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1. Project Motivation
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B Factories: a Great Success

il i
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| B Factories =»Super Flavour Factories

Super
Flavour

Should work
50-100 times
faster
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SuperB in a nutshell

Data sample of 75 ab! (@Y(4S)) Squeeze the beams (ILC-like)

Same wall plug power as B factories

Luminosity at least of 1036 cm2s!

Re-usage of PEP-Il components

Flexibility of the collider: runs at the charm (and Y(5S) ...) thresholds
with the luminosity of 103°> cm2s?  (charm: 0.5 ab?, Y(5S): 1 ab?)

Tau physics

Longitudinal polarization of the electron beam (80%)

Moderate improvements of the detector
Site: Tor Vergata (Rome) (almost) brand-new accelerator

Clean EW measurements

Start of data-taking: 2017- 2018 Plans for at least 10 ab/year
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2. Physics Program
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SuperB: Main Physics Goals

(moreless) in descending order of masses of heavy flavour particles:

1. Y(4S) physics: improvement by an order of magnitude
in the precision (to compare with B factories)

High
luminosity

v' Studies of T-violation in B meson decays
needed

(BaBar’s observation; FPCP12; talk by P. Villanueva-Pérez)

Tests of the CKM paradigm at the 1% level Scanin CM
3. Potential spectroscopy discoveries energy

Longitudinal

polarization
5. CPVin charm, also with time dependent asymmetries of the electron

b physics at Upsilon resonances other than (4S)

beam

6. Electroweak measurements €

7. Tauphysics & Y(4S):
- coherent Bbar pairs
v'  Lepton Flavour Violation (LFV) sensitivity P
- improvement by 1-2 orders of magnitude Charm threshold:
v/ CP and T-violation coherent pp pairs

v Electro-magnetic structure of the tau

Synergy with the LHC
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CKM Precision Measurements
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rare decays

Rate modified by the
presence of H*

High sensitivity to New Physics

T.Lesiak

Existing limits are weak

Many observables Can be measured only at SFFs
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B,q rare decays

Observable Experimental | Theoretical (SM)
estimate expectation

BR(B — Xsy) (x10™%) 3.55+0.26 3.15+0.23

BR (B — 1vr) (x107%) 1.64 +£0.34 1.1+0.2
BR(B — X TI7) (x107° 366i077 15910 11
BR(B — K*utu™) (x10~ 6) 1.154+0.16 1.19 +£0.39

BR(B — K*eTe™) (x107%) | 1.09+0.17 1.19+0.39 .
BR(BT — KTuvp) (x107°) < 160 3.6+0.5 0.7
BR(BT — K*tup) (x107°) < 80 6.8+1.1 1.1

»The impact of SuperB on flavour physics” arXiv:1109.5028 [hep-ph]
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B, rare decays
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Observables:

BY 5 D&,

(B — Drv
R(D) = ( TV)

BaBar expt: arXiv:1205.5442 [hep-ph] (B — Div)

Vera Luth’s talk at the FPCP12
F.Ferrarotto’s talk at this Workshop

) (B — D*rv
]?(D) _ ( D TL )

(B — D*lv)

R(D) R(D*)
BABAR 0.440 = 0.071 0.332 £ 0.029
SM 0.297 + 0.017 0.252 £+ 0.003
Difference 200 2.7 0

The SM prediction is excluded at 3.4 sigmas

Sensitivity to the tan 8/mg in the 2HDM Il model

BUT... combination of R(D) and R(D*) inconsistent
and excludes the 2HDM Il (>99.8%)

»Hot” decay channel also for the SuperB
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B, at Y(5S)
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» B.-related measurements —domain of the LHCb (and ATLAS and CMS)

» BUT: short runs at the Y(5S) (CLEO, Belle)
indicated the potential for e*e” machines
to contribute in this area

[Via/Vis

» Potential highlights from the SuperB:

Observable Error

with 1 ab=1 with 30 ab™!

