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SuperB: a II generation e+e- B factory

Units HER LER
Release
Circumference
Frequency turn
# bunch
Frequency collision
Full crossing angle
Energy
Energy ratio
βx 
βy
coupling
εx 
εy
Bunch length
Current
# particles
σx 
σy 
Piwinsky angle
Horizontal tune shift
Vertical tune shift
Luminosity

LNF 22-Jul-09LNF 22-Jul-09
m 13151315

Hz 2.28E+052.28E+05
10111011

Hz 2.31E+082.31E+08
Rad 0.0600.060
GeV 6.7 4.18

1.601.60
cm 2 3.2
cm 0.032 0.02

0.0025 0.0025
nm 1.6 2.56
pm 0.004 0.0064
cm 0.5 0.5

A 2.12 2.12
5.74E+10 5.74E+10

micron 5.66 9.05
micron 0.036 0.036

26.52 16.58
% 0.17 0.45
% 11.70 11.70

Hz/cm^2 1.02E+361.02E+36

Laboratori Nazionali di Frascati (Roma)

L ≡ fcoll
N+ N−

2π Σx Σy
= 1036 cm−2 s−1 = 1 kHz/nb
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The data samples
B Physics @ Υ(4S) :
 ~1 kHz x 1.5 107 s / year = 15 109 Υ(4S)/year 

Dedicated runs @ Υ(5S) for Bs Physics (possibles)

D Physics: 

ccbar  continuum @ 10.58 GeV (1kHz)

Short (2 months) dedicated run @ ψ(3770)  (Cleo-C sample x 500 + boost)

tau Physics:

Polarization of the e- beam for tau CP studies
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How can SuperB pin down the 4th 
family parameters? 

Scenario:

There is an SM fermionic 4th family: 
4x4 CKM matrix, heavy 4th neutrino

The Players:

SuperB (5 years of data taking starting around 2015 ) + 
Super KEKB

BaBar + Belle (datasets fully exploited)

CDF + D0 (collecting data till at least 2011...)

 CMS,Atlas, LHCb (collecting data from now on)
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2.1 B Physics at the Υ (4S) 43

Table 2-1. The expected precision of some of the most important measurements
that can be performed at SuperB. For comparison, we put the reach of the B Factories
at 2 ab−1. Numbers quoted as percentages are relative precisions. Measurements
marked (†) will be systematics limited; those marked (∗) will be theoretically limited,
with 75 ab−1. Note that in many of these cases, there exist data driven methods of
reducing the errors. See the text for further discussion of each measurement.

Observable B Factories (2 ab−1) SuperB (75 ab−1)

sin(2β) (J/ψ K0) 0.018 0.005 (†)
cos(2β) (J/ψ K∗0) 0.30 0.05

sin(2β) (Dh0) 0.10 0.02

cos(2β) (Dh0) 0.20 0.04

S(J/ψ π0) 0.10 0.02

S(D+D−) 0.20 0.03

S(φK0) 0.13 0.02 (∗)
S(η′K0) 0.05 0.01 (∗)
S(K0

SK0
SK0

S) 0.15 0.02 (∗)
S(K0

Sπ0) 0.15 0.02 (∗)
S(ωK0

S) 0.17 0.03 (∗)
S(f0K0

S) 0.12 0.02 (∗)

γ (B → DK, D → CP eigenstates) ∼ 15◦ 2.5◦

γ (B → DK, D → suppressed states) ∼ 12◦ 2.0◦

γ (B → DK, D → multibody states) ∼ 9◦ 1.5◦

γ (B → DK, combined) ∼ 6◦ 1–2◦

α (B → ππ) ∼ 16◦ 3◦

α (B → ρρ) ∼ 7◦ 1–2◦ (∗)
α (B → ρπ) ∼ 12◦ 2◦

α (combined) ∼ 6◦ 1–2◦ (∗)

2β + γ (D(∗)±π∓, D±K0
Sπ∓) 20◦ 5◦

SuperB Conceptual Design Report

CP violating 
measurements:
SM framework

to be recast 
in SM4

[0709.0451] SuperB: 
A High-Luminosity Asymmetric e+ e- 

Super Flavor Factory. 
Conceptual Design Report
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44 The Physics

Table 2-2. The expected precision of some of the most important measurements
that can be performed at SuperB. For comparison we put the reach of the
B Factories at 2 ab−1. Numbers quoted as percentages are relative precisions.
Measurements marked (†) will be systematics limited, and those marked (∗) will be
theoretically limited, with 75 ab−1. Note that in many of these cases, there exist data
driven methods of reducing the errors. See the text for further discussion of each
measurement.

