

• With  5-10x1010 bb, cc, ττ pairs (50-100 ab-1) one can:
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LHC finds NP(Λ)
•Determine detailed structure 
of couplings of NP 

•Look for heavier states
•Study NP flavor structure

LHC does not find NP(Λ)
•Look for indirect NP signals
•Connect them to models
•Exclude regions in parameters 
space

Some phenomena as LFV in τ decays are unambiguous signals of NP
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B Physics @ Υ(4S)

τ Physics Bs Physics @ Υ(5S)

Charm FCNC

Charm mixing and CP
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Physics at a Super B Factory
• Test of CKM Paradigm at 1% level.

– CPV in B decays from the new physics (non CKM).

• The B recoil technique: B -> K(*) ll, B->τν, B->D(*)τν

• τ  physics: lepton flavor violations, g-2, EDM, CPV.

• Many more topics: Υ(5S), CPV in charm, new hadrons, …

• Physics motivation is independent of LHC.
– If LHC finds NP, precision flavor physics is compulsory.
– If LHC finds no NP, high statistics B/τ decays would be a 

unique way to search for the >TeV scale physics (=TeV scale 
in case of MFV).
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Weak Charged Current 
Interactions
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neutrino scattering charm decay

As a first approximation, the weak charged current interaction 
couples fermions of the same generation.  The Standard Model 
explains couplings between quark generations in terms of the 
Cabibbo-Kobayashi-Maskawa (CKM) matrix.
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The CKM Paradigm
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β =  φ1;  α =  φ2; γ =   φ3



Test of CKM Paradigm
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With a Super Flavor Factory @ 75 fb-1Today

ρ = 0.187 ± 0.056 ± 0.005

η = 0.370 ± 0.036 ± 0.005

Generalized UT fits:

CKM at 1% in the

presence of NP!

Today        with a Super Flavor Factory
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Time Dependent Analysis
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Time Dependent Analysis: BaBar vs SuperB

Changes in two main ingredients:

• ∆t resolution: SuperB boost < BaBar boost -> smaller ∆z, worst ∆t.
– To cure this:

• Add SVT layer 0, reducing SVT inner radius from 3.32 cm to 1.60 cm.
• Reduce beam spot size.
• Lower material budget in the beam pipe.

– Preliminary studies: ∆t determined with comparable precision wrt BaBar

• Flavor tagging algorithm:
– BaBar: Neural Network approach to isolate high momentum lepton and K and soft 

π (from D* decay)
• Figure of merit:
• εtag = tagging efficiency, ω=mistag probability

• Resolution on S and C: 

– SuperB: expect to increase Q thanks to larger tracking coverage, improved PID, 
better vertexing
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Status of β Measurements
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• Golden modes: three and penguin diagrams 
have ~ same weak phase -> measure β

• Penguin dominated modes: interference 
between diagrams with different weak  
phases.

• Discrepancies with respect to β from 
golden modes is hint of new physics in loop  
diagram.

sin2β experimental
uncertainty.

Theory error on ∆S 
from penguin mode

QCDF: (Beneke, PLB620 (2005),
143-150, Cheng et al., PRD72 
(2005) 094003 etc.
SCET: (Williamson & Zupan, 
hep-ph/0601214)



β @ SuperB
• Summary of β measurement with current precision and 

integrated luminosity of 75 ab-1.
– Scale statistics error and reducible systematic by luminosity.
– Detector performance improvement not accounted for.
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Recoil Analysis Technique (1)
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Recoil Analysis Technique (2)
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B      K(*) ν ν
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Lepton Flavor Violation in τ Decays (1)
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Lepton Flavor Violation in τ Decays (2)
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Lepton Flavor Violation in τ Decays (3)
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SuperB Sensitivity to τ µ γ, τ e γ
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SuperB Sensitivity to τ      3l
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LFV in τ Decays with Polarization
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τ-> µγ vs τ->πν
cos(helicity)

signal

τ-> µνν
background 



CPV in τ Decays
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Electroweak Measurement with Polarization
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Charm Mixing:
Time-Evolution of D0→Kπ Decays
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RS = CF WS = DCS

DCS and mixing amplitudes
interfere to give a “quadratic” 
WS decay rate (x, y << 1):

K+π -

DCS

D0

D0

δ is the phase difference between DCS and CF decays.



