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SuperB Is a Super Flavor Factory

High statistics production of
bb,bb ,z 7" pairs.

Follow the high intensity route
to New Physics , look at signals
through high precision
measurements in Flavor/
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Toward New Physics :

A_e’
. o B° Tor
W 1.Explore the origin of CP violation
MIE -
. — Key element for understanding the matter content of our present univer-c _
e P4

— Established in the B meson in 2001

— Direct CPV established in B mesons in 2004

2.Precisely measure parameters of the standard model B .‘%f

— For example the elements of the CKM quark mixing matrix

— Disentangle the complicated interplay between weak processes and
strong interaction effects #

3.Search for the effects of physics beyond the standard model in il :
loop diagrams \q<s

=
— Potentially large effects on rates of rare decays, time dependent d d
asymmetries, lepton flavour violation, ...

— Sensitive even to large New Physics scale, as well as to phases and size of r ,
NP coupling constants —
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Physics programme in a nutshell

* Versatile flavour physics experiment

— Probe new physics observables in wide range of decays.

e Pattern of deviation from Standard Model can be used to identify
structure of new physics.

* Clean experimental environment means clean signals in many
modes.

* Polarized e~ beam benefit for T LFV searches.

— Best capability for precision CKM constraints of any
existing/proposed experiment.
* Measure angles and sides of the Unitarity triangle

* Measure other CKM matrix elements at threshold and using t
data.
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B, 4 Physics: Rare Processes and

Precision Measurements

* Goal: Reveal presence of New Physics (NP) using
two-pronged attack:
— Search for Rare Processes: NP contributions can be as
large as Standard Model ones
* Large sensitivity to NP
 Ability to distinguish among NP models
— Make Precision Measurements of many quantities:
over constrain the Standard Model predictions

* NP will often lead to discrepancies in global analyses of

measured processes
7N\ . . .
o swerB  will build on experience of current B-

factories.
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CKM constraints

7°N\

WerB measures the sides and
angles of the Unitarity
Triangle (UT)

* Many measurements
constrain the sides and
angles of the UT: the SM

predicts that all . SuperB: The "dream" scenario with 75ab!
measurements “intersect” =06
at apex of the triangle 05 am,
* When NP is present, the .
measurements do not yield 0.4¢ e
a unigue apex, but you need 0k e N
the high precision of a gl
Super Flavour Factory. 0.2F :
: l vub
o1 { v,
of |
- BR(B—tv) | UT;
0 l |
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B, 4 Physics: Rare Decays

° Example: B:I: _ ’T:I:I/ b SM particle |
— Rate modified by presence of H* (H W)
ZSM+NP _____________
r, =M=
D

M, (TeV)
N

S 2HDMHL (i n?p
= | M 75ab" "
H 23p-1

.. " H LEP m,>79.3 Gev

- ==: ATLAS 30fb™"

- Low tanp
- excluded by
b->sy

20 30 40 S0 80 70 a0

10
tang tang
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Charm@ #8}: goals

p
» Run at Y{4S): £=10° em™?sec™!; [Ldt=T75ab™" at the T(4S)
By=0.238
v’ Large improvement in D° mixing and CPV: factor 12 improvement in statistical
error wrt BaBar (0.5 ab™);
v time-dependent measurements will benefit also of an improved (2x) D° proper-

time resolution. [*1KHz of ¢ ¢ ]
\_

>
Unique feature of SuperB

» Run at w(3770): L=10" am™sec™; [Ldt=500f7"  at the U(3770)

By up to 0.9

v DD coherent production with 100x BESIII data and CM boost up to By=0.9;
v almost zero background environment;
v’ possibility of time-dependent measurements exploiting quantum coherence.




Sensitivity projections with 75 ab-tat Y(4S)
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Charm at DD threshold

* Almost zero background analyses: search for rare/forbidden decays, precise
measurement of relative DDV strong phases, search for CPV in wrong sign
(WS) semileptonic (SL) D° decay modes.

* Unique possibilities of time-dependent measurements at DD threshold
currently under study:

— coherent production allows time-dependent measurements also withCP-
tagged events;

— CP, T, CPT conservation tests similar to those in K%-K° and B9-BP systems;
— measure of the unitarity triangle in the Charm sector.

