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Take home MessageTake home Message

S B i d b th It li• SuperB is approved by the Italian 
governement!

• 19 M€ received in 2010, 50 M€ will follow in 
20112011

• First large scale project in Europe besides 
CERN i HERA i 1985CERN since HERA in ~1985

• First beams in 2016. 15 ab-1 per yearp y
• SuperB key tool to unravel New Physics in 

complement to the LHCcomplement to the LHC

Guy Wormser La Thuile, March 5, 2011
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Talk outlineTalk outline

• Physics goal of SuperB in a nutshell
• SuperB is approved !!!SuperB is approved !!!
• SuperB Physics reach

Th hi d i• The machine design
• The detector and detector R&D
• Conclusion



Flavour physics in the LHC eraFlavour physics in the  LHC era

• The main objective is to unravel the flavor• The main objective is to unravel the flavor 
structure of the New Physics and the  

h i i it ifi ttmechanisms causing its specific pattern 
• Very good sensitivity to NP thru CP violationVery good sensitivity to NP thru CP violation 

asymmetries and rare decays
D bl tt k th k d l t• Double-prong attack on the quark and lepton 
sectors
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A conversation between Flavour Physics and LHC  
f ti dienergy frontier discovery program

Wh id i f d f N Ph i t th LHC• When evidence is  found for New Physics at the LHC, 
attention will turn to understanding the details

Is it SUSY? What type of symmetry breaking?– Is it SUSY? What type of symmetry breaking?
– Is it extra dimensions? Are they warped?

• SuperB/LHCb will be crucial to an understanding of the• SuperB/LHCb will be crucial to an understanding of the 
flavor sector of any type of new physics
– Is there charged lepton flavor violation?Is there charged lepton flavor violation?
– Are there new CP phases ?
– Is there a charged Higgs ?Is there a charged Higgs ?
– Is there minimal flavor violation in the (s)quark sector?
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Is there a no-loose theorem?Is there a no loose theorem?

• In the assumption of a MFV scenario, 
is the LHC mass range well covered?is the LHC mass range well covered?

• Is the sensitivity in the leptonic sector 
i f l i th LHC ?meaningful in the LHC era?

• The answer is PROBABLY YES if youThe answer is PROBABLY YES if you 
can integrate at least 75 ab-1 with a 
Super B machineSuper B machine

• This requires a luminosity in excess of 
10 36 during 5 years



The approval and funding process (1)The approval and funding process (1)

• In March 2010 the Italian governementIn March 2010,  the Italian governement 
preselected a list of Flagship projects, as part of 
an economy stimulus package SuperB wasan economy stimulus package. SuperB was 
ranked first in this list.

• On December 3 2010 the governemenet decided• On December 3, 2010, the governemenet decided 
to immediately release funds for 6 of these 
projects among which SuperB the largest ofprojects, among which SuperB, the largest of 
them.
Thi t d t b th Ch b f th• This was presented to both Chambers of the 
Italian parliament and were approved on 
December 15 2010 A sum of 19 M€ wasDecember 15, 2010. A sum of 19 M€ was 
allocated for SuperB and transferred to INFN!
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ProgettiProgetti 
Bandiera
(not by 
alphabetical 
order!)

MarchMarch 
2010
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FundedFunded 
Flagship 
ProjectsProjects
December 
20102010
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Extracts from official documents of 
Italian Government and ItalianItalian Government and Italian 

Parliament

Ministerial act sent to parliament on DEC 3 2010Ministerial act sent to parliament on DEC 3 , 2010
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The SuperB paragraphThe SuperB paragraph
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The approval and funding 
process (2)
• The Italian parliament decided that an 

envelop of 8% of the Research budget , ieenvelop of 8% of the Research budget , ie 
150 M€ per year,  will be devoted to the 
multi year funding of these projectsmulti-year funding of these projects

• In parallel, INFN prepared in its ‘Piano 
Triennale’ 2010-2012 a funding profile for 
the SuperB project. This plan has been p p j p
approved by the governement.

• As a result 50 M€ will be allocated to• As a result, 50 M€ will be allocated to 
SuperB in 2011.

