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Real Kick-Off
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Goals



SuperB is a Super Flavor Factory 

High statistics  production of

,       ,        pairs.

Follow the high intensity route

to New Physics , look at signals 

through  high precision 

measurements in  Flavor/
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Toward  New Physics
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1.Explore the origin of CP violation

– Key element for understanding the matter content of our present universe 

– Established in the B meson in 2001

– Direct CPV established in B mesons in 2004

2.Precisely measure parameters of the standard model

– For example the elements of the CKM quark mixing matrix

– Disentangle the complicated interplay between weak processes and 
strong interaction effects

3.Search for the effects of physics beyond the standard model in 
loop diagrams

– Potentially large effects on rates of rare decays, time dependent 
asymmetries, lepton flavour violation, …

– Sensitive even to large New Physics scale, as well as to phases and size of 
NP coupling constants
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Physics programme in a nutshell

6/6/2011

• Versatile flavour physics experiment
– Probe new physics observables in wide range of decays.

• Pattern of deviation from Standard Model can be used to identify 
structure of new physics.

• Clean experimental environment means clean signals in many 
modes.

• Polarized e− beam benefit for τ LFV searches.

– Best capability for precision CKM constraints of any 
existing/proposed experiment.

• Measure angles and sides of the Unitarity triangle

• Measure other CKM matrix elements at threshold and using τ
data.
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Bu,d physics: Rare Processes and 

Precision Measurements 

• Goal: Reveal presence of New Physics (NP) using 
two-pronged attack:
– Search for Rare Processes: NP contributions can be as 

large as Standard Model ones  
• Large sensitivity to NP
• Ability to distinguish among NP models

– Make Precision Measurements of many quantities: 
over constrain the Standard Model predictions

• NP will often lead to discrepancies in global analyses of 
measured processes

• will build on experience of current B-
factories.
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CKM constraints

measures the sides and 
angles of the Unitarity
Triangle (UT)

• Many measurements 
constrain the sides and 
angles of the UT: the SM 
predicts that all 
measurements “intersect” 
at apex of  the triangle

• When NP is present, the 
measurements do not yield 
a unique apex, but you need 
the high precision of a 
Super Flavour Factory.

SuperB: The "dream" scenario with 75ab-1

Today:
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Bu,d physics: Rare Decays
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• Example:

– Rate modified by presence of H+

SM NP
H

SM

r
B
B

SM particle

NP particle
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Charm@     : goals

‣ Run at ϒ(4S):

✓ Large improvement in D0 mixing and CPV: factor 12 improvement in statistical 

error wrt BaBar (0.5 ab-1);  

✓ time-dependent measurements will benefit also of an improved (2x)  D0 proper-

time resolution.

✓ coherent production with 100x BESIII data and CM boost up to βγ=0.9;

✓ almost zero background environment;

✓ possibility of time-dependent measurements exploiting quantum coherence.

Unique feature of SuperB

=0.238

up to 0.9

__

cc[≈1KHz of        ]
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Sensitivity projections with 75 ab-1 at ϒ(4S)
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Uncertainties shrink:
xD xD/4;   yD yD/10

Precision in xD is limited by Dalitz plot model.
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Charm at DD threshold

• Almost zero background analyses: search for rare/forbidden decays, precise 
measurement of relative   D0-D0 strong phases, search for CPV in wrong sign 
(WS) semileptonic (SL) D0 decay modes. 

• Unique possibilities of time-dependent measurements at DD threshold
currently under study:

– coherent production allows time-dependent measurements also withCP-
tagged events;

– CP, T, CPT conservation tests similar to those in K0-K0 and B0-B0 systems;

– measure of the unitarity triangle in the Charm sector.
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Vub*Vcb

Vus*Vcs

Vud*Vcd

CP-even

CP-odd
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Time dependent measurements at the 

(3770) (same as for  Y(4s))

2. Compute the proper time difference t

(3770)

up to 0.9

D tag
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Experimental considerations of running at 

DD threshold with boost
• Pro:

– Very clean environment, backgroud extremely low; 
– Quantum coherence: mixing and CP, T, CPT analyses;
– Access to D0-D0 relative phases and possibilities of time-

dependent Dalitz plot analyses with a model independent
approach;

– Systematic errors reduction due to background and Dalitz model
uncertainties; 

• Cons:
– Time-dependent measurement require larger CM boost

compared to the B0-B0 case to achieve adequate time resolution;
– reconstruction efficiency decreases with large CM boost. Need

to optimize the boost value.
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• Two improvements in mixing precision come from threshold data:

Dalitz plot model 
uncertainty shrinks

 Information on overall 
strong phase is added

CAVEAT: NO TIME-DEPENDENT STUDIES INCLUDED YET
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Measurements with Polarization



Precision Electroweak
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• sin2θW can be measured with polarised e−

beam

– √s=ϒ(4S) is theoretically clean, c.f. b-
fragmentation at Z pole

Measure LR asymmetry in

at the ϒ(4S) to same precision 
as LEP/SLC at the Z-pole.

