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SuperB: an overview
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Ways to New Physics

Power of intensity:

O  Precision measurements in the flavor sector sensitive to NP: interference effects in
known processes, SM rare or forbidden decays

O NP effects are controlled by NP scale /A and effective couplings: measuring the
coupling © disentangle different NP patterns

b2 LHC: Open the

“w Flavour Physics: box
\ \l

shake the Box, listen real particles

virtual particles \
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Ways to New Physics

Power of intensity:

O  Precision measurements in the flavor sector sensitive to NP: interference effects in
known processes, SM rare or forbidden decays

O NP effects are controlled by NP scale /A and effective couplings: measuring the
coupling © disentangle different NP patterns

O With 5 to 10 x 10'° bb, cc, Tt pairs (50-100 ab'!):
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The SuperB project

LER
arc
O asymmetric e'e” machine ! —
arc
O  CM energies:
mainly Y(4S) mass
HER E :
also runs at W(3770), and scan " RF L 6.7 él:ég}’
between Y(1S) and Y(6S) ' / —
O Design luminosity: 10°¢ cm™2s! @ 4S | |Polarization
: 80% for e
O ' : "
Project status LER Energy: |
approved in December 2010 k L 4.2 GeV
Site chosen in May 2011: Tor Vergata g »
Campus close to Rome F
First data in mid-2016 -
-1 ; arc
75 ab! @ Y(4S) in 5 years en
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The SuperB detector!?!

s NAR

HORAE COlULAR

AVBEIIILY :‘

magnetic field :

IFR
(/K Id)

NG Y
L
3 pm

SUSRROON T OTTN

et B A

 BAx rrl IA:IM STER

il i ,' 7 /,/ 7 72 /z/,r,»

i
"/'/‘}

(RSN

T
\"\\'\\ \\‘Q‘Qq

S
== | |

LVRIFR 3627

1.5 Tesla

baseline
concept

design
options

elisa manoni - infn pg




The SuperB physics opportunity (other than HQ)"!
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Interplay with other experiments

High luminosity @ Y(4S), asymmetric beams, good vertex resolution:
O Belle Il : 2/3 lumi, starting earlier

LHCDb : high statistics, dirty environment, some final states hardly or not accessible

Energy scan:
O BESIII: upto 4 GeV

Panda : more suitable for narrow states, lower statistics, no bottomonium spettroscopy

Beam polarization (exploited in T physics): feature of SuperB only

Experiment; [N Moderately precise
Theory: Moderately clean

Observable /mode Current LHCb (2017) SuperB (2022) LHCb upgrade Theory
Some examples: Luminosity ~1fb~" B 75ab~" 50b~!
7 Decays
T — Wy
i - ==
By.q Decays
B — v, uv
B — K®Wtyp
B Decays
By — pp
Bs from By — Jhp ¢
By — vy

elisa manoni - infn pg Qg




Heavy Quarkonium @ SuperB
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Exotic charmonium: state of the art

States below threshold

well in agreement with
theory

Unexpected narrow states
above DD threshold not
predicted by theory

A few examples of
SuperB reaches for

X (3872)
1Y family
charged Z family
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Exotic charmonium: X(3872) states

O  X(3872), where it all began:
first observed in B— (J/ymm)K by Belle and confirmed by BaBar et al.

State m (MeV) T (MeV) JFPC Process (mode) Experiment (#0) Year Status
X(3872) 3871.52+0.20 1.3+0.6 17/2™%Y B K(x n~ J/¥) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK
(<2.2) pp— (ma=JfY) + ... CDF [88-90] (np), D@ [91] (5.2
B — K(wlJ/¥) Belle [92] (4.3), BABAR [93] (4.0
B — K(D*°Dv) Belle [94, 95] (6.4), me [96] (4. 9
B — K(vJ/¥) Belle [92] (4.0), BABAR [97, 98] (3.6)
4] B - K(v(25)) RABAR [08] (3.5), Belle [99] (0.4)

tetraquark! D°D° molecule?