AT [ps™1] 0.16 0.03

r [ps—1] 0.07 0.01
Bs from Bs — J/¢¢ [deg] 16 6
Bs from Bs — KOKO [deg] 24 11

| 0.08 0.017

. . 0.0 *
1.B, decays with neutral particles: [ B: = J/¥n® | | Bs = K§n® | | By = DOKG | | Bs — ¢

2. Measurement of B(Bs = v7) SM: Br=(2-8)x 107, NP (e.g. SUSY) 5x 10°

SuperB precision (30 ab?) 7% (stat), 5% (syst)

(assuming the Br of the SM)

4
1—1|4
. . s _ Nij—N.
3.Measurement of the semileptonic asymmetry of the B.: Ag = 1+‘2)4 = NiFN
p

SuperB precision (30 ab?): 0.004

Ny = B(Bs — Bs — D$)71ty)

No = B(Bs — Bs — DT 171

T.Lesiak The SuperB Project
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I Lepton Flavour Violation (LFV) in tau decays

>

LFV as an unambiguos probe of NP, with negligible theoretical uncertainties

The tau is the most suitable lepton to search for LFV effects
(the heaviest charged lepton with many possible LFV decay modes)

LFV for charged lepton is negligibly small in the SM
(even after taking into account neutrino oscillations)

LFV decays occur in many extensions of the SM

(SUSY in particular)

y || Higgs (hH/A)< 1S
u"" ;"'l l‘l S
» /X\T’ ¥ mr
T e or |l T €or Ll
~ ~0
X X
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The branching fractions

of many tau LFV decays

are within SuperB
sensitivity
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Lepton Flavour Violation (LFV) Iin tau decays

The most promising

&,
decay channels: e 10 r T
T [RU 2 7]
HY 810 ¢ ; factories. :
O elle, BaBar)
T < | eame
A (‘I m . 2018
Sensitivity (90% U.L.) 10 : T ol )
r mSUGRAtseesaw
| B(r - uy) ~2.4 x 1079 | ~ ~ 0
SUSYHSO(10)
‘ B(r — pup) ~ 2.3 x 10~10 -8 _
' SM+see saw, ;

Complementarity SUSY-HHTI Super
ops

MEG (COMET, Muze) [ITRECAFoT ’010.3' T 3
&

Luminosity (aI51)

SuperB
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Tau LFV studies with Beam Polarization

Polarization (80%, electron beam):

—> additional discriminating variable
to be used in tau LFV searches

= background suppression:

T— Y

Signal (with polarization)
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CP Violation In tau decays

CP violation in charged lepton decays — not observed yet

» The SM: CP violating asymmetries are expected to be vanishingly small e.g.

» The CPV asymmetries in angular distributions can be enhanced even up to 0(101);
in some NP frameworks (RPV SUSY, non-SUSY multi-Higgs models)

»  Sizeable NP effects for

» CLEO : study of tau charge-dependent asymmetry of the angular distribution

of the hadronic system produced in

CLEO estimate (13.3 fb1):

the mean of the optimal asymmetry observable

SuperB sensitivity (75 ab1): E(r — K,?ﬂ'VT) ~ 2.4 x107°
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Tau g-2 Factor

» Long standing discrepancy for the muon g-2:

Aa
q = ~
» The natural scaling: |

» interpreting the as a signal of NP =

» The tau g-2 (and the tau EDM as well) influences both the angular distributions
and the polarization of the tau produced in e+e annihilation

» SuperB (75 ab!): can measure the g-2

form factor with the resolution of [N RIS 10°°

Crucial role of beam polarization
» Proposed measurements : /

1. Fit to the polar angle distribution of the SINGLE tau lepton

2. Measurement of the transverse and longitudinal polarization of
the tau from the angular distribution of its decay products

Similar considerations and measurements for the
electric dipole moment (EDM) of the tau
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| Polarization & Electroweak Measurements
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Charm Physics

SuperB: plans for running at D-Dbar threshold
Possible scenario: 500 fb! at the ¥(3770) - few months of running (103> cm=2s?)