Guy Wormser        La Thuile Workshop March 2011
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The act says that 8% of the Full Budget of the Research agencies 
will be used from now on to ensure the full funding of the multiyear  
Progetti Bandiera.
SuperB is the only one quoted as multiyear.
Inside the  8% national  ‘(150 M€ per year) stays comfortable the 
270 M€ requested by INFN in 5 years .
The Minister Act was  finally approved by the Senate and Chamber 
on  Dec 14 and 15, 2010
http://www.camera.it/453?shadow_organo_parlamentare=150
0&bollet=_dati/leg16/lavori/bollet/201012/1215/html/07

Marcello A. Giorgi 13



INFN Triennal plan (2010-2012)( )

F.Forti - Stato di SuperB
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The act of Minister is linked to the Plan of INFN
The  Three Year Plan of INFN, that each year is updated and 
extended by one year) approved in 2011 by the Board ofextended by one year) approved  in 2011 by the Board of 
Directors of INFN contains the spending profile for the SuperB 
construction. It was submitted to the Ministry of Science ( MIUR) y ( )
and accepted.

What needed now to guarantee the funding continuity?
A Program Agreement signed by INFN and MinisterA Program Agreement signed by INFN and Minister.

i e INFN accepts the funding plan and the conditions given byi.e. INFN accepts the funding plan and the conditions given by 
Ministry (monitoring, evaluation  ….)
Money will be given year by year subject to fulfill the conditionsMoney will be given year by year subject to fulfill the conditions.

In 2011 extra 50 M€ expected
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The theoretical schedulee t eo et ca sc edu e



Key milestonesKey milestones

• Site choice Summer 2011
St t i il i i E d 2011• Start civil engineering End 2011

• Machine end Detector TDR end 2011Machine end Detector TDR end 2011
• Start machine installation Early 2013
• First collisions Beg 2016

( M hi l t d• ( Many machine elements are reused 
from PEP-II ))

Guy Wormser        La Thuile Workshop March 2011
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SuperB scopeSuperB scope

• The SuperB project covers :
An asymmetric e+e collider for B tau and– An asymmetric e+e- collider for B, tau and 
charm physics with a polarized e- beam

– A very intense light source with 3 , growing 
up to  10,  light beamlinesp , g

– A SuperB detector
A l ti t– A very large computing system

– Site and infrastructure

Guy Wormser        La Thuile, March 5 2011
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SuperB Machine is an international projectSuperB Machine is an international project

– 3 main sources of income for material:3 main sources of income for material:
• The 270 M€ coming from the Italian government
• In-kind contribution from US : PEP-II hardware• In-kind contribution from US : PEP-II hardware 

(value estimated around 120 M€)
• An estimated 100 M€ from Italian Institute ofAn estimated 100 M€ from Italian Institute of 

Technology for the light source
– Brainpower will come from an international team p

consisting for the moment of :
• Italy, US, France, Russia, UK

– Detailed project organization ongoing now. Should be 
ready in June 2011 at the latest

(Many areas where help is welcome. Time to join!)
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SuperB detector will be built by  a « classical » 
i t ti l ll b tiinternational collaboration

• The detector will reuse  BABAR components and 
will cost an extra 50 M€

• INFN will cover on its own budget (Gruppo 1) 
around 50% of this cost%

• ~25 M€ will therefore have to be found from 
international partnersinternational partners. 

• Presently participation of : Italy, Canada, France, 
Germany Poland Russia Spain UK USGermany, Poland, Russia, Spain, UK, US

• The collaboration is still open. Lots of things to do. 
C id j i i ! Fi t f l ti M 28 iConsider joining! First formal meeting May 28 in 
Elba.
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Present and future goals of  Flavour Physics
It is a game of couplings and scales

if NP particles are discovered at LHC we have to
be able to study the flavour structure of the NPflavour structure of the NP

((“ t ti ” th NP L i ))
bqδ

∝((“reconstructing” the NP Lagrangian))
in addition, have the capability to explore NP scaleNP scale

b d th LHC h eff

∝
Λ

beyond     the LHC reach eff

Coupling  
δ

PRECISION 20%
today

PRECISION 10%
Tomorrow

PRECISION 1%
after tomorrow

(2010-2015)
(LHCb,MEG,NA62…)

(>2015)

Order 1 Λeff ~ 20 TeV Λeff ~ 30 TeV Λeff ~ 100 TeV

MFV Λeff ~ 180 GeV Λeff ~ 250 GeV Λeff ~ 800 GeVMFV Λeff  180 GeV Λeff  250 GeV Λeff  800 GeV
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Many of these channels could be studied by SuperB



SuperB Golden channelsSuperB Golden channels

• To pay tribute to the very impressive 
success of LHCB I just list channelssuccess of LHCB, I just list channels 
that CAN’T be studied there :
– Inclusive b sγ
– B Kνν– B Kνν
– B τν
� τ μγ

• And many many more• And many many more…..