O  SuperB with 50 ab’l:
3-11 K of fully reconstructed B— X(3872)K events

detailed study on decay dynamics and line-shape to give possible evidence of non
qg-composition
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Exotic charmonium: 1Y family

O  Found @ B factories in Initial State Radiation events (JF¢ = 1)
Y(4260) —]/pmr ; Y(4320), Y(4660) —=(2S)mx
- known and understood J*© = 1~ charmonium states already in the game
- B(Y(4260) —=DD)/B(Y(4260) —]/ymr )<1 @90%CL
- I'(J/ymx)/T(P2S)mm) small for Y(4320), Y(4660) and large for Y(4260)

hybrids! tetraquarks! hadrocharmonium?

O  SuperB with 50 ab'l:
30K events for Y(4260)—]/ymm and 3K events for Y(4320), Y(4660) —(2S)mtrm
detailed studies of line-shape, partial width ratio, 7 invariant mass spectra

possible inclusion of other exclusive decays to charmonium: ]/ 1/7%, Y(2S) n/
ﬂ:o’ XC]TUC, Y]/lpa YIP(ZS)
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Exotic charmonium: Z* states

O  The most debated states: seen by Belle, not confirmed by BaBar

State m (MeV) T (MeV) JF€ Process (mode) Experiment (#0) Year Status
Zy(4050)t 405172 82*il ? B K(ttxa(lP)) Belle [105] (5.0) 2008 NC!
Z5(4250)t  4248t'% 177 ?  B- K(r'xa(lP)) Belle [103] (5.0) 2008 NC!
Z(4430)*  4q43%73  107H7 ? B — K(m"y(25)) Belle [115, 116] (6.4) 2007 NC!
4]

tetraquark! Z(4430): molecule? threshold effects?

neutral partners exist!

O  SuperB with 50 ab:

100 K - 1.5 M events for B—= J/ypaK, Y(2S)rK, x  mK

unanbigusly establish Z* existence and study properties
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Exotic charmonium: outlooks

O  An example: exotic charmonia from B decays

O similar tables for ISR, J/y, yy and recoil analysis

S: seen

M/F: missing fit
O ]USt look at colors! N/S: not seen
N: not searched

N/A: not applicable

Bdecays  H/wmn |l/wor [y [[/wol/wm  |w@5)mn Jw@5) [w(25) |y |PP iz AcAc |[DD |DD* [D*D*|Ds(*)Ds(*) [¥
X(3872)
N/A NA  N/A N/A N/A N/A - N/A
XY (3940) NA N/A N/A N/A N/A N/A N/A
7(3940) NA N/A N/A N/A N/A N/A N/A
Y (4140) N/A N/A N/A N/A
X(4160) N/A N/A N/A N/A
Y (4260) NA - NA N/A NA NA N/A N/A
X(4350) N/A N/A N/A
Y (4350) NA  NA N/A NA  NA N/A N/A
Y(4660) N/A  N/A N/A N/A  N/A N/A

n.b. : not updated to the latest measurements
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Bottomonium: regular states

incomplete knowledge of below-
threshold states

N.(25,3S) and 3 D-states not
observed yet

N.,(1S) discovered but poorly known

need higher statistics from Super
Flavor Factories to
complete the spectrum

make a detailed study of already
establish states (exclusive decay
modes, partial widths,...)

precisely measure hyperfine
splitting

elisa manoni - infn pg

(2S¢1)L

35 3p 3p D 30 30 30 In ?
P, P, P, P1 D, D, D, D, ?,
MM NS S S S S B ML

Open flavour threshold

LT o L
2P
o '/m(2P),m(2p,hb(2P) i |
\Ds Y D2 Ym n,(1D)

.- - ]
. (1P)
e ’n"‘p),wmmhb('p)

i established
theory (pot.models) |

l I . |, |

J 1SO 381
—~11000—1 7
2 Y(5S)
> -
w -
§10800

(4S
210600~ 'u
©
=
10400~
1,(35) Y(38)
10200
10000?425)\'(25) .
9800 —
9600
9400 = v(18)
1‘0(15)
9200 -
0" 1

l ! ! |
2" 10 1 37 27 17 27 27U




Bottomonium: exotics states from above-Y(4S) scan

‘ ZQ;E T B’*’F" T BEI' ’ T T T _IE
O  Exclusive scan performed by BaBar: P eE P B (5]
PE E
no effects shown E E
=it -
F
O  Exclusive analysis performed by Belle U E
evidence for Z,* (10610) and Z,*(10650) 24: N T Pl SN
in Y(SS) -7 ' — Y(IS 2S 3S)g-|;+g-|; U T U A U R U K VW VW R VR
b s \s [GeV]
h, (1P,2P) '
80 T T T T T T T T T T T T T T T T T T T T
O @ SuperB : N :
S 6o .
= o0 ]
larger statistics to perform inclusive = ’
analysis 2 “F E
> C
Y(5S) nature is not yet understood and < 200 .
require more data i it L Tl ]
04 10. X ! 106 10.65 10.7 10.75
M(Y(28)T),_ ., (GeV)
@ combinatoric background 3

