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We report on the status and plans of experiments now running or proposedfor electron-positron

colliders at energiesbetweenthe
PEP-11/ BABAR, KEKB/Belle,
programs at the

and the Z. The e" e B and charm factories we consideredwere
superKEK, SuperBABAR, and CESR-c/CLEO-c. We reviewed the
factory at Frascati and the proposedPEP-N facilit y at Stanford Linear Accelerator

Center. We studied the prospects for B physics with a dedicated linear collider Z factory, assaiated
with the TESLA high energy linear collider. In all cases,we compared the physics reach of these
facilities with that of alternativ e experiments at hadron colliders or xed target facilities.

PACS numbers: Valid PACS appear here

In tro duction

In this report we review the status of ongoing and
planned electron-positron collider facilities whose certer
of mass energiesrange from the massof the  meson
to that of the Z Boson. In Section 1 and 2, we discuss
the physics potential of two \lo w energy machines”, the

factory at Frascati and the proposed PEP-N storage

ring at Stanford Linear Accelerator. Section 3 presens
the physics potential of a proposedreoriertation of the
CESR macdhine and the CLEO detector, known asCLEO-
¢, which would focus on topics in charm physics and
QCD. In section4, we discussthe future ewlution of the
two asymmetric e* e B-factory facilities, KEKB/Belle
and PEP-11/ BABAR to superKEK and SuperBABAR
and compare their B physics reach to that of existing
and proposedhadron collider experimerts. In section 5,



we discussthe potential of a dedicated Z factory asso-
ciated with a Linear Collider, in this case TESLA, for
B physics studies and compareits strengths to those of
e* e and hadron collider experiments. In section 6, we
present our conclusions. This report is a written version
of the E2 Summary Talk givenat the nal plenary session
of Snavmass|f].

l. FACTORIES

The factory, DA NE, at Frascati is a unique facil-
ity, in which electron and positron beamsof energy 510
MeV collide [E]. There are no plans to build a simi-
lar facility elsewhere.While there are seweral aspectsto
its physics program, the E2 working group concernrated
on the physicsread of the KLOE (KLOng Experiment)
as comparedto planned xed target Kaon experimerts,
which will run at US facilities in the next se\eral years.

A. Status of DA NE

DA NE consistsof two independent storagerings, one
for electrons of 510 MeV and one for positrons of 510
MeV. The beamsintersect at an angle of 25 milliradians
at two locations. The bunch length is 3 cm. The hor-
izontal bunch sizeis 2 mm and the vertical sizeis 0.02
mm. The designluminosity is5 10%2cm ?s 1.

It hasbeena great challengeto obtain reasonablelu-
minosity. Recerly, a luminosity of 25 10%cm 2s !
has been achieved. This is a signi cant improvemert
over a year ago and, while still far below the design, is
sucient to begin to do meaningful physics. Over the
last few months sustained running at 1.3pb /day has
been achieved. An integrated luminosity of 200pb ! is
expected by the end of calendar 2001.

B. The KLOE Exp erimen t: Description, Goals,

and Status

A main goal of KLOE is to study rare and CP violat-
ing decgs of the K> mesonswhich are producedin the
decy ! KPK2. A schematic of the KLOE detector
is given in Fig. EIS It has a 5m diameter superconduct-
ing solenoid, which cortains a drift chamber and a lead-
scirtillator electromagneticcalorimeter. There is alsoan
endcap electromagnetic calorimeter. The drift chamber
usesHelium gasto minimize multiple scattering and K ?
regeneration. A CP violating K decay hasa very clear
signature in the detector, as shown in Fig. E

The physics program of KLOE is quite broad and is
described in Table |I| The table includes physics topics
and the approximate luminosity required to make mean-
ingful measurmertts for ead topic. It can be seenthat
somemeasuremets are already achievable with the cur-

TABLE [I: Summary of KLOE Physics Program

Physics Topic Integrated Luminosity
(pb 1)

radiativ e decays (fo ;a, ; ; ° ) 20-100

Measuremen of ( ) (for g 2)

K semileptonic decays, K 14,

/ % mixing, ::: 1000

Testsof CP and CPT violation and

measuremen of rare K decays 5000

rent luminosity but the study of CP violation and rare
kaon decays requires signi cant improvemens.

