
Achille Stocchi
Alessandro Variola

Grenoble 8 Janvier 2009



Is a Super Flavor Factory (SFF) a discovery machine in LHC era ?

Why >1036 luminosity needed ?

Is SFF complementary to LHC ?

Would not be LHCb enough to perform flavour studies ?

How to built such a Flavour Factory ?

..

Why the choice of a Super Flavour Factory, asymmetric ?





B factories have shown that a variety of 
measurements can be performed in the clean 

environment.

The systematic errors are very rarely irreducible 
and  can  almost on all cases be controlled with 
control  samples.       (up to..50-100ab-1)

Asymmetric 
B factory

High luminosity

Many measurements can be done at different 
energies ( charm/ threshold, U(5S) )

Flavour factories



3 Chapters : Physics Case
Detector
Machine

444 pages 320  signers
~80  institutions

Super Flavour Factory

> 1036cm-2 sec-1    >15ab-1 per year 
(today ~1034cm-2 sec-1 Babar~400fb-1 Belle~700fb-1 )

Background machine ~ to the present one

Possibility of running at lower ( -charm) 
and higher energy (Bs) 

Special specific meeting
to answer the IRC questions on physics

and sharpen the physics case

49  signers
~24  institutions



B physics @ U(4S)

Possible also at LHCb

Similar precision at LHCb



physics

Bs at U(5S)

Charm at U(4S) and threshold

To be evaluated
at LHCb



Exploration of two frontiers

Relativistic path Quantum path

Crucial : Center-of-mass energy Crucial : Luminosity

SuperB



The problem of particle physics today is : 
where is the NP scale  ~ 0.5, 1 1016 TeV

The quantum stabilization of the Electroweak Scale
suggest that                   ~ 1 TeV

LHC will search on this range

What happens if the NP scale is at 2-3..10 TeV
naturalness is not at loss yet

Flavour Physics explore also this range

We want to perform flavour measurements such that :
- if NP particles are discovered at LHC we able

study the flavour structure of the NPflavour structure of the NP
- we can explore NP scaleNP scale beyond the LHC reach
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1034 luminosity to have measurable effects (anyhow) if NP particle with masses at the EW scale

1036 luminosity to have measurable effects (anyhow) if NP particle with masses at the TeV scale



SuperB+Lattice improvements

In SM
Today

=   ± 0.0028
=  ± 0.0024

= 0.163 ± 0.028
= 0.344± 0.016

Improving CKM is
crucial to look for NP



Exp. likelihood BABAR+BELLE
BR(B ) = (1.31 ± 0.48)10-4

leptonic decay B l

Br(B up to 3-4% (below limited by systematics)
..probably not with improved detector.

Br(B can be measured with the same precision
not limited by syst.

Milestone :
First leptonic decay seen on B meson

SuperB

(+) systematically limited (to be studied with the improved detector)

BR(B ) = (0.85 ± 0.13)10-4

SM expectation

First test can be
done, not yet precise



Higgs-mediated NP in MFV at large tan

SuperB -75ab-1

MH~1.2-2.5 TeV
for tan ~30-60

tan tan 

tan tan 

2ab-1

MH~0.4-0.8 TeV
for tan ~30-60

Importance of having very large sample >75ab-1

2ab-1 10ab-1

75ab-1
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New Physics contribution
(2-3 families)

LR
d

23

MSSM+generic soft SUSY breaking terms

Flavour-changing NP effects in the squark propagator
NP scale SUSY mass 

flavour-violating coupling

23| |LR

Arg( 23)LR=(44.5± 2.6)o

= (0.026 ± 0.005)

23| |LR

1               10    

1

10-1

10-2

(TeV)gluinom

In the red regions the 
are measured with a 

significance >3 away 
from zero

1 TeV



Determination of Susy mass insertion parameter ( 13)LL

with   10 ab-1 and 75  ab-1

Importance of having very large sample >75ab-1

75ab-110ab-1



X

XX- CKM

X

X

X

X The GOLDEN channel for the given scenario

Not the GOLDEN channel for the given scenario          

but can show experimentally measurable deviations  

from SM.