Guy Wormser        La Thuile Workshop March 2011
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Determination of CKM parameters and New Physics
1

Future (SuperB) + Lattice improvementsToday
1
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ρ =   ± 0.0028
η =  ± 0.0024

ρ = 0.163 ± 0.028
η = 0.344± 0.016

Improving CKM is
crucial to look for NP Important also in K physics :Important also in K physics :

K π ν ν , CKM errors dominated
the error budget



Leptonic decay B l ν2
SuperB

SuperB -75ab-1

MH~1.2-2.5 TeV

2HDM-II MSSM
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New Physics contribution
MSSM+generic soft SUSY breaking terms

3
g~

~ ~

(2-3 families)
3

sb b s~
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| |δ = (0 026 ± 0 005)
10-1 Here the players are :

23| |LRδ
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10-2

•(B→Xs γ)
•(B→Xs l+l−) 
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Lepton Flavour Violation in τ decays4

MEG sensitivity  μ eγ ~10-13

Preliminary results < 1.5 10-11

Masurements and origin of LFV Discrimination between SUSY and LHT

10 SO(10) MSSM

Masurements and origin of LFV Discrimination between SUSY and LHT 

7B
R

 (τ SuperB
LFV from PMNS

μγ)

LFV from CKM The ratio τ lll / τ μγ is not suppressed in

M1/2

The ratio τ lll / τ μγ is not suppressed in 
LHT by αe as in MSSM



Lepton flavor violation (LFV)Lepton flavor violation (LFV)

• Lepton flavor violation is unobservably small in the 
Standard ModelStandard Model

• Neutrino mixing proves that there is neutral LFV 
• The next natural question is whether there is• The next natural question is whether there is

charged LFV?
Will th t i tt b t d?• Will the neutrino pattern be repeated?
– If so, then LFV will be largest in 3�2 transitions 

• Best bets: 

• Strong benefits of a polarized beam !Strong benefits of a polarized beam !
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Polarized beams Polarized beam is
(SuperB specific)

LFV analyses :
novel additional handle on backgrounds

τ anomalous moment (g-2)
novel additional handle on backgrounds

The anomalous tau momentum influence both 
the angular distribution and the τ polarization.

Measure the Re(F2) and Im(F2) of the (g-2) from factorMeasure the Re(F2) and Im(F2) of the (g 2) from factor

NP effects
~ 10-6

<

Polarisation is 
-an important issue for LFV p
-opens the possibility of measuring (g-2)
-electroweak physics (neutral current)



Electroweak physics at SuperB

SuperB could add 
a measurement herea measurement here



CP Violation in charm NOW5

2 3
52A λη CPV in D system

To be 
evaluated 

at LHCb

)10(~2~ 3−OA
λ

ληϕ CPV in D system 
negligible in SM

SuperBSuperB

CPV in D sector is a C V secto s a
clear indication of New Physics !





The machine requirementsThe machine requirements
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Crab waist crossing, a superb idea by P. 
R i di (LNF)Raimondi (LNF)



Crab waist for pedestriansCrab waist for pedestrians

• In order to get very high lumi, need transverse 
beam size of nanometer scale

• To benefit from this, need effective sigma_z very 
small

• Extremely hard to do by conventionnal techniques
• Use long sigma z at large angle• Use long sigma-z at large angle
• This create vey large indesirable beam-beam 

ff teffects
• Get rid of the beam-beam effects by pre-

distorsion of the beams!!!

Guy Wormser        La Thuile Workshop March 2011
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Crab Waist Works: First Experimental Evidence

Beam sizes Crab off
Crab On

Crab Waist Works: First Experimental Evidence 

two luminosity monitors Crab offCrab on

A luminosity of 4 5 10**32 was achievdA  luminosity of 4.5 10 32 was achievd 
in DAPHNE, 3 times higher than 
before, and in good agreement with 
simulations!

Crab Sextupoles on all the time since the first time we tested them
simulations! 