O combinatoric + non resonant bkg + signal
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Light Higes searches: overview

Next-to-MSSM: light CP-odd Higgs (A% 7] — mass is not constrained by LEP (m,,<2m,)

not accessible to LHC experiments (high p, cut at trigger level)

A® = mixing of a singlet with MSSM-like Higgs = A-MSSM cos 8 , + A-singlet sin 6 ,

0 - 0 M(A")<2M(1)
AP detectable in Y(2S,3S)—A% IIMANT.S GeV
7.5 GeV<M(A")<8.8 GeV
Dominant decay mode 8.8 GeV<M(A%)<9.2 GeV
AY—1mvisible
1073 AN RARAS AR RRAF
depend on A° mass : : o
A° — invisible, ~ 1074 | _
< g :
uu, Tt, hadrons 3 r g
Z 1075 =
& ] 3
o :
BaBar measurements on : i
1076 3 ™
Y(2S,3S) — A%yL8l; 3 -
1077
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Light Higes searches: SuperB sensitivity

O Assuming M,, > 2M_, search for a monochromatic photon in
- Y(2S,3S) — Y(1S)mm, Y(1S) — Tty
4.5% BF, low background contamination
AR (B AS) E
higher BF, larger background from ee— Tty

O  SuperB : 50 discovery with 1 ab™!

5 ¢ Discovery limit on X in Y->ytt
F T T T 71
X E ]
7qd C | — YBS) > YIS >rmyrt / 1
Y3S)>yr't
o
BABAR Qe 40.1
s BABA_R_ ' mixing contr. St _— 1
direct transition ST / ]
4 <} — .
D
/ o 40,01
2 : 8 : -
2 i 0
o
11 [9] =< E 50.001
: f 3]
10 m4 1
| L | L | L | L | L | L |
4 5 6 7 3 9 10 Sl
; L M, (GeV)
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Conclusions

O  SuperB will be one of the next generation Super Flavor Factory
first data on 2016, 75 ab™! @ Y(4S) in 5 years

precision measurements and indirect searches for NP in the flavor sector
complementary to LHC

O  What SuperB will say on Heavy Quarkonia with high statistics and energy
scans:

investigate exotic charmonium state properties

complete observation of regular bottomomium states and investigate higher
mass states using data from energy scan data

search for light Higgs in Y decays

+ items not discussed in this talk, i.e. Y decays in invisible final states, lepton
universality in Y decays,...

O  Study on SuperB reaches with simulation under way
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[atest news!

- INTERACTIONS.ORG €N

/1" PARTICLE PHYSICS NEWS AND RESOURCES A COMMUNICATION RESOURCE FROM THE WORLD'S PARTICLE PHYSICS LABORATORIES

HOME NEWS  IMAGEBANK  VIDEO CHANNEL SEARCH | E (*)SITE ()NEWS

Interactions NewsWire #50-11 0> = ;
7 October 2011 hify nteractior

Source: INFN
Content: Press Release
Date Issued: 7 October 2011

ok o ok R

Dedicated to Nicola Cabibbo the international laboratory for SuperB

Signed today the official startup of the Laboratory Nicola Cabibbo. The international centre for physics, promoted by INFN and
University of Rome Tor Vergata, will lead - within six years - to the construction of SuperB accelerator on the campus of Rome Tor
Vergata.

