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Summary. |The SuperB proje
t is a very ambitious program whose goal is to build, in the im-mediate vi
inity of the Fras
ati National Laboratory, a e+e�
ollider operating inthe �(4S) region with a luminosity in ex
ess of 1036 Hz/
m�2, surpassing by twoorders of magnitude the present generation.Su
h a progress has ben made possibleby the new Crab Waist 
olliding s
heme together with the design of very low emit-tan
e rings. The physi
s goal of this ma
hine is to determine the stru
ture of thenew physi
s (NP) at the Teras
ale that is likely to show up at the LHC. This willbe possible through a very detailed s
rutiny of all NP indu
ed indire
t e�e
ts inrare (or even forbidden in the Standard Model)de
ays and pre
ision measurementsin the quark and lepton se
tors. The proje
t, an oÆ
ial element of the EuropeanHEP Strategy, has been re
ently approved and fully funded by the Italian govern-ment. The Ni
ola Cabibbo Laboratory will be 
reated as a 
onsortium to host andmanage the proje
t. The site has been sele
ted and the dete
tor 
ollaboration is 
ur-rently being formed. The �rst beams are expe
ted in 2016, with a yearly integratedluminosity of 15 ab�1.PACS 11.30.Er,11.30.Hv,12.39.-x,13.35.-r,14.40.Pq,14.60.Fg,29.20.-
 { list1. { INTRODUCTIONAll major dis
overies 
on
erning the 
avour se
tor have, as strange as it may seem,been �rst made by indire
t observations. The existen
e and properties of the 4th, 5th and6th quarks have been demonstrated a few years before their dire
t observations throughthe non observation of neutral 
urrents rea
tions (GIM me
hanism), CP violation inthe K se
tor (KM hypothesis), rate of the B mixing. These indire
t measurements notonly provided information on the existen
e and mass of these quarks but also on theorganisation of the quark se
tor in the Standard Model. The SuperB proje
t goal is torepeat this brilliant history but now for the New Physi
s Beyond the Standard Model(BSM or NP). There is good hope that this approa
h will be very su

essful sin
e wealready know that strong 
onstraints already exist when building any BSM model toavoid produ
ing e�e
ts in the 
avour se
tor in 
ontradi
tion with 
urrent observations.The detailed understanding of the unknown physi
al sour
e of these 
onstraints and theidenti�
ation of the BSM model that Nature has 
hosen to implement is the ultimategoal of SuperB. This task will be made easier when LHC will have dis
overed some newparti
les in the mass range between 200 GeV and 1 TeV, be
ause this will pre
isely
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Fig. 1. { List of golden mode 
hannels for SuperB and their relevan
e for various New Physi
sModels. The modes with a red ti
k are a

essible to SuperB, the ones without are only availablewith hadron ma
hines.set the mass s
ale for the indire
t e�e
ts indu
ed by this new parti
le at SuperB. Therequirement whi
h was used to spe
ify the integrated luminsoty needed for the SuperBphysi
s 
ase is that a 3 � e�e
t should be dete
ted at SuperB in one of the a

essible
hannels for a 1 TeV parti
le given the fa
t that its 
ouplings phase should be atminimum the SM phase (its 
ouplings 
an not be lower as is explained in the so 
alledMinimum Flavour Violation s
heme). The minimum integrated luminosity to rea
h thisgoal is 75 ab�1, whi
h 
an be re
orded in 5 years of data taking at SuperB.2. { SuperB Physi
s GoalsThe general goal of the SuperB physi
s program is to understand in depth the under-lying stru
ture of the new physi
s (NP) beyond the Standard Model (BSM). It has beendemonstrated in great detail[3℄ that by measuring deviations from SM expe
tations in avariety of di�erent 
hannels, one 
ould gather very pre
ious information about the stru
-ture of the NP. This is be
ause all new parti
les with masses below 1 TeV will generatedeviations from SM even if their 
ouplings to normal quarks and leptons is minimum.The table 1 shows the relative sensitivity of the key superB observables with respe
t tovarious theoreti
al frameworks. Several lessons 
an be learned from this table : �rstly,the golden 
hannels lists must be quite 
omprehensive to be able to disentangle all thevarious s
enarios; se
ondly that this golden 
hannel list 
ontains many modes that areonly a