Simulations for SuperBSimulations for SuperB
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Beams distribution at IPBeams distribution at IP
E. Paoloni

Crab sextupoles
OFF

waist line is orthogonal 
to the axis of one bunch

Without
Crab-sextupolesO to the axis of one bunchp

Crab sextupoles
ON

With 
Crab-sextupolesO

waist moves to the 
axis of other beam

C ab se tupo es

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





Machine paprameters. Flexibility built in!
Tau/charmTau/charm
threshold running
at 1035

Baseline + 
other 2 options:
L itt•Lower y-emittance

•Higher currents 
(twice bunches)

Baseline: 
•Higher  emittance
due to IBS
•Asymmetric beam

tcurrents 

RF power includes 
SR and HOM

20 Settembre 2010 F.Forti - Stato di SuperB 40
Annecy SuperB Workshop Page 40



Synchrotron light properties @ SuperB
• Comparison of brightness and flux from bending magnets and 

undulators for different energies dedicated SL sources & SuperB HERundulators for different energies dedicated SL sources & SuperB HER 
and LER

• Synchrotron light properties from dipoles are competitive
A d d l t h t i ti NSLS II• Assumed undulators characteristics as NSLS-II

• Light properties from undulators still better than most LS, slightly worst 
than PEP-X (last generation project)

New



SuperB Detector (with options)

42
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Options under considerationOptions under consideration
6 Layer SVT LO Striplets @ 1 6cm if background is 6 Layer SVT LO Striplets @ 1.6cm if background is 

acceptable as default. MAPS Option. 
Retain 5 Layer outer detector. 

SVT – DCH 
transition radius

~> than 20 cm determined by beam 
element cryostats to allow easy 
installation

Decision mid 2011Decision mid 2011

Backward EMC Inexpensive Veto device bringing 8-10% 
sensitivity improvements for B ⎮ ⎨. Low 
momentum PID via TOF? Technical momentum PID via TOF? Technical 
Issues?

Forward PID Physics gains about 5% in B K(*)⎨⎨. 
S h t l  i  f  hi h  Somewhat larger gains for higher 
multiplicities
Open technical options/interactions with 
EMCEMC

Absorber in IFR Optimized layout. Plan to reuse yoke. Still 
need to resolve engineering questions.

44
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White Paper BudgetWhite Paper Budget

CDR Budget 
EDIA Labor M&S Rep.Val.

WBS Item mm mm kEuro kEuro
1 SuperB detector 4037 2422 52953 489221 SuperB detector 4037 2422 52953 48922
1.0 Interaction region 21 12 860 0
1.1 Tracker (SVT + Strip + MAPS) 408 442 6444 0
1 2 DCH 165 139 3421 01.2 DCH 165 139 3421 0
1.3 PID 116 236 5820 7138
1.4 EMC 219 360 12147 31574
1 5 IFR 37 184 1374 01.5 IFR 37 184 1374 0
1.6 Magnet 93 59 3767 10210
1.7 Electronics 994 342 9234 0
1 8 Online System 912 24 2074 01.8 Online System 912 24 2074 0
1.9 Installation and integration 353 624 7596 0
1.A Project Management 720 0 216 0
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R&D and Engineeering SummaryR&D and Engineeering Summary
Sys R&D Engineering
SVT Layer 0 thin pixels

Low mass mechanical support
Silicon strip layers
Readout architecture

DCH High speed waveform digitizing CF mechanical structureDCH High speed waveform digitizing
Cluster counting

CF mechanical structure
Gas speed, cell size

Barrel Photon detection for quartz bars Standoff box replacement
PID

q p

Forw PID Time of flight option
F i RICH ti

Mechanical integration.
El t iFocusing RICH option Electronics

EMC LYSO characterization
Light detection, Other crystals

Readout electronics 
Forward EMC mechanicalLight detection, Other crystals

Prototype Module Test
Forward EMC mechanical 
support

IFR SiPM performance Location of photo-detectors
Prototype Module Test Absorber thickness definition

ETD High speed data link
Radiation hard devices

Trigger strategy
Bhabha rejection

46
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Backgrounds simulationBackgrounds simulation

• Improvements of the SuperB Geant4 model 
– Better model of the SVT. 

d i & l i– Latest IR design & lattice parameters 
– Beam pipe modeled up to the first 

dipoledipole
• ~12 m from the IP
Better beam pipe model at the IP– Better beam pipe model at the IP

• Check of the correctness of the magnetic model 
• good agreement with independent beam • good agreement with independent beam 

simulations
• Work together with DaΦne Team to 

d t d b k d understand background sources



SVT Update: Main progress on pixel R&D

Hybrid Pixel
• First results on Front-End chip bump-bonded to sensor matrix

Prototype hybrid pixel module in preparation:
– Bump-bonding of 3 FE chips with sensor matrix