CP-odd

|D0)|DO) . |DO)|D0) Vud*vcd Vub*Vcb

CP-even V. _*V

us Cs
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Time dependent measurements at the
Y(3770) (same as for Y(4s))

*

W(3770) It n
By up to 0.9 Az TN\ ot

1. Reconstruct the decay vertex of
the two D mesons

2. Compute the proper time difference At

G(AZ) - minimum boost needed to achieve

O-(At) x Bc the required At resolution

Aug 5-7, 2002 D.MacFarlane at SSI 2002
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Experimental considerations of running at

DD threshold with boost

* Pro:

— Very clean environment, backgroud extremely low;
— Quantum coherence: mixing and CP, T, CPT analyses;

— Access to DO-D° relative phases and possibilities of time-

dependent Dalitz plot analyses with a model independent
approach;

— Systematic errors reduction due to background and Dalitz model
uncertainties;

e Cons:

— Time-dependent measurement require larger CM boost
compared to the B°-B° case to achieve adequate time resolution;

— reconstruction efficiency decreases with large CM boost. Need
to optimize the boost value.
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« Two improvements in mixing precision come from threshold data:
CAVEAT: NO TIME-DEPENDENT STUDIES INCLUDED YET

aDalitz plot model

uncertainty shrinks
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Measurements with Polarization

5/30/2011 Marcello A.Giorgi 14



Precision Electroweak

* sin%@,, can be measured with polarised e"

=T L alC R Measure LR asymmetry in
- | —— current
| | — future
0.245_— — S M
ete” — cc
024 + - + ., —
- ee — [ [
L 0.235—— fAPV e—l_e_ — T—l_T_
[ at the Y(4S) to same precision
- as LEP/SLC at the Z-pole.
23—
i 1 Can also perform crosscheck at
O T ™ o~ Y(3770).
Q [GeV]
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Is this measurement also possible with

Charm?

1. @ Y(4S). But hadronization correction.

2. Operate at a ccbar vector resonance above open charm

threshold W(3770), use the same analysis method as for
b.

Polarization at low energies with high luminosity is needed

That is included in the SuperB design
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Polarization: a tool to handle and reduce

Background

| Helicity Angle distribution |
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g extrapolation

(usif\g BaBar analysis)

BaBar expects 5.1 events in the 26 signal region

1.7 from lepton tags
1.4 from 3 hadron tags
2.0 from m+p tags

96% comes from real T decays (86% from pvvy)

Bkg extrapolated to SuperB gives
300 events in the signal box.

It can be reduced thanks to:
Improved resolutions

Improved EMC coverage

~250 events expected

Need to reduce backgrounds to an acceptable level to scale
etter than VL

5/30/2011 M.A.Giorgi 18

Background from
taus 1s considered
Irreducible




Polarized beam and tag on leptonsand on hadrons
(t— p n/t—r n) reducesirreducible background!

Tag Hellcity angle

/5 ab1

1

* &
o |&) gt
! E 2 7

Applying a rectangular cut
eff. on signal ~40-45%
bkg retained ~ 10-15%

Sengitivity improves at
least by afactor 2.
Equivalent to afactor 4
increase in luminosity.

Tag Helicity angl
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%:::: T E(T—}E}’}E:-: 10—-19 . Bt ﬂey}ixlﬂ—g
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Sor2b- Polarisation is

0.01

-an important issue for LFV
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters

0.0:08

0.004

0.002

T8 08 od 92 0 0z 04 0§ 08 1 — —
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........................................................................................

B physics @Y (49 . Variety of measurementsfor any observable|
Observable B Factories (2 ab™") SuperB (75 ab™")  Observable B Factories (2 ab™') SuperB (75 ak
sin(28) (J/« K°) 0.018 0.005 () | |
cos(28) (J/4 K™ 0.30 0.05 =) 20% 4% (1)
sin(28) (DhY) 0.10 0.02 B(B — pv) visible 5%
cos(28) (DhY) 0.20 0.04 B(B — Drv) 10% 2%
S(J /4 70) 0.10 0.02
S(DtD) 0.20 0.03 B(B — py) 15% 3% (1)
o (B — 7) ~ 16° 3° B(B — w) 30% 5%
@ (E = ) ”1720 1_220(*) " Acp(B — K*) 0.007 (1) 0.004 (t #)
‘ Z Ecor:biizz‘l) - 6° 1-2° () ‘ Acr(B = ) ~ 0 005
. - - Acp(b — s7) 0.012 (1) 0.004 (1)
v (B — DK, D — CP eigenstates) ~ . Acp(b . (S n d)’}’) 0.03 0.006 (‘I’)
‘ ~ (B — DK, D — suppressed states) ~ 12° 2.0° 00 5
"7 (B DK, D — multibody states) ~ 9 1.5° | S(f;a"” ) 0'1_5 0.02 (*)
"7 (B~ DK, combined) ~6 2 | - S(p%) possible 010
IS« (DX 5T ("l\'_f-'n
— | Acp(B — K*0) % 1% |
| S(gK°) 0.13 0.02() | [AFB(B _, K*00)s, 25% %
L S KO 0.05 0.01 (x) | APE(B L X.t0)s 55% 5%
0 70 [0 S
(KK Ks) o 0.02 {x) B(B — Kuvp) visible 20%
S(Kr0) 0.15 0.02 (%) e ) -
S(wK?) 0.17 0.03 (%) 2 T : = e
SUFoKD) 012 0.02 () | Possible also at LHCb |
~ Similar precisionat LHCb |
IV,al (oxcls ' Example of «SuperB specifics»
:\.. (inchusive) % (*) 3% (o inclusive in addition t o exgusive analyses
V.. (exclusive 5! . '
% [o) y 0% (o) channelswith ™0, y’s, v, many Ks...