C. Comparison of Physics Reach of KLOE to
Planned Fixed Target Exp erimen ts

The current status of measuremets of \direct CP vio-
lation" through the quantity ¥ in Fixed Target Exper-
iments at CERN(NA48) and Fermilab(KT eV) is shavn
in Fig. E At a factory, the double ratio and interfero-
metric methods are complemenary to the Fixed Target
experiments. KLOE's goal of measuring ¥ to an ac-
curacy of 2 10 4, which requires 5000 pb 1, will
provide a measuremen comparableto the other experi-
ments. Howewer, the ability to extract Standard Model
CP parametersfrom this quartity is, at presen, limited
by theoretical uncertainties.

Another emphasisof future Fixed Target programsin
the US is rare kaon decas, in particular, measuremenh
of the branching fractions of

Kt 1ot 1)
Ket ©° )

The rst of these provides a measuremen of Vg and
the secondis a direct indicator of the CKM parameter
The branching fractions are very small, of order a
few 10 1. Very high kaon uxes are neededand Fixed
Target experiments that want to detect them must with-
stand formidable badkgroundsand run at very high rates.
The factory has very desirable features for doing
these measuremets which avoid many of the problems
of the Fixed Target experiments. However, even with
5000 pb 1, only about 10'*° K K pairs will be pro-
duced so the Standard Model expectations cannot quite
be reached. The branching fraction for the now obsened
decy K* ! * isalreadytoo low for KLOE to reac.
Howevwer, if there is new physics, outside the Standard
Model, in the decay K2 I © , which currently hasa
limit only of order 10 °, this processcould be within the
range of the KLOE experiment. Thus, KLOE has a few
year window to push the sensitivity of KP ! ©  in
the hope that new physics might be presen there. If the
Standard Model processesare the dominant ones, then
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FIG. 2: A CP violating K decay asseenin KLOE

ultimately this decay will have to be obsened in Fixed
Target kaon experimerts. See [E] for further details.

1. PEP-N

PEP-N is a proposednovel extension of PEP-II. The
machine is an asymmetric collider consisting of the PEP-
Il Low Energy Ring (LER) (3.1 GeV) and a new electron
storagering (Very Low Energy Ring, VLER) of energy

100MeV < E¢ < 800MeVp The accessiblecerter of mass
(CM) energyis1:2GeV < ~ s < 3:15GeV. This machine
would run simultaneously with PEP-I1 operation at the
4 9).

There is a rich variety of important physics measure-
ments that are accessibleat this collider. The most
prominent are the high-precision measuremen of the ra-
tio, R [HI[F], of the hadron total crosssectionto the muon
pair crosssectionand the determination of nucleonform
factors [[f]. Other physicstopics which can be studied at
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FIG. 4: Current and expected results on rare K decays. For each mode, the two lines corresponding to the greatest sensitivity

are for the Kopio experiment (K2 ! ° ) and the KAMI proposal (all three modes). Note KAMI is not approved.
PEP-N include mesonform factors, vector mesonspec- A. The Measuremen t of R
troscopy, the seard for non gq states and interac-

tions.

Testing the consistencyof the Standard Model requires

In our view the most important single measuremeh  avariety of measuremets for which radiativ e corrections
that PEP-N could cortribute is the determination of R play a crucial role. Two of the most important examples
with greatly improved precision. In this report we will are (a) Higgs massbounds from precision measuremets
focus solely on the physics motivation and challengesof  at LEP and electroveak natural relations (i.e. the ewvo-
measuring R. lution of to the Z pole), and (b) Interpretation of the
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FIG. 5: Feynman diagrams for radiativ e corrections to  em
and (g 2)

BNL g 2 experiment [E]. In addition, future higher
precision experimerts, sud as Giga-Z, will depend on
radiativ e corrections being precisely known.

The parametersof the electroveak model can be taken
as Gk, em(0), Mz, my and the fermion massesand
mixings. In orderto compute physical quantities we must
include radiativ e corrections which renormalize charges,
massesand magnetic momerts as shown in Fig. E Al-
though the electronveak radiativ e corrections are calcula-
ble, the hadronic radiativ e corrections are not. However
the lowest-orderhadronic radiativ e correctionscan be ob-
tained from e€* e ! hadrons using dispersion relations
and unitarit y. The forward scattering amplitude for vir-
tual photons interacting with the vacuum is related to
the total cross section for that processby the Optical
Theorem.