Can also perform crosscheck at 
ψ(3770).



6/6/2011 M.A.Giorgi 21

Is this measurement also possible with 
Charm?

1. @ Y(4S) . But hadronization correction. 

2. Operate at a ccbar vector resonance above open charm 

threshold (3770), use the same analysis method as  for 

b. 

Polarization at low energies with high luminosity is needed

That is included in the SuperB design
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g-2 Reach (Valencia Report 2008)

Δaμ is not in good agreement with SM

Measuring differential cross section of tau 
production would lead to measurement of the 
real part of tau form factor.

We began considering 1-3 prong 

whose experimental selection is cleaner 

Need to tag the sample:

Lepton tag: higher purity & higher diluition (at least 3

neutrinos)

Hadronic tag: lower purity & lower diluition (2 neutrinos)

Systematics come mainly from tracking

Should be able to measure the 

real part (0.75-1.7)x10-6
75ab-1
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Polarized beam and tag on leptons and on hadrons
 ( t® p n /t® r n) reduces irreducible background!

75 ab-1

Sensit ivity improves at 

least by a factor 2. 

Equivalent to a factor 4 

increase in luminosity.

17

                       Polarisation is 
-an important issue for LFV 
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters
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B physics @ Y (4S)

Possible also at LHCb

Similar precision at LHCb

Example of « SuperB speci fi cs » 

       inclusive in addit ion t o exclusive analyses

       channels with π0, γ’s, ν, many Ks…

Variety of measurements for any observable

6/6/2011 M.A.Giorgi
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physics (polarized beams)

Bs at Y(5S)

Charm at Y(4S) and threshold

To be evaluated 

at LHCb

Bs : Definitively better at LHCb
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Benefit from polarised e− beam

very precise with improved detector

Statistically limited: Ang. analysis with >75ab-1

Right handed currents

SuperB measures many more modes

systematic error is main challenge

control systematic error with data

SuperB measures e mode well, LHCb does μ

Clean NP search

Theoretically clean
b fragmentation limits interpretation

Many unique quality measurements
Experiment:            No Result           Moderate Precision          Precise            Very Precise

Theory:                  Moderately clean           Clean Need lattice            Clean
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Exotic hadronic spectroscopy

Hints of a new type of particles with 
more than 3 quarks 

c q

c q

B-Factories 
produced a 
lot of results 
but …
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Exotic hadrons @ SuperB

• Much larger statistics 
@Y(4S) needed

• High luminosity energy 
scan needed:

– produce resonances 
directly (E~4-4.5 GeV)

– Exploit recent evidence 
of exotic states produced 
at Y(5S)

Y(5S)Zbp

Expected tetraquarks(4S)

(5S) (6S)
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and Panda :Hadron Spectroscopy

e+e- vs pp

e+e- collisions
direct formation

two-photon production

initial state radiation (ISR)

B meson decay

+ low hadronic background
+ high discovery potential
- direct formation limited to vector states
- limited mass and width resolution for 

non vector states

pp annihiliation

- high hadronic background
+ high discovery potential
+ direct formation for all (non-exotic) states
+ excellent mass and width resolution 

for all states
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Parameter Requirement Comment

Luminosity (top-up mode) 1036 cm-2s-1 @ (4S) Baseline/Flexibility with headroom at  
4. 1036 cm-2s-1 

Integrated luminosity 75 ab-1 Based on a “New Snowmass Year” of 
1.5 x 107 seconds
(PEP-II & KEKB experience-based)

CM energy range threshold to 
(5S)

For Charm special runs (still 
asymmetric……)

Minimum boost ≈0.237
~(4.18x6.7GeV)

1 cm beam pipe radius. First 
measured point at 1.5 cm

e- Polarization

Boost up to 0.9 in runs at 
low energy under evaluation 
for charm physics 

≥80% Enables CP and T violation studies, 
measurement of g-2 and improves
sensitivity to lepton flavor-violating 
decays. Detailed simulation, needed 
to ascertain a more precise 
requirement, are in progress.

REQUIREMENTS FROM PHYSICS
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Future Super B Factories

SuperB Super KEKB

Peak Luminosity >1036 0.8 x 1036

Integrated 
Luminosity

75 ab-1 50 ab-1

Site Green Field KEKB Laboratory

Collisions mid 2016 2015

Polarization 80% electron beam No

Low energy 
running

1035 @ charm threshold No

Approval status Approved Approved
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SuperB Luminosity model
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Site (Tor Vergata)
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Detector Overview
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TDR (early 2012)
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Proto Technical Coordination



SuperB Detector (with options)
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Detector Modeled
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Background Rates as expected from 

preliminary studies
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40 cm30 cm

20 cm

Layer0

Vertex Detector (SVT)
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in BABAR

Bergamo
Bologna
Milano
Pavia
Pisa
Strasbourg
Torino
Trieste
QMUL
(TBC)RAL



SVT

• Sustainable background hit rate (radius) depends on technology: striplets vs pixel area and 
readout chip.