D-Dbar pair is entagled: tagging events in which one D meson is identified
=» the other D can be studied with very small background contamination

Potential highlights from the SuperB:

1. Improved (x10) precision in mixing parameters X and Yy

4 4
2. CPviolation in D-Dbar oscillations: ASL(DO) — % — %
ap|*+Ipp 11+No

Ny =1 (DO(t) » I"vKT)

No =T (DO(t) - ITvK—
3. Search for [ TR o =T (D(t) - ITvK™)

BaBar:
F.Ferrarotto’s talk

4. Quantum correlations in decays od D-Dbar can allow e e s

for measurement of their relative strong phases

T.Lesiak The SuperB Project




DY Mixing

1T 11T 1T 1T 1T T | 1T 17T 17T 17T 17T 17T 171 T T 1 T T T T T T T T [ T T

W hh (y,) 1 kxx’ (xy") - W HE (7, L] Kw=’ (xy") 1
W KA (xy) — 1-5 ¢ fit contours - I KA (xy) 1-5 ¢ fit contours
0.04 & ] L B Kx (x%y)

| [ SuperB at Y(4S) only ;
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DY Mixing
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0015 — 0015 f—

SuperB at Y(4S) only
AND BES Il

| SuperB at Y(4S) only

SuperB with 500 fb?
at ¢(3770)

Observable | Experimental | Theoretical (SM) SuperB
estimate expectation (75 ab—1)
X (0.63£0.20)%
y (0.75+0.12)%
la/p| (0.91 +0.17)%

»The impact of SuperB on flavour physics” arXiv:1109.5028 [hep-ph]
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g ol B factories: a plethora of new states( and ones on the picture).
\ “ Y (4660 ) Most of them do not fit into conventional
ﬂ‘ Y(§$30> mesons and baryons
W\ | 437 4°s, s hybrid mesons, molecules, tetraquarks ...?
\\ | —— (4415
:. \ —Y (4350) ——X(4350)
R\ ~ —— (4260 ) 2'p, 2°p, 2%p,  ——Y(4274)  DiD:
> mh — 4(4160) ' e X (4160 ) b
v ne(3S) Y (4140 ) DsDy
LD oy 4008 mr{ pr—ea-(2P) D*D*
— (.0 YRS ST, Top)  Xel (2F) X . Y(3940) DuDs|
wn 1QUI 73040y X(3872) T Y43915. DD.
1 35" 13
% 4 (3770 o 1D = |
E ne (28) AE)) &D
he (1P) wip) 2D
33 Xc0.(1P)
SuperB:
J/u(1S) e  much more detailed studies of these states,
30 | nc(18) also in several other modes;
natural expectations of discoveries of new states.
0‘—+ 1‘—— 1 l+- Ol++ 1 |++ 2;-1» 2.-+ 2I—— 3I—- ?:?4»
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3. Infrastructure
(Accelerator and Detector)
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The Quest for Luminosity

SuperB
(& SUPERKEKDB)

Peak Luminosity Trends (e'e” collider)

10% ¢

oo Lo >50times @ B
: higher luminosity

=
&
T

108

Luminosity

BEPC-II

10% —

10%
1970 1980 1990 2000 2010 2020
Year
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| The Quest for Luminosity

/ Beam-beam parameter \
Beam current / 0.09 KEKB
1.7/1.4 A e+e- KEN ¥ 0.125 SuperB
1.9/2.5 A SuperB L I:tgyj: = beta-function
X T& (trajectories envelope) at IP
YT 6 mm KEKB

\_ 0.3 mm SuperB

Keep the same power and squeeze the beam (ILC)
/Moderate beam requirements: \
Tight focus at the IP

= 1.9/2.5 A beam current ” ”
= moderate RF power (17 MW) O, X Oy = Sum x 0.35um
= 5 mm bunch length (o,)
= Low emittance: smaller than done so far

€x X € = 2nmM X 5pm 0.035

. pwm
= continuous injection < > _
< > 35 nm
8 um

All of these have been done at
\ other facilities ! /
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| The Crab Waist

the waist line
is perpendicular
to the axis
of the beam
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The Crab Waist

the waist line
is perpendicular
to the axis
of the other beam

Luminosity
improvement
by a factor 2-4

Suppression of
synchro-beta
resonances

Positive tests at DAONE

Realization:
sextupole
&
anti-sextupole
on both sides
T.Lesiak The SuperB Project of the IR