1. The evolution of to Mz

In leading order perturbation theory:
X

_ 2 s 5
3 Qf ch (lnmfz 3)

(s)

m2<<s

= leptons (S) + hadr ons (S) 3

This expressionis inadequate for the hadronic contribu-
tion, which can be obtained from the measuremen of R.
For (2m)? >> s>> (2mp)? we have:
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FIG. 6: Rnad including resonanceswith the parameterization
of Burkhardt and Pietrzyk.

(S) = leptons (S) + ﬁsa)dr ons (S) (4)
Z
Q= 5 D g0

3 4mz SUs® )

Our current knowledge of R below 10 GeV is shownn in
Fig. E (M2) is of particular importance for pre-
dicting the W mass and Z-pole asymmetries and has
been calculated by many authors including Burkhardt

and Pietrzyk (BP) [Id. BP nd & (M2) =
0:02761 0:00036(1.3%) correspnding to 1= (M2) =
128936 0:046 (0.037%). The largest cortributions to
the uncertainty in ﬁsa)dr ons (S) aredrom the measured
valueijof R in the regions 1.05< "~ s <2.0 GeV and
2.0< " s <5.0 GeV, eadh cortributing about 0.8% as
shown in Fig. [| from Ref. [Ld]. The latter uncertainty
decreasedsigni cantly after inclusion of the recent BES
(inclusive) data [E], even though the measuremets be-
tween?2 and 3 GeV have large errors and potentially sig-
ni cant systematic uncertainties. The uncertainties in
the contributions from di erent intervals are systematics
dominated. However BP combines the errors in quadra-
ture. If one wereto sum the systematic errors, the un-

certainty would be 3%.
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FIG. 7: Relative contributions to (h?d(Mzz) in magnitude
and uncertainty from Burkhardt and Pietrzyk.

As noted in [E], the consistency of R measuremets
between3 and 4 GeV and between5 and 8 GeV is poor.
Absolute crosssectionsare di cult to measureand there
may be signi cant systematic errors in the measuremets
beyond those estimated by the experiments.

(M2) erters in electronveak physics via

1

sin® co¥ = p— 6
Pz T ©)
where
r= (M2) f(sin®) + Truiggs+ Tother (7)
and
p_
. 2Gr, o
162 oM ®)
Po%GeME . ., mi 5
My o —— N (sin® ) In—5-  2)g;
iggs 16 2 MVZV 6

c'(sin? ) andf(sin? ) aredependert on the de nition
of sin® , i.e. the renormalization method. In the on-
shell sheme, for example,Cy;, = 11=3 andfw (sin® ) =
cot? ' 3:35.

The resulting fractional theoretical uncertainty in My
is 0:23 . The cortribution from the 0.0004uncer-
tainty in (s) is about 75 MeV, comparedto the

hadr ons

experimertal uncertainty of 56 MeV. Measuremers of
the e ectiv e leptonic sin?> \ and the predictions of the

Standard Model with uncertainties due to ﬁs) (M2)
and m; from the LEPW G [[L2] are shawn in Fig.aé.

The e ective weak mixing angle, can be determined
from Z-pole asymmetry data, etc. without knowledge of
the top and Higgs masses.The Standard Model predic-

tion is given as a function of my with uncertainties due

to © m¢, and mz . The uncertainty in sin? L,

hadr ons *

due to ﬁsa)dr ons is sin2 Lff ﬁsa)dr ons 0:0001’
that due to m; is also about 0.0001, and that due to
Mz << 0:0001, comparedto the experimental error of
0:00017.The overall t to my from all electrowveak data,
shawn in Fig.f, yields an estimateof ~ 100";,GeV where
the dominant cortribution to the uncertainty, 20GeV,

i ®)
is from .

2. (g 2

We now consider hadronic corrections to the muon
magnetic moment. The Standard Model prediction for
a (g 2 =2is:

a (theory) = a (EW) + a (Had): (10)

a (EW) a (QED)+ a (Weak) is calculableto a few
parts in 10''. The uncertainty in a is dominated by
that in a (H ad) which is usually broken up into the lead-
ing vacuum polarization cortribution a (H ad; 1) of order
(-)?, the higher order vacuum polarization cortribution
a (Had; 2) of order (-)3, and the hadronic light-by-light
cortribution a (LbL), also of order (-)3. The rst of
these is related to R by a dispersion relation, and the
secondand third must be estimated.