Fi li Al b d i f t t d l

New version of FE chip for hybrid pixel in preparation: 

– Finalize Al bus design for prototype module

p y p p p
– With vertical integration (2 CMOS layers interconnected) 
– New readout architecture (data push & triggered version implemented)
• Threshold tuning at pixel levelThreshold tuning at pixel level  



SVT Update: Main progress on pixel R&D
CMOS MAPS
• Radiation damage studies: charge collection after neutron irrad. 

up to  7x1012n/cm2 3 5x1012n/cm2/yr expected in Layer0 up to ~ 7x1012n/cm2 ~3.5x1012n/cm2/yr expected in Layer0 

After a long delay first MAPS with vertical integration First Chartered 2D

process (Chartered 130 nm) finally getting ready. 
– 2D wafer delivered- 3D wafers due in Feb 2011  

Vertically integrated MAPS for the II 3D run (June

wafer delivered

Vertically integrated MAPS for the II 3D run (June 
2011) in preparation:
– Simulation of the new readout architecture ready 

(data push & triggered version)(data push & triggered version)
» Efficiency vs trigger latency studied  

– Large matrix area (128x100 pixel): layout of the 
digital tier for matrix ready.

Getting organized for 2011 Testbeam 



R&D on Cluster Counting
BUFFER DISCRIMINATOR

AMPLIFIER 

Local derivative method

BUFFER

VTH close to the 
system noise limit

VTH
DELAY (5-10 ns)

• First tests on 2.5m long, 24mm side square tube in He-CH4 mixture
– threshold and delay still to be optimized



Barrel PID
FBLOCK [SLAC]

Raw block has been produced by Corning and is ready to be shipped.
Had to make a new quote request for the FBLOCK machining operation because a q q g p
buyer made a silly mistake in the first round. The search has 10 companies involved. 

FDIRC prototype studies in CRT [SLAC]p yp [ ]
FDIRC prototype is now being used to study Cherenkov ring resolution & its tails.
BaBar DIRC:

+μ+ μ−

Matt is happy:

Bar boxes removed from BaBar [SLAC + LAL + Saclay]Bar boxes removed from BaBar [SLAC + LAL + Saclay]
And safely stored. Bars look good to visual inspection.
Some PMT studies performed.



Forward PID
FARICH [Novosibirsk]

Test beam in progress

DIRC-like TOF [LAL-Orsay + SLAC]
Large data sample collected in CRT telescope. 
Analysis in progressy p g

A simple pixilated TOF using a LYSO crystal [SLAC]
Caltech provided a full size LYSO crystal. SLAC prepared a detector setup.Ca tec p ov ded a u s e SO c ysta . S C p epa ed a detecto setup.
The prototype with 4x4 G-APD array readout is now being tested in CRT. 
More simple version with single 3mm x 3mm G-APD will be tested in January. 
Data taking in progressData taking in progress.

Electronics [ LAL-Orsay]
Ongoing work on ASICS and system sidesOngoing work on ASICS and system sides
Design of a 16 channel board
→ One step further towards a demonstration that 10 ps precision can be achieved with 

100+ h l100+ channels



IFR UpdateIFR Update

• All needed SiPM received and 
characterized
• Prototype completed  tested with • Prototype completed, tested with 
cosmic and shipped to FNAL
• Prototype tested (1-7 Dec 2010) at 
Fermilab Meson Area

• 9 layer configuration tested with 
different readout schemes 

Pizza Box

different readout schemes 
(5 BiRO layers and 4 TDC layers)
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Labelling and collecting 
the fibers around the supports 

Fill the machined groovesFill the machined grooves 
with optical grease and cover 
it with stripes of reflecting 
aluminum (BiRo only)( y)

Fill with optical glue 
the embedded holes 

Put double-side adhesive
to keep the second layer
(BiR l )(BiRo only)  
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ConclusionsConclusions

• Flavor physics is  a necessary complement of the 
LHC to unravel the detailed structure of the new 
physics soon to be discovered

• SuperB project has just been approved by the 
Italian Government! A major project in Europe at 
the national scale, since HERA

• A very ambitious and innovative machine, state-
of-the art detector, and an aggressive planning, gg p g

• First beams just in time for the XXXth Rencontres 
de Physique de la Vallée d’Aoste!de Physique de la Vallée d Aoste!

56