Simplified Fit Strategy & 
Validation
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Rate of WS events clearly increases with time:

Consistent with
prediction from
full likelihood fit

χ2=1.5

Inconsistent
with no-mixing
hypothesis:

χ2=24



Running at Open Charm 
Threshold: 500 fb-1 at Ψ(3770) 

• Decays of Ψ (3770)    D0D0 produce coherent (C=-1) pairs of D0’s. 
Quantum correlations in their subsequent decays allow measurements 
of strong phases.

– Required for improved measurement of CKM angle γ.
– Also required for D0 mixing studies 
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Summary of Physics Goals and special requirements

• Increase by O(10) the precision of BaBar
& Belle.

• Challenge CKM at the level of 1%.
• Improve sensitivity for LFV in τ decays by 

a factor between 10 and 100.
• Explore T‐violation in τ.
• Search for magnetic structure of τ.
• Explore CPV in Charm also with time 

dependent asymmetries.
• Great new Spectroscopy exploration.
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In SuperB option for beam
polarization and possibility 
to run in asymmetric mode 
at charm threshold

This rich menu can be effectively mined with 75 ab- 1 in 5 years 
at Υ(4S) and a few months at Charm threshold with peak 
luminosity of 1 035 cm2 s- 1 .



Machine: 
Parameter Requirements from Physics
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The Super Flavor Factories
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How to get 100 times more luminosity ?
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*
341017.2

y

by EIn
L

β
ξ

×=

ξy Vertical beam-beam       
parameter 

Ib Bunch current (A)
n Number of bunches 
βy

* IP vertical beta (cm)
E Beam energy (GeV)

Present day B-factories

PEP-II KEKB
E(GeV) 9x3.1 8x3.5
Ib 1x1.6 0.75x1
n 1700 1600
I (A)   1.7x2.7             1.2x1.6
βy* (cm)       1.1 0.6 
ξy 0.08 0.11
L (x1034)        1 2

Answer:
Increase Ib

Decrease βy*
Increase ξy
Increase n



A New Idea
• Pantaleo Raimondi came up with a new scheme to attain 

high luminosity in a storage ring:

– Change the collision so that only a small fraction of one bunch 
collides with the other bunch

• Large crossing angle
• Long bunch length

– Due to the large crossing angle the effective bunch length (the 
colliding part) is now very short so we can lower βy* by a factor 
of 50

– The beams must have very low emittance – like present day light 
sources

• The x size at the IP now sets the effective bunch length

– In addition, by crabbing the magnetic waist of the colliding 
beams we greatly reduce the tune plane resonances enabling 
greater tune shifts and better tune plane flexibility

• This increases the luminosity performance by another factor of 2-3
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How the Crabbed Waist Works
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Crab‐sextupoles off:
waist line is orthogonal to the 
axis of the beam

Crab‐sextupoles on:
waist moves parallel to the axis 
of other beam: maximum 
particle density in the overlap 
between bunches

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



SuperB Parameters
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The Nicola Cabibbo Lab (Tor Vergata)
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Detector Layout 
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Detector Evolution, from BaBar to SuperB

• CDR Baseline based on BaBar. It reuses
– Fused Silica bars of the DIRC
– DIRC & DCH Support
– Barrel EMC CsI(Tl) crystals and mechanical structure
– Superconducting coil & flux return (with some redesign)

• Some elements have aged and need replacement. Others require 
moderate improvements to cope with the high luminosity 
environment, the smaller boost (4x7 GeV), and the high DAQ 
rates.
– Small beam pipe technology
– Thin silicon pixel detector for first layer, and a new 5 layer SVT.
– New DCH with CF mechanical structure, modified gas and cell size
– New Photon detection for DIRC fused silica bars 
– Possible Forward PID system (TOF in Baseline option) 
– New Forward calorimeter crystals (LYSO).Backward veto
– Minos-style extruded scintillatorfor instrumented flux return
– Electronics and trigger-x100 real event rate
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Outline of Computing Activities
• Design of the SuperB computing model.