Z1 ds

T GKORE ap

a (Had;1) = (37)2

where
3s x2
K(S) = foz(l ?)
+ (1+ x)2(1+ i)fln(1+ X) X+ ﬁg
X2 2
+
+ zlenxg (12)
with
r—
- 1 —4m2 13
X = o :
1+ S (13)

Note the weighting of R(s) is 1=s?, making the low energy
regime more important than for (s). Somerecent anal-
yseshave used decy data to supplemen e*e data.



Here CVC is usedto relate processegshrough the vector
charged weak current to comparable processeshrough
the isovector E.M. current assumingno secondclassweak
currents, which implies that the cortribution of the axial
vector current to G+ decas is zero. Thus annihilation
cross sectionswith G = C( 1) = +1 (G+, i.e. n
even) are obtained from the rates of corresppnding  de-
cays. While deca data is useful at the current level of
accuracy I-spin violation and e ects sud asinitial and
nal state radiation must be understood if we are to rely
on it at smaller experimertal errors, as emphasizedby
Eidelman and Jegerlehner[fL3 [L4land by Melnikov [[Lg].
PQCD is used at energies 12 GeV by all authors be-
causeof the lack of data. The result of Davier and Hocker
(DH) [@], who use QCD sum rule constraints at low en-
ergy aswell as data, isa (Had; 1) = 6924(62) 10 %,
giving the dominant uncertainty in a . The more con-
senativ e result of Jegerlehneris 6987(111).

The higher order hadronic vacuum polarization and
hadronic light-by-light cortribution to a are compara-
ble. Howewer while the uncertainty in the former is sev-
eral parts in 10', the uncertainty in the latter is much
larger. The detailed calculations done by Hayakawa and
Kinoshita [ﬂ] and by Bijk ens, Pallante and Prades [E]
give a negative a-°- @]. Marciano and Roberts in their
recert review [R1] combine in quadrature the DH re-
sult for a (Had;1) = 6924(62) 10 ! and a (LbL) =

85(25) 10 !(the averageof HK and BPP taking the
averageof the quoted uncertainties) for an overall result
of aSM = 116591597(67) 10 1. This isto be compared
with the BNL E821 g result of 116592020(160) 10 1.
The discrepancyis 423(173) 10 ! [[L9. Other authors
regard the light-by-light calculation as model-dependert
and lessreliable [B] BNL E821 ultimately anticipates
an uncertainty of 40 10 . Clearly improved knowl-
edgeof a (Had; 1) and a (LbL) are required to exploit
high-precisionmeasuremets of (g 2) . The former will
greatly benet from better e* e data below 3 GeV.

B. Exp erimen tal Requiremen ts

Two methods can be usedto measureR:

Inclusiv e approac h: hadronic events are de ned
inclusively by requiring a minimum number of par-
ticles in the detector. In order to measurethe cross
section (e*e ! hadrons) the acceptanceis re-
quired. Due to the large number of cortributing
channels,a Monte Carlo simulation is used,leading
to potentially large systematic errors and rendering
this method unsuitable for a high-precision (1-2 %)
measuremen of R.

Exclusiv e approac h: the cross section of eadh
individual channel contributing to R is measured.
Events must be completely reconstructedwith high
e ciency, and acceptancesfor ead channel must
be well known. With this method an accuracy of
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FIG. 9: Light Higgs massprediction of precision electroweak
data, with uncertainty due to hadronic corrections.

1-2% in R can be readed, as showvn by the recert
VEPP-2M measuremets.

To measureR with a precision of the order of 2 % (or
better), the PEP-N experimernt is designedto use the
exclusive method. The detector has a large acceptance
and is able to measurethe absolute position of charged
and neutral particles. In addition, since (e*e ! nm)
is a sizeablefraction of the total hadronic crosssection
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(e.0- 2.5 % at P

needed.
The proposedPEP-N detector must satisfy the follow-
ing requiremerts:

s = 2 GeV), nn detection capability is

Low mass trac king. In the energyrange of PEP-
N multiple scattering cortributes signi cantly to
the momertum resolution ( 2%);

Momen tum measuremen t with good accu-
racy. A high-precision measuremen of R requires
the ability to reconstruct e cien tly every individ-
ual nal state. This canbe done by meansof topo-
logical selectionsand kinematic tting. The ability
to identify ead channel cortributing to R depends
crucially on a high-precision measuremen of the
momerta.