essible to a SuperB fa
tory. Some modes will be well measured by the LHCbexperiment whi
h will have 
ompleted its �rst data taking phase when SuperB will startand integrated around 5 fb�1, as 
an be seen from the table 2 but many others just 
an'tbe measured at all (or not measured with the needed pre
ision) without SuperB be
ausethey involve one or more neutrinos and are based on in
lusive measurements. The right-most 
olumn of this table indi
ates in green the modes whi
h 
an be best predi
ted inthe SM framework, and whi
h therefore 
an be the best 
andidates for unambiguousdeviations from SM predi
tions. There is a strong 
orrelation between these 
lean modesand the moes who 
an be a

essed only by SuperB. It has to be noted that the physi
sprogram of SuperB is not restri
ted to the study of B de
ays at the �(4S) resonan
e.
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Fig. 2. { Sensivity of SuperB and LHCb to various physi
s modes. The 
olour 
ode is as follows: Red : No measurement, Yellow : Not pre
ise, Blue : Pre
ise, Green : Very pre
ise. For thetheory 
olumn, the 
olor 
ode is: Yellow : Moderately 
lean mode, Blue : Clean mode butrequires latti
e 
omputations, Green : Very 
lean modeThe sear
h for lepton 
avour violation is one of the major physi
s goals and the presentlimits on the de
ay � ! �
 and � to three 
harged leptons 
an be improved by a fa
tor10, rea
hing BR level from 10�9 to a few 10�10 be
oming quite 
ompetitive and 
om-plementary with the related sear
h � !e
. A key asset in this sear
h is the fa
t thatSuperB will bene�t of an 80 % polarized ele
tron beam. This will allow the sear
h for� ! �
 to bene�t from a very signi�
ant ba
kground reje
tion. This extra fa
tor willbe quite important sin
e many NP models predi
t BR for su
h very rare de
ays in the10�9 range. The beam polarization also o�ers the possibility to perform sear
h for CPviolation in � de
ays,and to try to perform the �rst measurement of � magneti
 moment.In addition to this key role in the lepton se
tor, the beam polarization will allow tomeasure the �+�� forward-ba
kward asymmetry at 10 GeV, adding a measurement of
omparable pre
ision to th eone performed at LEP. This will again allow a good sensi-tivity to NP. Another feature of the SuperB physi
s program is to run at 
harm thresoldwith asymmetri
 beam energies, giving a

ess for the �rst time to time-dependant CPasymmetries in the 
harm se
tor. The very high luminosity (1035) foreseen at 4 GeV willallow unpre
edented pre
ision in the 
harm se
tor.3. { The SuperB A

eleratorThe SuperB a

elerator 
on
ept stems from a series of very innovative ideas developedin the a

elerator 
ommunity in the last ten years. Previous experien
e with PEP-II and
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Fig. 3. { Pro�les of the two 
olliding beams witout (top) and with (bottom) Crab Waist s
heme.The predistortion of the beams allow the minimum waist of one beam to be aligned with theother.KEKB rings showed it would be extremely diÆ
ult to in
rease in a signi�
ant mannerthe beam 
urrents. Therefore the only solution left to rea
h 1036 luminosity is to 
ollidenanometer size beam. This requires the produ
tion of extremely low emittan
e beamsin the ele
tron and positron sour
es and in the lina
, the low emittan
e 
onservationin the rings and the design a �nal fo
us system 
apable to generating and putting instable 
ollisions 50 nm verti
al size beams.This has been made possible in parti
ularthanks to the development of the all the a

