The SuperB factory
physics potential and project status

Jarostaw Wiechczynski
Institute of Nuclear Physics PAS

4.06.2012 MESONZ2012



OUTLINE

1. Project motivation

2. Physics program

3. Accelerator & Detector
4. Project Status



Project motivation

Successful output of the last decade B factories
-> KEKB (Belle) and PEPII (BaBar)

Qualitative progress in the measurements of angles and sides of the CKM matrix
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Observation of DIRECT CP violation in B decays 05 |

b—2s transition as a powerful tool to search for NP
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Observation of many rare B decay modes (B 2 D, B2 7v ..

Observation of charm-meson mixing

Spectroscopy: evidence for several new states

We need more precision to
Qualitative progress in studies of 7 rare decays search for the evidence
of the New Physics

Should work

- 50-100 times
I , faster




SuperB in the 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 10°* cm?s?  (charm: 0.5 ab?, Y(55): 1 ab?)

Longitudinal polarization of the electron beam (80%) Tau physics

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

Start of data-taking: 2016- 2017 Plans for at least 10 ab™/year

Clean EW measurements
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Main Physical goals

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

. Tests of the CKM paradigm at the 1% level needed

. Potential spectroscopy discoveries

. b physics at Upsilon resonances other i
thgnyY(4S) Scanin CM

. CPV in charm, also with time dependent energy
asymmetries

. Electroweak measurements

. Tau physics Longitudinal

polarization
of the electron
beam

> Lepton Flavor Violation (LFV) sensitivity
-> improvement by 1-2 orders of magnitude
CP and T-violation

> Electro-magnetic structure of the tau



CKM precision
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SuperB can determine the parameters of the Unitary Triangle T [ e triangle
with the precision of an order of magnitude better than measured

. . v:d v:b
by the previous B Factories.
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B_at Y(55)

Studies on B_decays mainly performed at LHC experiments

However... high potencial for such studies for e"e” colliders — already shown by studies
on Y (5S) data collected by Belle and BaBar.

Potencial highlights from SuperB:
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1.B, decays with neutral particles: | 8:= /1" | | 8 — K5=° [| B. = D'WEKE | | Bs — o'

2. Measurement of B(Bs — 77) SM: Br » (2-8) x 107, NP (e.g. SUSY) 5x 10°°
SuperB precision (20 ab™) 7% (stat), 5% (syst) (assuming the Br of the SM)
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3.Measurement of the semileptonic asymmetry of the B.: ?
SuperB precision (20 ab™1): 0.004 Ny = B(Bs — Bs — Dg*j_f."'u,g]

Ny = B(B: — B, — D111




Lepton Flavour Violation (LFV) at tau decays

» LFV as anunambiguos probe of NP, with negligible theoretical uncertainties

» Thetau 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)

B(r — ly) < 10724

B(r — 1) < 10714

The most promising
decay channels:
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T — pp

Sensitivity (90% U.L.)

B(r — pup) ~ 2.3 x 10—10
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Polarization & Electroweak measurements

80% longitudinal polarization for electrons - unique feature
for the SuperB experiment

» Useful for electric dipole moment (EDM) and anomalous magnetic moment g-2
measurements

e Additional discriminating variable e s5in%0w at 10.58 GeV

to T LFV searches (precision similar to LEP)
— Improved background rejection
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Polarization = additional discriminating variable to tau LFV searches

- background suppression: - |~ ©xisting measurements

" | = future measurements (anticipated uncertainty)
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Signal (with polarization)
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g-2 factor & EDM

» interpreting the

#» 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 ab1): can measure the g-2
form factor with the resolution of (0.75 - 1.5) x 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




Charm physics

SuperB: plans for running at D-Dbar threshold

Possible scenario: 500 fb! at the ¥{3770) — few months of running (10% cm™s1)

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:

Improved (x10) precision in mixing parameters X and Y,

| 4 4
CP violation in D-Dbar oscilations: ASL(BD) — JEDJHLEELT — lel# —1V
1T 4vD

lap|*+|pp|
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searchor | EREY [ =TT i)

Quantum correlations in decays od D-Dbar can allow
for measurement of their relative strong phases




DO mixing

— The availability of quantum-correlated D decays allows independent measurement
of strong phases like 6Kt , OKTITT

— Substantial improvement of the precision in mixing parameters x_ and y_ to the level
of the order of 10™ is expected.
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Spectroscopy

v[4415)

mesons and baryons =2 hybrid mesons, E vz
molecules, tetraquarks ...

