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Abstract. Heavy flavor physics, in particularB andτ physics results from theB Factories, currently
provides strong constraints on models of physics beyond theStandard Model. A new generation of
colliders, SuperB Factories, with 50 to 100 times the luminosity of existing colliders, can, in a
dialog with LHC and ILC, provide unique clarification of new physics phenomena seen at those
machines.
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INTRODUCTION

The two asymmetricB Factories, PEP-II and KEK-B, and their companion detectors,
BABAR and Belle, have produced a wealth of flavor physics results, subjecting the quark
and lepton sectors of the Standard Model to a series of stringent tests, all of which, as of
this writing, have been passed.

By measuringCP-violating asymmetries in theB meson system for the first time,
PEP-II/BABAR and KEK-B/Belle have shown that the CKM phase accounts for allCP-
violating phenomena inb → ccs andb → uud decays [1]. While theBABAR and Belle
measurements have placed stringent constraints on physics beyond the Standard Model,
there is a substantial literature demonstrating that new physics beyond the Standard
Model, be it supersymmetry, extra dimensions, or other Standard Model extensions, can
have measurable effects in the flavor sector. Measuring these effects typically requires
data samples substantially larger than the currentB Factories will provide. Some of
these measurements are accessible at the LHC [2], but the most promising approach to
this physics would be a very high luminosity asymmetricB Factory, a SuperB Factory.

PHYSICS MOTIVATION AND CAPABILITY

The currentB Factories will integrate a combined luminosity of∼2 ab−1, which will
improve the present knowledge of SM related quantities and will allow more stringent
bounds on New Physics (NP) parameters. This precision is not, however, sufficient to
measure New Physics effects. Many tens of ab−1 are required to isolate unambiguous
New Physics effects. A SuperB Factory at a luminosity of 1036 cm−2s−1 can collect 15
ab−1 in a New Snowmass Year (1.5×107), or 75 ab−1 in five years.

A data sample this large will make the unitarity triangle tests, in their various versions,
a genuine precision test of the Standard Model. However, it is likely that New Physics
effects will in fact manifest themselves in other areas, which we will discuss in the
following section [4].
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Measurements of sin2β with Penguin-Mediated Decays

A primary tool for isolating new physics is the time-dependent analysis of decay
channels that can only proceed through penguin diagrams, such as theb → sss processes
B0 → φK0 andB0 → (KK)CPK0 or the similarb → dds transitionsB0 → η ′K0, B0 →
f0K0, B0 → π0K0, B0 → ρ0K0, B0 → ωK0, andB0 → π0π0K0.

The dominant contribution to these decays is the combination of CKM elementsVtbV ∗
ts

and these amplitudes have the same phase as the charmonium channelsb → ccs, up
to a small phase shift ofVts with respect toVcb. New heavy particles contribute new
loop amplitudes, with new phases that can contribute to theCP asymmetry and theS
coefficient of the time-dependent analysis could be substantially different from sin2β .
A comparison between results from all the aboveB0 decay channels and sin2β from
charmonium is intriguing; all theseCP asymmetries are lower than that for charmonium
decays [3].

For this comparison, one has to take into account a Standard Model uncertainty due to
a penguin contribution with an up quark running in the loop [5][7][8]. Using the CKM
couplings to scale this term to the leading contribution, weobtain a correction of order
λ 2 ≃ 5%, coming from the fact that these contributions are doublyCabibbo-suppressed
in the case of the theoretically cleanest channelsB0 → φK0

S andB0 → K0
S K0

S K0
S .

TABLE 1. Measurement precision forCP asymmetries in
rare decays sensitive to New Physics.