Electromagnetic (EM) calorimetry . The EM
calorimeter provides the direction and energy of
photons with high precision and accuracy down to
100MeV or below, and identi es Bhabhas usedfor
the luminosity measuremen

Particle ID is necessarnyffor =K separation; this
feature is crucial to distinguish betweenand recon-
struct e cien tly nal states containing pions and
kaons.

Luminosit y measuremen t with an accuracy of
the order of 1 % or better.

nn capabilit y

As PEP-N is an asymmetric machine, the CM is travel-
ling at 0:6 < cm < 0:94. In consequenceslow particles
in the CM frame are boostedto momernta ranging from a
few hundred MeV to 1-2 GeV, simplifying detection and
reducing the angular coverageneededto obtain full ac-
ceptance. The asymmetric operation has the additional
advantage of simplifying beam separation.

Another important feature of the PEP-N designis the
magnet. The magnetic eld required to perform beam
separation with minimal interference with PEP-I1 op-
eration is a weak dipole eld (B 0:3T). This eld
is also used by the experiment for the measuremen of
charged particle momerta. Therefore, the tracking sys-
tem is housedinside the magnet gap which, as a con-
sequencehas to be made big enoughto give a suitable
acceptance. Considerable e ort has been expended to
designa magnet with a su cien tly uniform eld.

Assuming an averageinstantaneousluminosity of 5
10*°cm 2s ! and a detection e ciency of 50 %, the ex-
pected hadronic evert rate for the measuremen of R is
10,000 events per day. A 1-2 day data taking period
at eath CM energy provides statistical accuraciesbetter
than 1 %. PEP-N plans to take data at intervals of 10
MeV. Seeral hundred days of data taking are requiredto
cover the energyregion between1.2 GeV and 3.15GeV.

Taking a maximum total crosssection of 100 nb and
maximum instantaneous luminosities of 103cm 2s 1,
the event rate (excluding badckgrounds) is 1 Hz. Back-
grounds will increasethis rate but should preser no
problem for the detector.

The proposedPEP-N detector layout is shown in g.
@. The certral detector is housedinside the magnetgap.
It consistsof a time projection chamber (TPC) using a
slow He basedgasproviding = 200 300 m and dE/dx
capability. It is proposedto use GEMs for the readout to
eliminate the E B term. The EM calorimeter modules
are located outside the magnet. Energy resolution of a
few percert down to 100 MeV and good time resolution
canbeacdhievedwith aleadand scirtillating b ertechnol-
ogy basedon the KLOE design. Particle ID is achieved
with two 10 cm thick KEDR style aerogelcourters, which
achieve 4 =K separation between 600 MeV/c and 1.5
GeV/c. The hadron calorimeter design was not chosen
at the time of writing this report. A scirtillator based
calorimeter or an extensionin depth of the EM calorime-
ter were under investigation. The dipole magnet and
the certral detector are not certered on the interaction



point. They are shifted 25 cm in the forward direction to
increasethe path inside the magnetic eld for particles
producedin the forward direction.

The forward detector consists of two silicon aerogel
courters for particle ID, additional tracking planes(drift
chambers) aswell as EM and hadronic calorimeter mod-
ules. Also shown in g. @are the HER (High Energy
Ring), LER and VLER beam pipes.

The proposedsdedulefor PEP-N is asfollows. A pro-
posalreview is plannedfor summerof 2001. If approval is
granted, then in 2003the injector gun, linac, and trans-
port lines would be installed. Also modi cations to the
PEP-I1 LER and HER would be made. The rst injector
beam test would be in October 2003. In summer 2004,
the VLER ring, detector magnet, and detector would be
installed. In October 2004, rst VLER injected beam
tests are foreseen.In January 2005, rst collisions would
occur.

C. Summary

The determination of R in this energy range is of
particular importance and is timely. The statistical
error achievable is negligible. Howewer, there was no
clear demonstration that the required systematic error of
about 2% (dominated by knowledgeof the acceptance)is
achievable. Studiesstimulated by the E2 group are ongo-
ing to addressthis concern. In one approach, a CLEO-c
10° J/  run would yield precisionJ/  absolute branch-
ing ratios, which could be usedby PEP-N in a calibration
run at the J/  for a precisiondetermination of the accep-
tance. The PEP-N detector designappearsto be sound.
There is no new technology except for the GEM read-
out of the TPC. We concludethat the physics program
of PEP-N is well de ned, important and unique and the
required number of everts can be obtained in v e years.
However, cortrol of systematic errors needsto be care-
fully evaluated before proceeding.