X- CKM

GOLDEN MODES

X



Branching fraction Br(B K )

KB

)(,*

S
KKKB

Today

The best UL < 14 10-6

SM  BF= 4 10-6

~10ab-1 are needed for observation
>50ab-1 for precise measurement 



Lepton Flavour Violation  .  We can gain a 
very important order of magnitude 10-8 10-9

Complementarity with e
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SuperB

SO(10) MSSM

MEG sensitivity  e ~10-13

LFV from PMNS

LFV from CKM



Charm physics at threshold

D decay form factor and decay constant    @ 1% 
Dalitz structure useful for measurement

0.3 ab-1

Rare decays    FCNC down to 10-8

Consider that running 2 month at threshold 
we will collect 500 times the stat. of CLEO-C

~1%, 
exclusive Vub ~ few %  
syst. error on from Dalitz Model <1o

D mixing 

CP Violation in mixing could now addressed

Strong dynamics and CKM measurements

Charm physics using the charm produced at (4S)

Charm Physics

Better studied using
the high statistics 
collected at (4S)

@threshold(4GeV)
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CP Violation in charm NOW

SuperB



SFF can perform many measurements at <1% level of precision

Precision on CKM parameters will be improved by more than a factor 10

NP will be studied (measuring the couplings) if discovered at LHC 

Summary

and do not forget SFF is also a Super-Super -charm factory

if NP is not (or partially ) seen at the TeV, SFF is the way of exploring 
NP scales of the several TeV (in some scenario several (>10 )TeV..)

..and also spectroscopy, variables sensitive to polarization, CP violation 
in and D



Slides prepared with
the help of

Alessandro Variola



The Crab waist scheme
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1) Single passage  :   D (disruption) high [profit of beam-beam effects (pinch)]     small x, y

2) The beam has to be re-utilized in an accumulation ring to maxime fr D small

Crossing angle interaction

Swap the x with z requirements with a crossing angle

In this scheme we obtain the possibility to work with very small beta

But : 
Introduces B(x)-B(y) and S(z)-B(x,y) resonances (strong coordinates coupling).

Crab Waist pensaci tu
( Fait quelque chose  pour moi )

To have large luminosity

zfrom y effect Hourglass 

3)To keep D small and small x, y we also need small z



2Sz

2Sx

z

x

2Sx/

2Sz*

e-e+
Y

and (finally) to crab the waist:
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Why? Crabbed waist removes betatron coupling resonances
introduced by the crossing angle (betatron phase and amplitude
modulation)

Conceptually simple : restore the B-B effects to those we have
quadrupoles focalising in 2D (compensate the effects of the crossing
angle

Vertical waist has to be a function of x: Crabbed waist realized with 

a sextupole in phase with  the IP in X and at /2 in Y  slight luminosity 

increase. Qy

Qy
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Typical case (KEKB, DA NE):

1. low Piwinski angle < 1

2. y comparable with z

Crab Waist On: 

1. large Piwinski angle >> 1 

2. y comparable with x/

Much higher luminosity!D.Shatilov s (BINP), ICFA08 Workshop



Possibility of energy scaling to work at the /charm center 
of mass with an estimated luminosity loss of an order of magnitude.

1036cm-2 sec-1    15ab-1 per year 3,4×1036cm-2 sec-1    ~50ab-1 per year 

- Other possibilities to further improve the luminosity not discussed here..
- Possibility of having two Interaction Regions (even better for the machine stability)



1 10361.7 10341.2 1034L

0.170.10.07y

16/32 msec16/32 msec16/32 msec

6 mm6 mm10 mmBunch length 

0,25 %0.25 %0,5-1 y/x coupling

1,6 nm ~ 20 nm23 nmEmitx (sigmax)

20 mm300 mm400 mmbetax

0.3 mm6 mm10 mmbetay

2.3 A1.7 A2.5 Acurrent

SuperBKEKBPEPII

In a condense table 



From design .
Test of these new colliding schemes in Frascati

Bhabha 
Calorimet

ers

Quadrupoles

Y-tubeQD0 
Quadrupo

le

gamma 
monitor

Sputnik

Soyuz

Siddharta Detector and MIR 
shields

Calorimeters 
Shields

QD0

MIR

Sputnik

M
IRM

IR

Soyuz

to simulation
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To Reality
Positron / Electron Calorimeters

GEM

Photon Calorimeter

e-

e+



Crab sextupoles
OFF

Crab sextupoles
ON

waist line is orthogonal 
to the axis of one bunch

waist moves to the 
axis of other beam

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

E. Paoloni

With 
Crab-sextupoles

Without
Crab-sextupoles



Effect of crab sextupoles on luminosity

Transverse beam dimensions 
at the Synchrotron Light 
Monitor

LUMINOMETERS

A huge work on machine optimization has been 
done and is still in progress in term of feedbacks 
systems tuning, background minimization and 
tuning of the machine luminosity