elerator R&D performed in the frameworkof the International Linear Collider proje
t where the issues are exa
tly the same. Onemust also point out that SuperB rings have also bene�tted from the development ofvery high brillian
e 3rd generation light sour
es. But the 
ollision of su
h dense beams
reates, if no 
ounter measures are taken, very large beam-beam resonan
es whi
h willimmediately blow up the beams. The Crab Waist s
heme, whi
h 
onsists in the additionof two sextupoles very near the Intera
tion point, has been pre
isely invented by PantaleoRaimondi,[6℄in order to suppress these beam-beam e�e
ts by predistorting the beamsbefore the 
ollision in order to minimize the beam-beam e�e
ts. The e�e
t of the CrabWaist sextupoles of the beam pro�les are displayed in Fig. 3. The tune spa
e, whi
h waspreviously heavily populated by beam killing resonan
es, o�ers now very large resonan
e-free zones.([2℄, p. 54) The 
rab waist s
heme was very su

essfully demonstrated on theDAFNE storage ring in 2008-2009 [5℄. DAFNE luminosity has been in
reased by a fa
tor3 
ompared to the absen
e of sextupoles, as predi
ted by the simulations. It is oftenasked how to 
ompare this sizable but modest gain with the fa
tor 100 expe
ted betweenSuperB and present 
olliders. As mentioned above, the very large luminosity in
reasewill be due to the very small size of the beams, going from mi
rometer to nanometerverti
al size. The Crab waist te
hnique is the key enabling fa
tor, making possible the
ollision of su
h dense beams without detrimental beam-beam e�e
ts.The detailed des
ription of the a

elerator design has been re
ently updated and isdes
ribed in [2℄. The preliminary layout of the a

elerator on the SuperB site (see below)is indi
ated on the �gure 4. It 
onsists of a polarized ele
tron sour
e, a high yield positonsour
e 
oupled to a positron damping ring,, a 7 GeV Lina
 and of two 1250 m rings. As aresult of the partnership with the Italian Institute of Te
hnology, SuperB rings will alsobe used to produ
e top 
lass syn
hrotron beam lines. 6 su
h beam lines are tentativelyindi
ated on the �gure 4, lo
ated on the High Energy Ring, sin
e 7 GeV light sour
esare mu
h more diÆ
ult to �nd than 4 GeV ones. The brillian
e of su
h beamlines will
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Fig. 4. { Layout of the SuperB a

elerator on the Tor Vergata (preliminary)be higher than any other presently running ma
hine, given the very low emittan
e andrelatively high 
urrent (2 Amps) of the Super B ring. ([2℄, p. 144)4. { The SuperB SiteGiven the revolutionnary 
hara
ter of the SuperB ma
hine, no present ring or tunnelin Europe is 
apable of hosting the SuperB proje
t. It has been therefore ne
essary toexplore green �eld s
enarios. the SuperB proje
t has issued a Site Spe
i�
ations do
u-ment, whi
h has been reviewed by an international Site Committee. The spe
i�
ationsadress the following issues : site size given the ma
hine 
ir
umferen
e (1250 meters), thespa
e needed for syn
hrotron beam lines, and oÆ
e and utility spa
es, geology, vibrationlevel, 
onstru
tibility, ease of a

ess for people and 
omponents, availability of energyand 
ooling, proximity of a nearby INFN stru
ture, industrial expertise level in the vi
in-ity. A 
lear desire has also been expressed towards a site allowing a shallow tunnel sin
ethe presen
e of several syn
hrotron light beamlines make this possibility extremely 
oste�e
tive. Although several site 
andidates have been identi�ed throughout Italy, theINFN management indi
ated its marked preferen
e for a site in the immediate vi
inityof the Fras
ati National Laboratory where is lo
ated the a