IV, o) G dimé e



| physics (polarized beams) Charm at Y (4S) and threshold

Process Sensitivity Mode ____Observable B Factories (2 ab™!) SuperB (75 al
B , ; 10_9 o — h- 1'1.- ,'rf. o] 2-3 = 'I- " ]TP-
(T - uﬂ]) z X D = K*x Ty 2-3 = 10 7w 107
B(r—ey) 2x107 e il el
« Ml AN iy a3 11 ) I
| Blropupw) 2x10710 2-3 x 1 5 % 10~
_ Averagi i 1-2 = 1 § = 101
B(r —eee) 2x1071° ' ) g sc A
B(r — pn) 4 x107"° D’ — Kt~ z' 3x10°
y 7x 107
Bir - e 6 x 10~1° e ’ 5x 104
(‘ 7,7) D°— KK B yop 1o be evaluated ,j . 4
B(r - {K)) 2x107"° D’ —Kirtr r i LHCh 49 % 10
5 2

lq/pl

i

B, at Y(5S)

Channel Sensitivity

- ] 3 ] (D0 e¥e— DO ptp— 1x10-8 |
Observable Error with 1 ab Error with 30 ab
0.16 pe L 0.03 e L | DY — rlete” DO — w0ty 2x10-8
. 8 . 8

= = D 5 nete, DY — qutu~ 3x107°

0.07 ps? 0.01 ps | ’
| 5. from angular analysis o = | D% — Klete, DU — Klutu~ 3x 1078
. e 4 - Dt — grete, DY — rhpty 1x 1078

s 0.006 0.004
| Ace 0,004 0.004 |

| B _— = D® - etp¥ 1x10°¢
(Bs = pp) - <8x 10 | Dt — atetu® 1x 1078
| Via/ Vil 0.08 0.017 D° = et F 2% 10~F
B(B; — vv) 8% % D — petp¥ 3x 1078
| B, from J/y 16° 6° DY o KOt 3x10°8

B, from B, — K'K° 24° 11°
— Dt — getet, DY - Ketet 1x10-#
Bs : Definitively better at LHCb DV o ptut, DY K-ptpt 1x 1078
21 Dt — nmetu® Dt — K-etpu® 1% 1078




Man ' I
upert y unique quality measurements

Experiment: [ENo Result Moderate Precision [MPrecise [ Very Precise
Theory: Moderately clean ] Clean Need lattice [ Clean
—
Observable/mode |Curre11t (now}lLHCb (QUl?ﬁSuperB (2021) hHCb upgrade '}ltheory|
T Decays\/
T — MY Benefit from polarised e~ beam
T — 8"}"
B,.D
sl very precise with improved detector
B — v, pi . - L 1
B — K™ty Statistically limited: Ang. analysis with >75ab

S in B — K%n% Right handed currents

S in other penguin modes
Acp(B — Xav)

BR(B — X.7)

BR(B — X.tf)

BR(B — K™¢p)

SuperB measures many more modes
systematic error is main challenge

control systematic error with data

SuperB measures e mode well, LHCb does pu

B: Deca

B — pp
Bs from Bs — J/v¢
Bs — v

gl

D Deca

mixing parameters

CPV Clean NP search

sin? Oy at 7(45)

Theoretically clean

y 22
. 2 on
sin” Ay at Z-pole

b fragmentation limits interpretati




Exotic hadronic spectroscopy

Hints of a new type of particles with

more than 3 quarks

Events/ 50MeV/¢
Events/ S0MeV/c

'
o
I-'-

.
| ]

7

[ —_—

«
_’

1 [=]

oy N

4 5 6 7 8
m2()/y) (GeVicd)

B-Factories
oroduced a
ot of results

out ...



Exotic hadrons @ SuperB

* Much larger statistics : :.Y(ZLS) expected tetraquarks
@Y(4S) needed E | | E

* High luminosity energy ok swrt ;;;sy**- "{g(é'g';""‘*"'*“‘—;
scan needed: e T s s
— produce resonances A

directly (E~4-4.5 GeV) .