1. Development of pixel chip readout architecture continue: data push and triggered with target 100MHz/cm2 
(safety x5 included)  with timestamp 100 ns. radius ~1.3cm 

2. Evaluate efficiency of FSSR2 readout chip (striplets) vs rate (goal still 100 MHz/cm2): 

– Verilog simulation results not very encouraging!  Significant drop in efficiency ~ 20 MHz/cm2

– Need to interact with Fermilab designers to understand if this is a real issue and in case if modification to digital part is
possible.

3. Started to investigate alternative option for striplets readout chip.

Update on background:
Hit rate vs Layer0 radius from pairs production depends strongly on 

sensor thickness: large cluster width for low momentum tracks 
with large crossing angle

Large difference for thin pixels (50 um) and striplets (200 um). 

Definition of Layer0 configuration & performance for 
the different technologies (striplets-baseline, thin 
pixel - upgrade) 
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• Provides precision momentum 
• Provides particle ID via dE/dx for all low momentum tracks, even 

those that miss the PID system.
• A new DCH (similar to now aged BaBar DCH, which must be 

replaced)
• Similar gas & cell shape (small improvements may be 

possible)
• Carbon Fiber end plates (to reduce material before 

endcaps)
• New electronics with location optimized.

• R&D Issues including:
• Electronics location and/or mass to reduce effect on 

backward EMC,
• Low Mass Endplates
• Can we do better on dE/dx (counting clusters)?
• Conical/stepped endplates or other ways to reduce 

sensitivity close to the beam.
• Background simulation/shielding optimization.

• R&D has been started.
• Need to test all solutions on prototype,

DCH Baseline Design

DCH
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Barrel PID

DPR Design
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SLAC
Padova
Maryland
LAL Orsay
LPHNE



Forward PID  option

Decision about  forward PID has not been taken yet. It is one of the issues in 
the agenda of the  coming General SuperB Collaboration Meeting (Caltech  
December 14-18).

One  benchmark is B→ 

If decision would be YES to Forward PID 

then there are two options: 

TOF

and FARICH.

FARICH has:

•Good K/p separation in 0.6 to 

6.0 GeV

•Improves Momentum 

resolution By > 10%

But about 28% x0 in front of 

calorimeter

Many channel
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Padova
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CALORIMETER

Caltech
Perugia
Roma



CRYSTAL STUDY

St. Gobain: 12 crystals received for the 

Beam Test
•Metrology to check dimension is ongoing (5 

measured within specs +- 100 μm)

•Light Yield measurement is ongoing (first results 

as expected)

•Uniformity testing just started 

SIPAT: new production to be tested (just started) 

schedule is to be ready for October Test Beam 

LY(1.17MeV)=1003 p-e/MeV

LY(1.33MeV)=962 p-e/MeV 

MECHANICS

Prototype structure for BT ready

Development is ongoing for the whole structure
• Production method working

• Precision within tolerances

• Electrical conductivity achieved (common ground) 

What remains: 

• Cost estimate in view of the 180 modules of a full endcap

• schedule for production to be completed in one year

• optical performance (to be studied with single cells)

• structural behavior (module elastic characterization, FEA of the 

support shell….)
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The  SuperB calorimeter will reuse  the Babar barrel of CsI crystals. In the 

forward endcap CsI will be replced with YLSO crystals, while for the 

backward the solution is lead+scintillating fibers 2.8 mm Pb alternated with 

scintillator for different layers there are different 

patterns :

• Right handed logarithmic spiral

• Left-handed logarithmic spiral 

• Radial wedge

The readout fibers are embedded in grooves 

cut in scintillator.

As Photo-Detector a pixel device will be used :

Either MPPC or SiPM.

Forward & Backward Calorimeter
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IFR Advancements): Simulations

Detector Optimization

Added and tested a 9-layers 

configuration

Started with KL study.

Fast Simulation

PID tables for muons and pions, based on optimization results, are 

in preparation and will replace the BaBar tables in the next event 

production

Background studies

Neutron background analysis continues

with the study of possible shielding and 

remediation: added polyethylene shielding, 

investigating the possibility to move the 

SiPM of the inner layers in a outer gap.
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Ferrara
Krakow



Baseline Design from DPR
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Bologna
Napoli
…..
LAL Orsay
SLAC
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Luminosity monitor

Polarimeter

Radiation monitors

Systems with not yet assigned responsibilities

Options by:
Cagliari
Catania
Roma II
Krakow
Ohio
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