elerator design team. Twosites have been �nally 
onsidered, the LNF site itself wheer the ma
hine has to be deeplyunderground given the strong slopes on this site and the nearby Tor-Vergata Universitysite (Fig.4). The geologi
al stru
ture of the Tor Vergata is very favorable be
ause of its
atness, uniformity and the good vibration damping properties of the pyro
lasti
 ma-terial. A intensive vibration measurement 
ampaign has been performed by the LAPPAnne
y team and the results show that the RMS verti
la motion along the ring or at theIP is between 20 and 40 nm, mu
h below the 300 nm required, in spite of the presen
eof the Rome-Naples highway 100 m away!(Fig.6). Given all these ni
e properties (thesite has also been 
he
ked against ar
heologi
al remains), the Tor Vergata site ahs been
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Fig. 5. { Long term measurement of the RMS verti
al displa
ement at a point on Tor Vergatasite, 
lose to the future SuperB Intera
tion Region. The RMS varies between 10 and 20 nm,when the noise is integrated between 1 and 100 Hz.formally sele
ted and oÆ
ially proposed by the Tor Vergata University to INFN for Su-perB use. INFN has endorsed this proposal and therefore, the Tor vergata site has beende�nively sele
ted as SuperB site.5. { The SuperB Dete
torSin
e the BABAR and SuperB physi
s requirtements are very similar, the SuperBdete
tor 
an and will reuse very signi�
ant parts of the BABAR dete
tor in order to save
osts and time, and be
ause its very good properties : magnet, iron yoke, CsI(Tl) based
rystal 
alorimeter, and the quartz bars of the Parti
le IDenti�
ation system (PID). Theoverall stru
ture of the SuperB dete
tor shown in Fig. 3 is therefore very similar toBABAR. However, sevral main di�eren
es exist. The mu
h higher luminosity in SuperBwill for
e the SuperB vertex dete
tor to be mu
h more radiation resistant both in termsof integrated dose and instantaneous o

upan
y than the BABAR one. In addition, thesmaller boost (0.238 instead of 0.56) in SuperB for
es the �rst SVT layer to be 
loserto the beam pipe, in order to retain a 
omparable or better proper time resolution.The SuperB physi
s program 
alls for a better hermeti
ty of the dete
tor be
ause of therenewed importan
e of the mode involving one or two neutrinos in the �nal state. SuperBwill therefore be equipped, budget permitting, of a forward PID devi
e and of a ba
kward
alorimeter. These two additions will in
rease in total by 10% superB eÆ
ien
y to thevery rare modes des
ribed above. The detailed des
ription of the SuperB dete
tor 
anbe found in [1℄. It is displayed in Fig.7.Some modi�
ations will be implemented on the parts 
oming from BABAR: the 
ux-return will be augmented with additional absorber to in
rease the number of intera
tionlengths for muons to roughly 7�; the DIRC 
amera will be repla
ed by a twelve-foldmodular 
amera using multi-
hannel plate (MCP) photon dete
tors in a fo
using 
on-�guration using fused sili
a opti
s to redu
e the impa
t of beam related ba
kgroundsand improve performan
e; the forward EMC will feature 
erium-doped LYSO (lutetiumyttrium orthosili
ate) 
rystals, whi
h have a mu
h shorter s
intillation time 
onstant,a lower Moli�ere radius and better radiation hardness than the 
urrent CsI(Tl) 
rystals,again for redu
ed sensitivity to beam ba
kgrounds and better position resolution.The tra
king dete
tors for SuperB will be new. To maintain suÆ
ient proper-time dif-feren
e (�t) resolution for time-dependent CP violation measurements with the SuperB
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Fig. 6. { Cross se
tion of the SuperB dete
tor. the bootom part in
ludes teh two options
onsidered to improve SuperB hermeti
ity: a ba
kward 
alorimeter and a forward PID devi
e.boost of �
 = 0:24, the vertex resolution will be improved by redu
ing the radius of thebeam pipe, pla
ing the innermost layer of the SVT at a radius of roughly 1.2 
m. Thisinnermost layer of the SVT will be 
onstru
ted of either sili
on striplets or Monolithi
A
tive Pixel Sensors (MAPS) or other pixelated sensors, depending on the estimatedo