– R&D program that will finish with the completion of the Computing 
TDR (end 2012).

• Development and support of the simulation software tools and of 
the computing production infrastructure needed for carrying 
out the detector design and performance evaluation studies for 
the Detector TDR.
– Bruno: detailed simulation based on the Geant4 toolkit. 

• Used to evaluate machine background rate  and particle fluxes  in different 
sub-detectors.

– FastSim: a faster parametric simulation and reconstruction code 
that can be directly interfaced with the BaBar analysis code.

• Used to estimate the impact of different sub-detector options on a large set 
of physics analysis.

– A suite of production tools capable of fully exploiting the existing 
HEP world wide Grid computing infrastructure. Over 12 billion 
events produced so far.

– A set of collaborative tools to support day by day document and 
code development.



Baseline Computing Model
• Baseline is an extrapolation of BaBar computing 

model to a luminosity 100 times larger.
– Need to evaluate impact of distributed computing 

environment and of multi/many-core architecture.

• “Raw data” from the detector will be permanently 
stored, and reconstructed in a two step process:

– a “prompt calibration” pass on a subset of the events to 
determine calibration constants.

– a full “event reconstruction” pass on all the events that 
uses the constants derived in the previous step. 

• Monte Carlo data will be processed in the same way. 

• Selected subset of Detector and MC data, the 
“skims”, will be made available for different areas of 
physics analysis.

– Very convenient for analysis.
– Increase the storage requirement because the same 

events can be present in more than one skim. 

• Improvements in constants, reconstruction code, or 
simulation may require reprocessing of the data or 
generation of new simulated data.

– Require the capability of reprocessing in a given year all 
the data collected in previous years.

Summary of computing resources needed 
in a typical year of SuperB data taking at 
nominal luminosity.



Development of the Model

• For the Computing TDR:
– Work on R&D projects
– All major design choices should be in place for TDR.

• First two years after the Computing TDR:
– A preliminary version of a fully-functional offline system is built and 

validated via dedicated data challenges. 
– The collaboration can start using it for detector and physics 

simulation studies.

• Remaining time before the start of the data taking:
– Further extensive test and development cycles to bring the system 

to its full scale. 
– Acquisition and deployment of dedicated computing resources.
– Consolidation and validation of the distributed computing 

infrastructure.



Where We Are and Where We Go
• Italian government has approved and funded SuperB so far with 250 

M€.

• INFN is to prepare Mou’s with SLAC for the reuse of components of 
PEPII and Babar. We will know soon the amount of this in kind 
contribution.

• We expect reciprocal contribution from Russia to the Italian 
contribution to IGNITOR for Nuclear Fusion as in the Italian-Russian 
agreement.

• In the next few months a Consortium at national level (CabibboLab) will 
be formed to start the construction phase (IIT will be one partner).

• Move in future (end 2012? ) towards CabibboLab ERIC.

• TDR should be completed for Detector Accelerator Computing.
• On Physics we intend to start soon the activity for the SuperBPhysics

Book, a comprehensive document on Flavor.

F. Bianchi 44



Forming the Collaboration

• A governance committee for the 
detector collaboration is being formed 
with a wide consultation inside the 
SuperB community.

• It has been started in Elba and Mauro 
Morandin is in charge of assembling the 
committee.
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SuperKEKB/Belle II Funding Status
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Summary and Outlook
• A super B-factory with 100 times the luminosity of present day 

B-factories is now feasible.
• SuperB and SuperKEKB designs have converged to the “Italian” 

scheme of low emittance beams with a large crossing angle and 
a longer (more typical) bunch length.
– Both projects have been approved and funded.

• A very high luminosity B-factory is a strong compliment to the 
energy frontier (LHC):
– There are hundreds of new entries in the particle data book from 

the data generated by the B-factories.
– The surprising fact is that the B-factories have NOT found any new 

physics.
– The Standard Model is (amazingly) still intact.

• A super B-factory will push the Standard Model limits into 
regions where SUSY models and Higgs models start making 
predictions.
– The LHC alone may have a hard time digging out all of the new 

physics. 
– A complimentary super B-factory could be a great help in finding 

any new physics.
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