Blow-up in beam sizes and decrease 
in Bhabha rates observed when crab 
sextupols for one ring OFF (other ring ON)

Crab ON

Crab OFF

e-

e+

x y
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Comparison of KLOE runs and first Siddharta results

We are still running KLOE run Upgrade

y* (cm) 1.7 0.65

x* (cm) 170 20

y* ( m) 7 2.6

x* ( m) 700 200

Amp2 / Nbunch



A day at ~ 2.1 1032

Colliding at best  
I+I- ~ 0.9× 0.9

15 November 2008.  A date to remember !



And after this we are passing from record to record

Few hours >3 1032



The experiment is still on going



ILC synergy ..
How to extrapolate the Dafne results to SuperB



0.27/0.30.0004/0.2(x/y)Tune shifts

80 to 9020 to 25MWRF power 
(AC line)

30. to 0.48.mradCrossing 
angle (full)

20.3.5x2.0cmx*

3.0.22mmy*

9.4x4.11.9x1.9A
Beam 
currents

0.5 to 0.81.0 to 2.01036/ 
cm2/s

Luminosity

3.5x84x7GeVEnergy

Super-KEKBSuperBUnitsParameter

IP beam distributions for KEKB

IP beam distributions for SuperB



SuperB machine based on:

1) Crab Waist principle

2) PEP hardware

3) Existing ILC R&D (synergies)

The Dafne test results are exciting!!!!

TDR phase starting and French labs are 
welcome





BASELINE

OPTION



Baseline interaction region defined
300 mrad line separating 
detector from accelerator, 
backward and forward

No support tube 
although magnet support still needs to be fleshed out

1 cm inner radius of the beam pipe

Energy asymmetry
4x7 ok if we can use a 1cm 
beam pipe and get enough 
vertex resolution. 

Forw (mrad) Back (mrad) Coverage

350 500 91.2%

350 350 93.1%

300 300 94.9%
200 200 97.7%

100 100 99.4%

Babar today

4+7 boost



Try to reuse parts of Babar as 
much as possible

Quartz bars of the DIRC

Barrel EMC CsI(Tl) crystal and 
mechanical structure

Superconducting coil and flux 
return yoke.

R&D and engineering required

Small beam pipe technology

Thin silicon pixel detector for first 
layer

Drift chamber CF mechanical 
structure, gas and cell size

Photon detection for DIRC quartz 
bars 

Forward PID system (TOF or 
focusing RICH)

Forward calorimeter crystals 
(LSO)

Minos-style scintillator for 
Instrumented flux return

Electronics and trigger 

Computing large data amount



I discuss few examples



Be Beam pipe

Layer-0 silicon detector

MAPS technology might need more time to become 
mature for application in SuperB.  For the TDR 

Layer0 design based on Hybrid Pixels:

15 cm

Layer Radius
0         1.2-1.5 cm 
1 3.3 cm
2 4.0 cm
3 5.9 cm
4 9.1 to 12.7 cm
5 11.4 to 14.6 cm

Layer Radius
0         1.2-1.5 cm 
1 3.3 cm
2 4.0 cm
3 5.9 cm
4 9.1 to 12.7 cm
5 11.4 to 14.6 cm

ADDED

B
aB

a r
S
V
T



Barrel DIRC baseline
Quartz bars are OK and can be 
reused

Almost irreplaceable
PMTs are aging and need to be 
replaced
Keep mechanical support

Barrel changes from Babar
Small SOB choice
Optical coupling of bars to 
photo-detector
Wedge or no wedge ?
Choice of photodetector
Prototyping and beam tests
Engineering



Same with sigma 30 ps

Same with sigma 40 ps

Do we need a forward PID ?

Time of flight
+  Need about 10ps resolution to be      

competitive with focusing RICH
+  20-30ps OK. 

10 ps needs R&D.



A scintillating tile design provides adequate 
flexibility ~10K SiPM channels

Do we need a backward calorimeter ?

Because of material in front will have degraded performance

Physics impact needs to be quantitatively further assessed

BKGD/Signal
with smearing

Backward polar angle coverage (radians)

Hadronic recoil in B

Maybe just a VETO device 
for rare channels such as B .