CPV in Rare Decays e+e− Precision (%)

Measurement Goal 2/ab 15/ab 75/ab

S(B0→φK0
S ) ≃ 5% 19.6 7.1 3.2

S(B0→η ′K0
S ) ≃ 5% 7 2.5 1

S(B0→K0
S π0) 10 3.7 1.6

S(B0→K0
S π0γ) SM: ≃ 2% 13.5 4.9 2.2

ACP(b→sγ) SM: ≃ 0.5% 1.2 0.4 0.2
ACP(B→K∗γ) SM:≃ 0.5% 0.7 0.3 0.1

For the other decay channels, the uncertainty could be 10% ormore, since in that
case the doubly Cabibbo-suppressed terms also include tree-level transitions. Once these
contributions are taken into account, one can use the experimental results for theS
parameters to obtain a bound on New Physics parameters. For example, one can use
the knowledge ofb → sγ andb → sℓℓ branching ratios in SUSY models to bound the
values of NP parameters and study their effect on theb → s penguin modes.

The B Factories have explored many channels, most with poor statistics. It is clear
that we are potentially at the beginning of a very interesting era in which we can begin
to probe New Physics effects beyond the Standard Model in theflavor sector.To do this,
the statistical error has to be reduced to the level of the theoretical uncertainties. This
requires a data sample 20 and 50 times larger than present (i.e. 20 to 50 ab−1).

Other constraints on NP can be obtained studying similar channels, summarized in
Table 1. For instance, the radiative penguin decaysb → sγ provide a particularly clean
environment. DirectCP violation in these decays is expected to be< 0.5% in the Stan-
dard Model, but could be enhanced by New Physics contributions to the penguin loop.
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Only a SuperB Factory can provide the required statistics to make this measurement.
With larger samples it would be interesting to measure the directCP asymmetry inb→ d
decays, where the Standard Model prediction is -12%. New Physics couplings with op-
posite helicity can be explored by studying the photon polarization in inb → sγ transi-

tion, measuring, for example, time-dependentCP violation in B0 → K∗0(→ K)
Sπ0)γ, or

the Dalitz plot distribution of theKππ system inB0→Kππγ. Both measurements will
continue to be statistically limited even at 75 ab−1.

Rare decay branching fractions

Many rareB decay modes can potentially give access to physics beyond the Stan-
dard Model via measurements other than ofCP-violating asymmetries. Some examples
of these modes are listed in Table 2. Typically, these decaysdo not occur at tree level,
and thus the rates are strongly suppressed in the Standard Model. Substantial enhance-
ments in the rates and/or variations in angular distributions of final state particles could
result from the presence of new heavy particles in loop diagrams, resulting in clear ev-
idence of New Physics. Moreover, because the pattern of observable effects in highly
model-dependent, measurements of several rare decay modescan provide information
regarding the source of the New Physics.

TABLE 2. Measurement precision for rare decays sensitive to New Physics.

Rare Decays e+e− Precision

Measurement SM 2/ab 15/ab 75/ab
√

B(b→dγ)/B(b→sγ) 23% 8.5% 3.8%
B(B→D∗τν) 8×10−3 12.2% 4.5% 2%
B(B→sνν)(K−,0,K∗−,0) 4×10−6 ∼ 1σ > 2σ > 4σ
B(Bd→invisible) 2.5×10−6 9×10−7 4×10−7

B(Bd→µµ) 8×10−11 3.7×10−8 1.4×10−8 6×10−9

B(Bd→ττ) 1×10−8 1.2×10−3 5×10−4 2×10−4

B(τ→µγ) ∼ few×10−8 ∼ 10−8

The ratio ofb → dγ to b → sγ decays is directly related to the ratio|Vtd/Vts|. It is
interesting to measure this ratio in penguin processes as well as throughBd and Bs
mixing, since New Physics enters in different ways. The ratio of the exclusive decays
B→ ργ andB→ K∗γ can be accurately measured, but the precision of the determination
of |Vtd/Vts| is limited by theoretical uncertainties of∼ 10% in the ratio of the form
factors. A measurement of the ratio of the inclusive decays does not suffer from this
uncertainty, but is experimentally rather challenging, and requires a large data sample.
Searches forb → sνν, either inclusively or exclusively, are extremely difficult, due to
the presence of the two final state neutrinos. The required sensitivity can, however, be
obtained using the recoil method, in which the signal mode (in this case the exclusive
B→Kνν andK∗νν modes) is sought in the recoil against a fully reconstructedhadronic
B decay.
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B → Kℓ+ℓ− and K∗ℓℓ Decays