Observable B Factories (2 ab−1) SuperB (75 ab−1)

|Vcb| (exclusive) 4% (∗) 1.0% (∗)
|Vcb| (inclusive) 1% (∗) 0.5% (∗)
|Vub| (exclusive) 8% (∗) 3.0% (∗)
|Vub| (inclusive) 8% (∗) 2.0% (∗)

B(B → τν) 20% 4% (†)
B(B → µν) visible 5%

B(B → Dτν) 10% 2%

B(B → ργ) 15% 3% (†)
B(B → ωγ) 30% 5%

ACP (B → K∗γ) 0.007 (†) 0.004 († ∗)
ACP (B → ργ) ∼ 0.20 0.05

ACP (b → sγ) 0.012 (†) 0.004 (†)
ACP (b → (s + d)γ) 0.03 0.006 (†)
S(K0

Sπ0γ) 0.15 0.02 (∗)
S(ρ0γ) possible 0.10

ACP (B → K∗'') 7% 1%

AFB(B → K∗'')s0 25% 9%

AFB(B → Xs'')s0 35% 5%

B(B → Kνν) visible 20%

B(B → πνν̄) – possible
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Unitary triangle in 2020 assuming a lot of 
work on the experimental & theoretical side
“It is tough to make predictions, especially about the future” 

!e Dream !e Nightmare
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Tau Physics: LFV
SuperB Sensitivity

(75ab-1)
BR

e− beam polarization 
⇒ Lower Background

LHC(b) 

SuperB
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Charm Physics

10

D decay form factor and decay constant    @ 1% 
Dalitz structure useful for γ measurement

ξ~1%, 
exclusive Vub ~ few %  
syst. error on γ from Dalitz Model <1o

Strong dynamics and CKM measurements @threshold(4GeV)

Rare decays    FCNC down to 10-8

@
th

re
sh

ol
d(

4G
eV

)

D mixing 

CP Violation in mixing could now addressed

Better studied using
the high statistics 
collected at Υ(4S)

Running at charm threshold
(SuperB specific)

94 The Physics

Table 2-16. Expected 90% confidence level upper limits that may be obtained on
various important rare D decays, from 1 month of SuperB running at the ψ(3770).

Channel Sensitivity

D0 → e+e−, D0 → µ+µ− 1× 10−8

D0 → π0e+e−, D0 → π0µ+µ− 2× 10−8

D0 → ηe+e−, D0 → ηµ+µ− 3× 10−8

D0 → K0
Se+e−, D0 → K0

Sµ+µ− 3× 10−8

D+ → π+e+e−, D+ → π+µ+µ− 1× 10−8

D0 → e±µ∓ 1× 10−8

D+ → π+e±µ∓ 1× 10−8

D0 → π0e±µ∓ 2× 10−8

D0 → ηe±µ∓ 3× 10−8

D0 → K0
Se±µ∓ 3× 10−8

D+ → π−e+e+, D+ → K−e+e+ 1× 10−8

D+ → π−µ+µ+, D+ → K−µ+µ+ 1× 10−8

D+ → π−e±µ∓, D+ → K−e±µ∓ 1× 10−8

unique among up-type quarks in the sense that only they allow to probe the full range
of phenomena induced by flavour changing neutral currents, including CP asymmetries
involving oscillations.

There is little Standard Model background to New Physics signals in charm CP asym-
metries, and what there is will probably be under good control by the time SuperB
starts operating. Baryogenesis – necessary to explain the observed matter-antimatter
asymmetry in our Universe – requires a new source of CP violation beyond that of the
Standard Model. Such new sources can be probed in charm decays on three different
Cabibbo levels, differing in rates by close to three orders of magnitude. With the
Standard Model providing one amplitude, observable CP asymmetries can be linear in
a New Physics amplitude, thus greatly enhancing their sensitivity. Finally, as stated
repeatedly, the goal has to be to identify salient features of the anticipated New Physics
beyond “merely” ascertaining its existence. This will require probing channels with
one or even two neutral mesons in the final state – something that is possible only
in an e+e− production environment. CLEOc and BESIII are unlikely to find CP

SuperB Conceptual Design Report

2.4 Charm Physics 91

Table 2-15. Summary of the expected precision on charm mixing parameters. For
comparison we put the reach of the B Factories at 2 ab−1. The estimates for SuperB
assume that systematic uncertainties can be kept under control.