— Exploit recent evidence
of exotic states produced
at Y(5S)

(Events/5 MeV)
8 3
| T

S
T | T

904 1045 105 1055 106 10.65 107 10.75
M(Y(2S)T) ., (GeV)




and Panda :Hadron Spectroscopy

e'e"vs pp

e*e collisions
direct formation
two-photon production
initial state radiation (ISR)
B meson decay

pp annihiliation

+ low hadronic background

+ high discovery potential

- direct formation limited to vector states

- limited mass and width resolution for
non vector states

- high hadronic background
+ high discovery potential
+ direct formation for all (non-exotic) states
+ excellent mass and width resolution
for all states
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] REQUIREMENTS FROM PHYSICS

\

Parameter

Luminosity (top-up mode)

Integrated luminosity

CM energy range

Minimum boost

e Polarization
Boost up to 0.9 in runs at

low energy under evaluation
for charm physics

5/30/2011

Requirement

1030 cm2s1 @ Y(4S)

75 abl

T threshold to
Y (5S)

By =0.237
~(4.18x6.7GeV)

>80%

M.A.Giorgi

Comment

Baseline/Flexibility with headroom at
4.10%% cm2s?

Based on a “New Snowmass Year” of
1.5 x 107 seconds
(PEP-Il & KEKB experience-based)

For Charm special runs (still
asymmetric......)

1 cm beam pipe radius. First
measured point at 1.5 cm

Enables 7 CP and T violation studies,
measurement of 7g-2 and improves
sensitivity to lepton flavor-violating
decays. Detailed simulation, needed
to ascertain a more precise
requirement, are in progress.

26



SuperB Detector (with options)
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END



SuperB Luminosity model

e N
30.00

| Peak Luminosity (10" 35)

20.00
10.00
0.00
No N NS N AN ad 12 o> o
100.00 h

80.00 Integrated Luminosity(1/ab)

60.00

40.00

20.00

0.00 -

2016 2017 2018 2019 2020 2021 2022 2023 2024
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9-2 Reach (Valencia Report 2008)

Aayis not in good agreement with SM do

[ Soe e p— = a-cos(f)? +b
|

Measuring differential cross section of tau COS( )

production would lead to measurement of the a ox /82 |F1 |2

real part of tau form factor.

SPS lalb 2 3 4 5 :. b@(2—,82)-|F1|2+4Re[F2]

Aa, x107" 3.1 32 16 1.4 48 1.1

Aa. x 107" 0909 05 04 1.4 0.3

We began considering 1-3 prong Cross Section | Normal
Asymmetry

whose experimental selection is cleaner EXPERIMENT
Need to tag the sample: 1 Re {Fy} I {Fa)}

. . . . . o, . B b B ll
Lepton tag: higher purity & higher diluition (at least 3 abar+DBelle 46 % 10-6 2.1 % 10-5
neutrinos) 2ab~!
Hadronic tag: lower purity & lower diluition (2 neutrinos) Super B/Flavor Factory

_ . , (1 yr. running) 1.7 % 1076 7.8 x 107°
Systematics come mainly from tracking -
Should be able to measure the Super B/Flavor Factory

5 yrs. ng) ; —7 K —6

real part (0.75-1.7)x10® ( }r57522.?mn2 o oA
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* Are SuperKEKB and SuperB discovery
machines in the LHC era ?

* Why is a luminosity > 103° required ?
* Why LHCDb is not enough for flavor studies ?

* Is it important running at the charm/tau
threshold ?

* How important to have polarization ?

3130/2011 M.A.Giorgi



Future Super B Factories

SuperB Super KEKB

Peak Luminosity >103%¢ 0.8 x 10%
Inte.gratefd 75 Al 50 4!
Luminosity

Site Green Field KEKB Laboratory
Collisions mid 2016 2015
Polarization 80% electron beam No
Low enerey 103> @ charm threshold No
running
Approval status Approved Approved

3230/2011
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Search for Dark Forces

Results from Pamela/Fermi:
excess of positrons of
astrophysical origin

Positron fraction

=>»Due to particles decaying

o(e") / (9(e")+ d(e)

T T T IIIIIII_

PAMELA DATA IN RED

Theory curve

into e+e- With m<2m ? 0.01; .PM:EM' SE— ST
p Energy (GeV)
=>» “Dark” gauge sector
Dark Sector
Standard Model | | yi1), A’ u(), Gp
suEsuxu - NANNNRNNN e cced: wo b
Kinetic OR
mixing ponﬁned: Np Wo, v

O(GeV) scale




SuperB Sensitivity to dark forces