The exclusiveK(∗)ℓℓ and inclusivesℓℓ decays have been intensively studied theoret-
ically, as they provide a potentially unique window on New Physics. For example, in
the Standard Model, the forward/backward asymmetryAFB of the lepton pair has a zero
at lepton pair mass ˆs0 = 0.14 GeV. In extensions of the Standard Model, this zero may
be approached from the opposite direction, or may be altogether absent. This region of
lepton pair invariant mass represents only a small fractionof the allowed kinematic re-
gion of these rare decays, so a large data sample is required to make this measurement.
The measurement ofAFB can be done at hadronic experiments, but only in the exclusive
modes involving muons. Theoretical predictions are typically more precise for inclu-
sive processes, which can only be measured at a SuperB Factory. It is very important
to compareAFB in muon and electron modes, as this asymmetry can be changed by the
presence of a charged Higgs. Table 3 summarizes the achievable measurement precision.

TABLE 3. Measurement precision for observables insℓ+ℓ−,
Kℓ+ℓ−, andK∗ℓ+ℓ− decays.

B→sℓ+ℓ− Decays e+e− Precision (%)

Measurement 2/ab 15/ab 75/ab

B(B→Kµ+µ−)/B(B→Ke+e−) ∼ 10 3.6 1.6
ACP(B→K∗ℓ+ℓ−)

all 7.3 2.7 1.2
high mass 14.7 5.4 2.4

AFB(B→K∗ℓ+ℓ−)
ŝ0 24 9 4

AFB(B→sℓ+ℓ−)
ŝ0 33 12 6
C9, C10 44-67 16-25 7-12

τ and charm physics

At B Factories there are roughly as manyτ ’s and charmed particles produced asB0Õs.
The lepton flavor violating processτ → µγ can be constrained at the 10−10 level with
a 50 ab−1 data sample. Another important aspect to stress is the strong connection of
B andτ physics, in the framework of testing GUT models. In general,with the high
integrated luminosity that a SuperB Factory can collect, rare decays ofτ leptons can be
studied with high precision, providing a stringent test of flavor violation in the leptonic
sector and boosting our capability of testing GUT models.

Extremely interesting limits can be set at a SuperB Factory onD0D
0

mixng, as well
as on rare flavor-changing neutral current decays.
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SUPER B FACTORIES

Given the strong physics motivation, there has been a great deal of activity aimed at
producing ane+e− B Factory that can produce samples ofB mesons 50 to 100 times
larger than will exist when the currentB Factory programs end.

SuperPEP-II and SuperKEK-B

Upgrades of PEP-II [9] and KEK-B [10] to SuperB Factories that accomplish this
goal have been proposed at SLAC and at KEK. These machines arereasonable extrapo-
lations of the existing facilities, but they use a great dealof power, and pose substantial
challenges for detectors. As SLAC will have no on-site accelerator-based high energy
physics in the coming decade, the Super PEP-II proposal is moribund. As of this writing,
no decision has been made on Super KEK-B.

These SuperB Factory proposals have much in common, but differ in important ways.
A comparison of important parameters is shown in Table 4. In order to reach luminosities
approaching 1036 cm−2s−1, currents in the range of 10A are required. In the case of
Super KEK-B, a factor of two increase in luminosity is assumed for the use of crab
crossing, which will soon be tested at KEK-B.

TABLE 4. Parameters of currentB Factory and SuperB Factory designs.

Machine Crossing ξy e+e− I+ I− Power β ∗
y EH EL Luminosity

angle /bunch
mrad ×1010 mA MW mm GeV ×1036

PEP-II 0 0.068 8 2950 1750 22.5 11 9 3.1 0.10
KEK-B ±15 0.065 5.8 1680 1290 6 8 3.5 0.16

Super PEP-II 0 0.12 10 4500 2500 90 1.7 8 3.5 7
Super KEK-B 0 0.28 12 9400 4100> 100 3 8 3.5 5

SuperB ±15 0.045 3.3/1.9 1400 2500 23 0.2 7 4 10

The high circulating currents in these designs present a formidable engineering chal-
lenge, and result in high power consumption (of the order of 100 MW), larger detector
backgrounds and higher radiation levels.BABAR and Belle have projected backgrounds
and radiation levels based on their current experience; in both cases replacement of
several detector subsystems would be required to function in a SuperB Factory environ-
ment.