Solution ?
BaBarSuperB



Conclusions

SuperB (L>1036 ) is a discovery machine at the TeV scale

Give also the opportunity of exploring NP scales of the several TeV

Measurable effects (anyhow) if NP particles with masses at the TeV scale

Machine is challenging and based on new accelerating
schemes : crab waist . 

Success of Frascati tests has proven that they work !

Detector will be largely inspired from Babar one and
will be largely improved 
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The Italian process

The European process

The US process

Interferences with KEK roadmap?



The project positively received by the IRC 

unique sensitivity to flavour in new physics

- indirect energy reach < ~ 10 TeV ?

new flavour physics beyond few TeV

- SuperB = (indirect) energy frontier
discovery machine

continue evaluation to establish physics

specification



It is a great pleasure to annonce you that INFN Board of Directors has endorsed 
the SuperB as a special project. The consensus was unanimously expressed after a 
long and exhausting discussion. The implications are that thereb is no obstacle to 
proceed with the TDR and to move to the construction of the strong organization that 
we need. 
The project will receive the financial support ain a very generous way by the Lazio 
Regional governement. Roberto Petronzio after the vote of the Board was authorized 
by the Lazio government to officially announce this contribution that could fully 
cover the cost of the project preparation,
In addition INFN will give extra money through the Gruppo I. Nando Ferroni, chair 
of Gruppo I, confirmed in front of the Board. INFN will ask us periodical reports to 
the Board of Directors, to monitor the process.
Roberto Petronzio has also communicated that the funding process for construction
with the National Italian Governement has started and in good shape

from Marcello Giorgi

Latest News 19th Dec 2008,



European strategy recognition process
SuperB project presented to he CERN Council in 
September 2008. recognition possible in March 2009

ECFA subgroup report in Nov 2008





ILC synergy



Conclusions



Initial Presentation to Council( Done in Sept 
2008): Council takes note

SPC advises council : Council takes note and
comments: March 2009

Formal recognition once the project is approved

Eureopean steps in three steps :



One offshore Super B factory project official part of the US P5 report in « scenario B »



KEKB upgrade part of KEK roadmap

Nobel prize effect?

Interference with SuperB project negative
or positive?

The « one joint program , two phases »
model ?





TDR scope definition
By contents, eg « ready to build » documents

By schedule, eg « needed in Nov 2010 » for 
project approval

5 different documents
Physics, Machine, Site, Detector, Computing

Not necessarily issued at the same time

« Distance to build » not necessarily the
same

Official TDR launch in Februray 2009 in Orsay



Orsay collaboration meeting Feb 15-18
Official launch of the TDR phase
Open session on Feb 17
Parallel sessions: focus on joint sessions

Computing and site
Computing and detector
Computing and machine?

Physics workshop in Warwick, April 15-18
MiniMAC in April as well



LAL group already participated in the last two years to 
- the CDR
- Frascati tests (still on going)

(under LAL Scientific Council approuval)

Present LAL group for the TDR

Nicolas
Christophe Beigbeder
Dominique Breton
Leonid Burmistrov
Jihane Maalmi
Alejandro Perez
Achille Stocchi
Vanessa Tocut
Alessandro Variola
Guy Womser

Not yet counting people which
will be involved on the polarization
studies and machine simulation 
Studies and on vacuum..

..and in France





Many channels can be measured with S~(0.01-0.04)

Another example of sensitivity to NP : sin2 from s Penguins

SuperB

(*) theoretical limited
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more..

and  combination

exclusion plots in [ M(H+), tan 

tan tan 

tan tan 



MFV :  Snowmass points on 

SuperB with 75 ab-1, 
evaluation assuming the 
most conservative 
scenario about syst. 
errors

LFV

1÷2

5 disc

LFV from PMNS

LFV from CKM
Letpon MFV
GUT models



Tau g-2

Start with the expt. with 

<1

Make use of all the informations (total x-section,angular distribution, f-b asymmetry.  
Measure Re and Im parts







SPS4 ruled out by present 
values of s . 