All the new c-cbar states (apart from
the X(3872) ) have been observed

in only a single decay channel,

each with a significance barely above 50

= Established

" Mew States

_| Theory

SuperB: x100 more events T2 7 e
- much more detailed studies of these states, also in several other modes

Natural expectations of new discoveries at the SuperB

Bottomonium: SuperB can look for not yet observed singlet states
(parabottomonia)
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Luminocity

Peak Luminosity Trends (e'e” collider) SuperB

10% ¢ (& SUPERKEKB)

ol >50 times
higher luminosity

=)
S
|

100 femmmmmmma————————— wmmmmmmwmmimmmmmmmmmu

Luminosity

LEP e

. i TRISTAN

e

T 1 . V- . d o
E ! |

2010 2020



Luminocity

Beam-beam parameter
Beam current 0.09 KEKB
1.7/1.4 A ete KEHE\\ 0.125 SuperB
1.9/2.5 A SuperB I Ij:&-y:l: beta-function
X ﬁﬁie”/—{;a—j:cturies envelope) at IP
Y

& mm KEKB KEKB SuperB
0.2 mm SuperB

1.9 1.9/2.4
IP beam distributions for KEKB 6 0.3
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The N.Cabibbo Lab (Tor Vergata)

g

I .-I- L L}
] - gl - il -
X il . ﬂ

Circumference 1253m

Rl 2
=\
\ |
Eﬁiy

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




SuperB detector
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> Silicon Vertex Tracker (SVT)

> Drift CHamber (DCH)

> Particle IDentification (PID)

> ElectroMagnetic Calorimeter (EMC)
> Instrumented Flux Return (IFR)



Status of the SuperB project

December 2010 - approval of the Project by the Italian Gow.
- 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

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

April 2012 — definition of the management team for the &
construction of the accelerator

September 2012 — TDRs for the accelerator and detector

waiting for the beginning of civil engineering works



Cracow activities

Polish ,,SuperB Consortium”: - Iumm
GH

ACCELERATOR
- participation in the R&D, design, tests and CONSTRUCTION

IFR detector
- participation in the R & D, design, tests, construction...
- mechanical engineering, electronic and DAQ aspects

LUMI MONITOR:
- preliminary studies related to the lumi cal. construction

COMPUTING:
- participation in the design and construction
of the overall SuperB computing (& GRID, cloud etc.)

PHYSICS: tau and B exclusive decays



Summary

New era: B-factories = Super Flavour Factories

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 10°° cms?
and the total sample of 75 ab! is expected

The SuperB offers the highest luminosity
AND two unigue features:

1. polarization of e beam (vital for tau physics)
2. possibility of scan in CM energy with high luminosity
(vital for charm physics)



SuperB References

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

X

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]

- >/

F‘r()thae:r physics papers:
v’ The Discovery Potential of a Super B factory”,

hep-ph/0503261 (2005)
v’ Valencia workshop proceedings arXiv:0810.1312 [hep-ex]j

Homepages: SuperB:

Cabibbo Lab:
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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 o(107});
in some NP frameworks (RPV SUSY, non-SUSY multi-Higgs models)

PR R B (7 — KOnwr) = (—2.0£1.8) x 1073

the mean of the optimal asymmetry observable

SuperB sensitivity (75 abl): (T — H‘-E?TI.J’T] ~ 2.4 %1072 ‘
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