SuperB - A low emittance Super B Factory

The problematic power consumption and background issues associated with the
SLAC and KEK-based SuperB Factory designs have stimulated a new approach to con-
structing a 1036 luminosity SuperB Factory.

402

Downloaded 01 Dec 2006 to 131.215.240.9. Redistribution subject to AIP license or copyright, see http://proceedings.aip.org/proceedings/cpcr.jsp



We have therefore considered another concept that also has its roots in ILC R&D: a
very low emittance storage ring, based on on the ILC damping rings and final focus,
that incorporates several novel accelerator concepts and appears capable of meeting all
design criteria, while reducing the power consumption, which dominates the operating
costs of the facility, by a factor of three or four.

A new design, called SuperB, has been produced by a Frascati/SLAC group and is
under active consideration by INFN [11] for construction ata site near Frascati. Table 4
compares the basic parameters of SuperB to the older style SuperB Factory designs.

By utilizing concepts developed for the ILC damping rings and final focus in the de-
sign of the SuperB collider, it is possible to produce a two-order-of-magnitude increase
in luminosity with beam currents that are comparable to those in the existing asymmetric
B Factories. This means that only minor modifications to an existingB Factory detector,
such asBABAR, are needed. Background rates and radiation levels are expected to be
comparable to current values; so detectors should operate,in the main, as they do cur-
rently. Some upgrades are, of course, desirable: the radiusof the beam pipe should be
reduced, allowing a first measurement of track position closer to the vertex and improv-
ing the vertex resolution (this allows the energy asymmetryof the collider to be reduced);
the drift chamber should be replaced, as the current chamberwill have exceeded its de-
sign lifetime; the endcap calorimeter should be replaced with faster crystals having a
smaller Molière radius, since there is a large increase in Bhabha electrons in this region.

The SuperB design effort has imposed several constraints: the latticeis closely related
to the ILC Damping Ring lattice, and as many PEP-II components as possible should be
incorporated into the design. Many PEP-II components can infact be reused: The HER
and LER magnets (with 96 additional LER dipoles required), the magnet power supplies,
the RF system, the digital feedback system, and many vacuum components. This should
reduce the cost and engineering effort needed to bring the project to fruition [12].

This SuperB Factory concept is generating substantial interest in the community.
It may, in fact, be the most promising approach to produce thevery high luminosity
asymmetricB Factory that is required to observe and explore the contributions of physics
beyond the Standard Model to heavy quark andτ decays. A Letter of Intent document,
to be submitted to INFN in 2007, is in preparation.

CONCLUSIONS AND OUTLOOK

The two first generation asymmetricB Factories, PEP-II and KEK-B, were built after
consideration of a wide variety of technical options for achieving very high luminosity
with asymmetric energies. BothB Factories have been very successful, handily exceed-
ing design luminosity in a short time, and performing very reliably.

The associated detectors,BABAR and Belle have utilized the very large data samples
provided by PEP-II and KEK-B to provide a cornucopia of new heavy quark and heavy
lepton physics measurements. These have subjected the Standard Model to new and
stringent tests, all of which have thus far been passed.

With much larger data samples of 50-100 fb−1, new physics effects inB andτ decays
should be readily measurable, and could play a crucial and complementary role with
the LHC and ILC in deciphering the details of, for example, supersymmetry breaking.
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Samples of this size require the construction of a SuperB Factory to provide data at a
rate exceeding 10 ab−1/year.

Upgrades of PEP-II and KEK-B to SuperB Factory capability have been explored,
and are technically feasible, if difficult and expensive to operate. A new design, called
SuperB, employing approaches originally investigated for the ILC, appears to solve these
problems. It has much lower power requirements, uses beam currents comparable to
those of the existingB Factories, and even reuses many existing components, including
the detector. It is fully capable of providing the required luminosity, an even has upgrade
capability.
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