I, CHARM PHYSICS WITH CLEO- ¢

For many years, the CLEO experiment at the Cor-
nell Electron Storage Ring, CESR, operating on the
(4S) resonance,has provided much of the world's in-
formation about the By and B, mesons. At the same
time, CLEO, using the copious cortinuum pair produc-
tion at the (4S) resonancehas been a leader in the
study of charm and physics. Now that the asymmet-
ric B-factories have achieved high luminosity, CLEO is
uniquely positioned to advancethe knowledge of heavy
a vor physicsby carrying out seweral measuremets near
charm threshold, at certer of massenergiesin the 3.5-5.0
GeV region. These measuremets addresscrucial topics
which benet from the high luminosity and experimen-
tal constraints which exist near threshold but have not
beencarried out at existing charm factories becausethe

10

luminosity has beentoo low, or have been carried out
previously with meagerstatistics. They include:

1. Charm decg constarts fp;fp.;

2. Charm absolute branching fractions;
3. Semileptonic decay form factors;

4. Direct determination of Vgg & Vgs;
5

. QCD studies including:
Charmonium and bottomonium spectroscoyy;
Glueball and exotic seartes;
Measuremen of R between3 and 5 GeV, via scans;
and
Measuremen of R between1 and 3 GeV, via ISR
(Initial State Radiation).

6. Seard for new physicsvia charm mixing, CP vio-
lation and rare decgs; and

7. deca physics.

The CLEO detector can carry out this program with
only minimal modi cations. The CLEO-c project is de-
scribed at length in [@]. It wasalsodescribed in seweral
talks at this workshop: [R§ - [B4]. Theoretical issues
in charm physics were covered in talks [Bg - [Bg. A
very modest upgrade to the storagering, described else-
where in these proceedings,is required to achieve the
required luminosity. Below, we summarize the advan-
tagesof running at charm threshold, the minor modi ca-
tions required to optimize the detector, examplesof key
analyses,a description of the proposedrun plan, and a
summary of the physicsimpact of the program.

A. Adv antages of running at charm threshold

The B-factories, running on the (4S) will have pro-
duced 500 million charm pairs from the underlying con-
tinuum by 2005. Howewer, there are signi cant advan-
tagesof running at charm threshold:

1. Charm everts produced at threshold are extremely
clean;

2. Double tag events, which are key to making abso-
lute branching fraction measuremets, are pristine;

3. Signal/Background is optimum at threshold;
4. Neutrino reconstruction is clean; and

5. Quantum coherenceaids D mixing and CP viola-
tion studies

These advantages are dramatically illustrated in Fig-
ure @ which shaws a picture of a simulated and fully
reconstructed (3770)! DD ewent.



FIG. 11: A doubly tagged evert at the (3770)

FIG. 12: The CLEO Il detector

B. The CLEO-I |l Detector
Mo di cations

: Performance,
and issues

The CLEO III detector, shown in Figure 12, consists
of a new silicon tracker, a new drift chamber, and a Ring
Imaging Cherenkov Counter (RICH), together with the
CLEO 11/l .V magnet, electromagnetic calorimeter and
muon chambers. The upgraded detector was installed
and commissionedduring the fall of 1999 and spring of
2000. Subsequetly, operation hasbeenvery reliable (see
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below for a caveat) and a very high quality data set has
beenobtained. To givean idea of the power of the CLEO
[11 detector, Figure 13 (left plot) shows the beam con-
strained massfor the Cabibbo alloweddecay B ! D
and the Cabibbo suppresseddecay B ! DK with and
without RICH information. The latter decay was ex-
tremely dicult to obsenein CLEO II/I 1.V, which did
not have a RICH detector. In the right plot of Figure 13,
the penguindominateddecey B! K andthe tree dom-
inated decay B ! are shown. Both of these modes
are obsened in CLEO Il with branching ratios consis-
tent with those found in CLEO 11/l 1.V. and are alsoin
agreememn with recert Belle and BABAR results. Fig-
ure 13 is a demonstration that CLEO |1l performs very
well indeed.