SPS1a is the least favorable for 

flavour, but SuperB and only SuperB

can observe 2 deviations in several 

observables

MFV : SNOWMASS points



Physics Case
..en pillule

SuperB+Lattice improvements

tan 

tan 

SuperB

MH~1.2-2.5 TeV
for tan ~30-60

23| |LR
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(TeV)gluinom

In the red regions the 
are measured with a 

significance >3 away 
from zero

23| |LR

Arg( 23)LR=(44.5± 2.6)o

= (0.026 ± 0.005)

1 TeV
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Crab sextupoles
OFF

Crab sextupoles
ON

waist line is orthogonal 
to the axis of one bunch

waist moves to the 
axis of other beam

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

E. Paoloni

With 
Crab-sextupoles

Without
Crab-sextupoles
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my 4

SIDDHARTA

90 bunches, y*= 0.9 cm, x* = 0.26 m



Effect of crab sextupoles on luminosity

Transverse beam dimensions 
at the Synchrotron Light 
Monitor

LUMINOMETERS

A huge work on machine optimization has been 
done and is still in progress in term of feedbacks 
systems tuning, background minimization and 
tuning of the machine luminosity

Blow-up in beam sizes and decrease 
in Bhabha rates observed when crab 
sextupols for one ring OFF (other ring ON)

Crab ON

Crab OFF

e-

e+

x y



Schedule
Overall schedule 
dominated by:

Site construction
PEP-II/BaBar 
disassembly, 
transport, and 
reassembly

The goal is to 
reach the 
commissioning 
phase after about 5 
years from the start 
of the project.

From J. Seemans



Basic technology adequate.

Cannot reuse BaBar DCH because of aging

Baseline: 
Same He-C4H10, same cell shape

Carbon fiber endplates instead of Al to reduce thickness

Need to do complete background estimate

Possible Options/Issues
Miniaturization and relocation of readout electronics

Critical for backward calorimetric coverage

Conical endplate

Further optimization of cell size/gas



Barrel CsI(Tl) crystals
Still OK and can be reused (the most expensive detector in BaBar)
Baseline is to transport barrel as one device

Forward Endcap EMC
BaBar crystal are damaged by radiation and need to be replaced
Occupancy at low angle makes CsI(Tl) too slow
Use LSO as baseline

+ gives better performance 
+ leaves PID option open

Backward EMC option
Because of material in front will have a degraded performance

Maybe just a VETO device for rare channels such as B .
Physics impact needs to be quantitatively further assessed
DIRC bars are necessarily in the middle
DCH electronics relocation is critical for the perfomance
A scintillating tile design provides adequate flexibility ~10K SiPM channels 



BaBar configuration has too little iron for ID
> 6.5 I required; 4-5 available in barrel

Fine segmentation overdid KL efficiency optimization
Focus on m ID : fewer layers and more iron

Is it possible to use the IFR in KL veto mode ?

Baseline:
Fill gaps in Babar IFR 
with more iron
Leave 7-8 detection
layers
Need to verify structural 
issues
Extruded scintillators
are a safe option
Avalanche RPC if 
evidence of lower rate

Present configuration



Detailed evaluation in progress
Should prepare for a trigger rate of 50-100KHz

Unless a hardware L1 Bhabha rejector is developed
Some electronics could be reusable

Some front-end cards, power supplies
The bulk of the electronics is obsolete and 
unmaintainable

Should be remade with state-of-the-art technology
Clearly a major cost driver

Costing using recent experiments experience (LHC)



Silicon Vertex Tracker
MAPS pixel devices: resolution, efficiency, 
readout speed
Advanced trigger systems (Associative 
Memories)

Drift Chamber
Cell size, shape, and gas mixture

Particle ID system (forward system)
Radiators (Aerogel, NaF) 
Photon detector (MCP, MAPMTs, SiPM)
Timing for TOF system

Electromagnetic Calorimeter
Forw: LYSO Crystals leakage, resolution, 
mechanical structure
Back: Lead-scintillator calorimeter 
resolution

Instrumented Flux Return
Scintillator, fibers, photon detector, readout 
electronics
Detection efficiency, time/space resolution

Integrated slice
Track trigger, material in front of EMC, 
timing for TOF, forward PID options

Test beam goals for 2008-2010



The br eak-t hr ough in t he machine design is
making our lif e a bit easier .
St ill impor t ant sour ces of backgr ound:

Linear wit h cur r ent s
- lost par t icles and s.r .  

Luminosit y sour ces 
- beam-beam 
- r adiat ive Bhabha

Ot her sour ces of backgr ound
Touschek backgr ound

Ther mal out gassing due t o HOM losses; 
Not an issue with these currents

I nj ect ion backgr ound



This document was created with Win2PDF available at http://www.win2pdf.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.
This page will not be added after purchasing Win2PDF.

http://www.win2pdf.com