The N.Cabibbo Lab (Tor Vergata)

AT . e

» Tor Verg

ata site &
Y oSe N

b{

SuperB ring
(1200 )

011 DigtalGlobe, CnessSpot Infi
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| The N.Cabibbo Lab (Tor Vergata)

Tor Vergata Campus

-

~ 250000m2 of green fleld \

= “"’":‘—- : k ’
Circumference: 1258m

- o B i+ \ ~ L
R0 B 2
T g

o 2 l' i g .‘ -

A\ ﬁ\ 3 %

o

Photon beam lines considered !!!
(no impediment to HEP operation)
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SuperB vs SuperKEKB

Parameter units

Circumference m

Energy GeV
X angle (full) mrad
B, at IP cm
By, at IP cm
€y nm

Emittance ratio 9

o, (full) mm
| mA
o, at IP wm
o, at IP wm
Ex
Sy
} Luminosity cmZ sl

e polarization
Run at (3770)

T.Lesiak

V o \
superB
) S 4

SuperB (Baseline)
HER (e+) LER (e-)
1258.4
6.7 4.18
66
2.6 3.2
0.0252 0.0206
250 2.41
0.25 0.25
5 5
1892 2410
Z2n 8.782
0.035 0.035
0.0021 0.0033
0.0978 0.0978

1x1036
80%

yes

The SuperB Project

Super
KEKB

uest for BSM

SuperKEKB
HER (e-) LER (e+)
3016.3
7 4
83
2.4 3.2
0.041 0.027
2.4 3.1
0:35 0.40
5 6
2620 3600
1715 102
0.059 0.059
0.0028 0.0028
0.0875 0.09 |
0.8x103% \ |
none ‘
No
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SuperB Detector
EF
O
3 IFR
200F—
o
_ Some
components
-200 C of the BaBar
e experiment will
: (ERMIE be reused
siisalipiasdesntadlnaiisldmlslailnbulal b sl
-300 -200 -100 0 100 200 300 cm
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T.Lesiak

4. Project Status

The SuperB Project
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SuperB Status

December 2010 - approval of the Project by the Italian Gov.
- funding 250 M EUR

May/June 2011 - Kick-off Meeting (Biodola, Isola Elba) "

- decision about the site —Tor Vergata
- the Cabibbo Lab is announced

June 2011 - formation of the Consortium INFN —Univ. Tor Vergata

CABIBBO LAB

Laboratorio Nicola Cabibbo

7 Oct. 2011 - the official startup of the Lab. N. Cabibbo

April 2012 - definition of the management team for the
construction of the accelerator

End of 2012 - TDRs for the accelerator and detector

waiting for the beginning of civil engineering works
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New era: B-factories = Super Flavour Factories.

sor” e
e pay O D
S . PR
f &
'

- —_ b ©
——— T —

.

e

i

The Super Flavour Factory SuperB aims to be a precise tool
to elucidate New Physics in a way competitive to the LHC.

To achieve this goal, the reach of luminosity 103 cm2s
and the total sample of 75 ab™! is expected.

The SuperB offers the highest luminosity

AND two unique features:

1. polarization of e beam (vital for tau and EW physics),

2. possibility of scan in CM energy with high luminosity

(vital for charm physics).
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SuperB References

A Conceptual Design Report (CDR),
signed by 85 Institutions:
arXiv:0709.0451 [hep-ph]

-

Progress reports (white papers):

v’ detector: arXiv:1007.4241 [hep-ph]
v’ accelerator: arXiv:1009.6178 [hep-ph]
v’ physics: arXiv 1008.1541 [hep-ph]

~

- /
(Oth i :
er physics papers:
v’ ,,The Discovery Potential of a Super B factory”, hep-ph/0503261
v’ Valencia workshop proceedings, arXiv:0810.1312 [hep-ex]
\ v'The impact of SuperB on flavour physics, arXiv: 1109.5028[hep-ph]

Homepages: SuperB: http://superb.infn.it/home/
Cabibbo Lab: http://www.cabibbolab.it/
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