The birth of the Laboratory Nicola Cabibbo was signed today. The new international centre for fundamental and applied physics has
been promoted by the National Institute for Nuclear Physics and the University of Rome Tor Vergata that made official today the
establishment of a consortium for the realization of the SuperB. The SuperB project is one of the most significant of the 14 flagship

Itis then the starting event for the SuperB project, which aims to complete within 6 years the construction of the accelerator and will
become a large infrastructure for basic and applied research and for the development of technological innovations.

http://www.interactions.org/cms/?pid=1031120
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Unconventional bb and cc states

State m (MeV) T (MeV) JPF Process (made) Experiment (#a) Year Statis
¢ X (3872) 71524020 13406 1712 B K(x'n J/y) Belle |85, 85] (12.8), BABAR 7] (8.6) 2003 OK
g (<2.2) pp— (wte—Jf) + . CDF [88-90] (np), D@ [91] (5.2)

%‘ B s K (wd /1) Belle [92] (4.3), BABAR 93] (4.0)

o5 B — K(D="[o) Belle [94, 95] (6.4), BABaAR [95] (4.9)

& B - K(vJ/¥) Belle [92] (4.0), BABAR [97, 98] (3.6)

ot B — K [v¢(25)) BABAR [95] (3.5), Belle [99] (0.4)

;% g X(3015) 30156+31 2810 0/2"F B K(wd/u) Belle [100] (8.1), BABAR [101] (19) 2004 OK

CS Q ete” s ete (wl/v) Belle [102] (7.7)

= X(3%40) 304243 37477 M+ gte— = Jf{DD") Belle [103] (6.0) 207 NC!

(j g ete = i () Belle [54] (5.0)

g :_“ G(3900) M3+ 21 52411 177 ete” s 4(DD) BABAR [27] (np), Belle [21] (np) 2007 OK

>° O ¥ (4008) 40084120 226407 177 ete” aq(xtaJie) Belle [104] (7.4) W07 NC!

o : Zy(d0sD)t 40513 82i:1 ? B - K(x'xa(1P)) Belle [105] (5.0) 2008 NO!

= ._E Y(4140) 41434230 15%% 774 B - K(aJ/4) CDF [106, 107] (5.0) 009 NC!

% g X (4160) 415613 13047 M et o DD Belle [103] (5.5) 07 N

T M Z(4250) A8 177 HE ? B - K(vtxa(1P) Belle [105] (5.0) M08 NC!

M2 y(4260)  4%68+5  108+14 1 ete —q(ntaJfd) BaRAR [108, 100] (8.0) 005 OK

M 5 CLEO [110] (5.4)

£ g Belle [104] (15)

= § ete™ = (wta—Ji) CLEO [111] (11)

& i ete™ = (2727 J /) CLEO [111] (5.1)

K = Y(4274) 42744753 323 7" B K(aJ/d) CDF [107] (3.1) 20 NCO!

‘2. = X (43s0) 43506539 133184 patt  tem s ete (@)W Bell= [112] (3.2) 2000 NC!

% T% Y (4360) 4353+ 11 05442 17" ete” s y(xtx¢(25)) BaBar [113] (np), Belle [114] (8.0) 2007 OK

§ [ Z(4430)1 4443433 107 ? B — K(=*y(28)) 3elle [115, 116] (6.4) H07 NC!

@ O X(4630) 46341 % 92+3! 177 ete” s 4(AYAD) Belle [25] (8.2) W07 NO

Z < Y(4660) 4664+12 48415 177 ete” s qylata@(28) Belle [114] (5.8) 207 NO!
Vi (10888) 108884430 307'3% 1 etem = (vt T(nS)) Belle [37, 117] (3.2) 2010 NO
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Charmonium and Bottomonium transitions

w(45) or hybrid ] ! :
y(2D) -~V . X ___2MO_ _ _ _ ]
¥(39) 1050 | yE20)

40 Xal2P) %o(2P) 5] i

T | — 7W%D’ | 1025 | 25 S
S Lo gEg==PE - Mp)_ __ oy ]G ye10) ]
[} 4 = ]
O > k

9 35 a8 g 00 (1P|
© Xeo(1P) 9 ]
= © ]
) S 975 .
Charmonium Bottomonium
family o0 L family ]
3.0 — i
I JI.I n; | (l> ]1 | q . } ' 1 (0.§.2)** (1,2,3)" ]

E. Eichten, S. Godfrey, H. Mahlke, J. L. Rosner, Rev. Mod. Phys. 80, (2008) 1161-1193.
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