Mode Observable B Factories (2 ab−1) SuperB (75 ab−1)

D0 → K+K− yCP 2–3× 10−3 5× 10−4

D0 → K+π− y′D 2–3× 10−3 7× 10−4

x′2
D 1–2× 10−4 3× 10−5

D0 → K0
Sπ+π− yD 2–3× 10−3 5× 10−4

xD 2–3× 10−3 5× 10−4

Average yD 1–2× 10−3 3× 10−4

xD 2–3× 10−3 5× 10−4

CP Violation With and Without Oscillations

Several factors favor dedicated searches for CP violation in charm transitions:

• Within the Standard Model, the effective weak phase is highly diluted, namely ∼
O(λ4), and can arise only in singly-Cabibbo-suppressed transitions, where one expects
asymmetries to reach the O(0.1%) level; significantly larger values would signal New
Physics. Any asymmetry in Cabibbo-allowed or -doubly suppressed channels requires
the intervention of New Physics – except for D± → K0

Sπ± [352] where the CP impurity
in K0

S induces an asymmetry of 3.3 × 10−3. One should keep in mind that in going
from Cabibbo-allowed to Cabibbo-singly and -doubly suppressed channels, the Standard
Model rate is suppressed by factors of about twenty and four hundred, respectively. One
would expect that this suppression will enhance the visibility of New Physics.

• Strong phase shifts required for direct CP violation to emerge are, in general, large,
as are the branching ratios into relevant modes. Although large final state interac-
tions complicate the interpretation of an observed signal in terms of the microscopic
parameters of the underlying dynamics, they enhance its observability.

• With the Standard Model providing one amplitude, observable CP asymmetries can
be linear in New Physics amplitudes – unlike the case for rare decays – thus increasing
the sensitivity.

• Decays to multibody final states contain more dynamical information than given by
their widths; their decay distributions as described by Dalitz plots or T -odd moments
can exhibit CP asymmetries that might be considerably larger than those for the width.
Final state interactions, while not necessary for the emergence of such effects, can

SuperB Conceptual Design Report

Saturday, January 16, 2010



Charm Physics
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Consider that running 2 month at threshold 
we will collect 500 times the stat. of CLEO-C
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various important rare D decays, from 1 month of SuperB running at the ψ(3770).
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unique among up-type quarks in the sense that only they allow to probe the full range
of phenomena induced by flavour changing neutral currents, including CP asymmetries
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Table 2-15. Summary of the expected precision on charm mixing parameters. For
comparison we put the reach of the B Factories at 2 ab−1. The estimates for SuperB
assume that systematic uncertainties can be kept under control.

Mode Observable B Factories (2 ab−1) SuperB (75 ab−1)

D0 → K+K− yCP 2–3× 10−3 5× 10−4

D0 → K+π− y′D 2–3× 10−3 7× 10−4

x′2
D 1–2× 10−4 3× 10−5

D0 → K0
Sπ+π− yD 2–3× 10−3 5× 10−4

xD 2–3× 10−3 5× 10−4

Average yD 1–2× 10−3 3× 10−4
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CP Violation With and Without Oscillations

Several factors favor dedicated searches for CP violation in charm transitions:

• Within the Standard Model, the effective weak phase is highly diluted, namely ∼
O(λ4), and can arise only in singly-Cabibbo-suppressed transitions, where one expects
asymmetries to reach the O(0.1%) level; significantly larger values would signal New
Physics. Any asymmetry in Cabibbo-allowed or -doubly suppressed channels requires
the intervention of New Physics – except for D± → K0

Sπ± [352] where the CP impurity
in K0

S induces an asymmetry of 3.3 × 10−3. One should keep in mind that in going
from Cabibbo-allowed to Cabibbo-singly and -doubly suppressed channels, the Standard
Model rate is suppressed by factors of about twenty and four hundred, respectively. One
would expect that this suppression will enhance the visibility of New Physics.

• Strong phase shifts required for direct CP violation to emerge are, in general, large,
as are the branching ratios into relevant modes. Although large final state interac-
tions complicate the interpretation of an observed signal in terms of the microscopic
parameters of the underlying dynamics, they enhance its observability.

• With the Standard Model providing one amplitude, observable CP asymmetries can
be linear in New Physics amplitudes – unlike the case for rare decays – thus increasing
the sensitivity.

• Decays to multibody final states contain more dynamical information than given by
their widths; their decay distributions as described by Dalitz plots or T -odd moments
can exhibit CP asymmetries that might be considerably larger than those for the width.
Final state interactions, while not necessary for the emergence of such effects, can
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Conclusions and Questions

The 4th family  have many way to play in SuperB

CP violation

FCNC in B and D mesons and in tau 

If it shows up early in hadron machines, then
much of fun measuring all the consequences

Are there golden modes? 

What campaign of measurements are useful to measure the 2 extra 
phases? What is the needed precision?
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