upan
y from beam-related ba
kgrounds. Likewise, the design of the 
ell size and ge-ometry of the DCH will be driven by o

upan
y 
onsiderations. The hermeti
ity of theSuperB dete
tor, and, thus, its performan
e for 
ertain physi
s 
hannels will be improvedby in
luding a ba
kwards veto-quality EMC dete
tor 
omprising a lead-s
intillator sta
k.6. { The SuperB Proje
t StatusBetween De
ember 2010 and May 2011, the SuperB proje
t has su

esfully 
leared allthe govermental milestones to be
ome a fully funded proje
t. SuperB has been ranked�rst among a list of 14 Flagship Proje
ts forming the 
ore of the 2011-2013 NationalResear
h Plan in Italy. This Plan has been approved by the government and voted atboth Houses of the Italian parliament in De
ember 2010, together with a generi
 fundingme
hanism. This resulted in a immediate release of 19 M towards the 
onstru
tion ofSuperB. The details of the SuperB funding, and espe
ially its pluriannual investmentpro�le have been re
ently endorsed by the interministerial CIPE 
ommittee. A budgetof 50 M in 2011 has been allo
ated to the proje
t. a

ording to the INFN triennal planindi
ated below. The s
ope of the SuperB proje
t 
onsisting of a HEP a

elerator and asyn
hrotron light sour
e, a 
onsortium will be made within the following months betweenINFN, IIT (The Italian Institute of Te
hnology, in 
harge of the light sour
e se
tor), TorVergata University (mainly in 
harge of the 
ivil 
onstru
tion on the site) and the Italian
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h. The de
ision has been taken to name this 
onsortium Ni
olaCabibbo laboratory. The intention of the Italian Governement is to make this stru
tureevolve into an ERIC (European Resear
h Infrastru
tre Consortium) in a few years. TheNi
ola Cabiboo Laboratory wil be very a
tive to seek international partnerships for the
onstru
tion of the SuperB a

elerator.7. { Con
lusionThe laun
h of the SuperB proje
t is a very rare and important event in Europeanparti
le physi
s. Only on
e every 25 years or so, a large s
ale proje
t is 
reated inEurope besides the CERN proje
ts, the last exemple of su
h an initiative being HERAin Hamburg. It is of 
ourse very 
lear that the 
on
entration of European investments atCERN is essential, but the added diversity by su
h national or regional programs is alsoimportant and was re
ognized as su
h in the European Strategy do
ument adopted inLisbon in July 2006. The ex
eptional s
ienti�
 and te
hnologi
al merits of the SuperBproje
t make this new adventure parti
ularly ex
iting. Re
ent de
isive progress havebeen a

omplished with the �nal approval and funding of the ma
hine by the ItalianGovernnement, the �nal site sele
tion on the 
ampus of the Tor Vergata University, thede
ision to 
reate the Ni
ola Cabibbo Laboratory 
onsortium, the formal laun
h of thedete
tor 
ollaboration formation. In parallel to these major milestones, the detailedte
hni
al design of the a

elerator, syn
hrotron light beam lines and dete
or is takingpla
e, with the publi
ation of Te
hni
al Design Reports do
uments in 2012. Given all thisa
tivity, ma
hine 
ommissionning 
an be expe
ted in 2016, in a time frame a little laterbut 
omparable to the similar program, SUPERKEKB and BELLE-II, being pursued inJapan. The 
ompetition with this proje
t will be a

ompanied with a very substantive
ollaboration, as was already the 
ase in the PEP-II/BABAR-KEKB/BELLE lifetimeand will 
ertainly turn out to be very fruitful. Major s
ienti�
 breakthroughs, in termsof a deep understanding of the organisation of the physi
s beyond the Standard Model,in partnership with the LHC results, 
an therefore be 
on�dently expe
ted around 2020,when SuperB will have 
olle
ted its nominal integrated luminosity of 75 ab�1.REFERENCES[1℄ M. Bona et al., SUPERB : A High-Luminosity Heavy Flavour Fa
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