Unfortunately, there is one detector subsystemthat is
not performing well. The CLEO 111 silicon detector, Si3,
has experiencedan unexpected lossof e ciency which is
increasingwith time. The causeof the ine ciency is un-
known. The situation is under constart evaluation but
it is likely that Si3 will be replaced with a wire vertex
chamber for CLEO-c. We note that if one was to de-
sign a charm factory detector from scratch the tracking
would be ertirely gasbasedto ensurethat the detector
material was kept to a minimum. CLEO-c simulations
indicate that a simple six layer stereo tracker inserted
into the CLEO I drift chamber asa silicon replacemen
would provide a system with superior momertum reso-
lution to the current CLEO 111 tracking system. The
CLEO collaboration therefore proposesto build suc a
device for CLEO-c at a cost of order $100,000.

Due to machine issues,CLEO also plans to lower the
solenoid eld strength to 1 T from 1.5T. The other parts
of the detector do not require modi cation. The dE/dx
and Ring Imaging Cerenlov counters are expected to
work well over the CLEO-c momertum range. The elec-
tromagnetic calorimeter works well and has fewer pho-
tons to deal with at 3-5 GeV than at 10 GeV. Triggers
will work as before. Minor upgradesmay be required of
the Data Acquisition systemto handle peak data trans-
fer rates. CESR corversionto CESR-c requires 18 m of
wiggler magnetsat a costof  $4M and is discussecklse-
where. The conclusionis that, with the addition of the
replacemen wire chamber, CLEO is expected to work
well in the 3-5 GeV energyrange at the expected rates.

C. Examples of analyses with CLEO-c

The main targets for the CKM physics program at
CLEO-c are absolute branching ratio measuremets of
hadronic, leptonic, and semileptonic deca/s. The rst of
these provides an absolute scalefor all charm and hence
all beauty deceys. The secondmeasuresdeca/ constarts
and the third measuresform factors and, in combination
with theory, allows the determination of Vg and V.



FIG. 13: (Left) Beam constrained massfor the Cabibbo allowed decay B !
with and without RICH information. The latter decay was extremely di cult

a RICH detector. (Right) The penguin dominated decay B !
consistert with that found in CLEO I/l 1.V.

1. Absolute branching ratios

The key idea is to reconstruct a D mesonin as many
hadronic modes as possible. This, then, constitutes the
tag. Figure 14 shows tags in the modeD ! K . Note
the y axis is a log scale. Tag modesare very clean. The
signal to background ratio is  5000/1 for the example
shown. Since (3770)! DD, reconstruction of a second
D mesonin a tagged evert to a nal state X, corrected
by the e ciency which is very well known, and divided
by the number of D tags , also very well known, is a
measure of the absolute branching ratio Br(D ! X).
Figure 15shavsthe K * * signal from doubly tagged
ewverts. It is essetially badkground free. The simplicity
of (3770)! DD ewerts combined with the absenceof
badground allows the determination of absolute branch-
ing ratios with extremely small systematic errors. This
is a key advantage of running at threshold.

2. Leptonic decay Ds !

This is a crucial measuremenh becauseit provides in-
formation which can be usedto extract the weak decay
constart, fp,. The constraints provided by running at
threshold are critical to extracting the signal.

The analysis procedureis asfollows:

1. Fully reconstruct oneDyg;

2. Require one additional charged track and no addi-
tional photons;
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D and the Cabibbo suppresseddecay B! DK
to obserwe in CLEO 11/l 1.V, which did not have
. This mode is observed in CLEO 111 with a branching ratios
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FIG. 14: K invariant massin (3770)!
ing a strikingly clean signal for D ! K
logarithmic. The S/N  5000/1.

DD events, show-
The y axis is

3. Compute the missing masssquared (MM2), which
peaksat zerofor a decay where only a neutrino is
unobsened.

The missing massresolution, which is of order M o,
is good enoughto reject the badckgroundsto this process
asshown in Fig. 16. There is no needto identify muons,
which helpsreducethe systematic error. One caninspect
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FIG. 15: K invariant massin (3770)! DD events, where

the other D in the event has already been reconstructed.
A clean signal for D ! K is obsered and the abso-
lute branching ratio Br(D ! K ) is measuredby counting
everts in the peak.

the single prong to make sureit is not an electron. This

provides a chedk of the badkground level since the lep-

tonic decay to an electron is seerely helicity-suppressed
and no signal is expected in this mode.

3. Semileptonic decay D !

The analysis procedureis asfollows:
1. Fully reconstruct one D;

2. Selectevents with one additional electron and one
hadronic track;

3. Calculate the variable U = Episs Ppiss , which

peaksat zero for semileptonic decays.

Using the above procedure results in the right-hand
plot of Figure 16. With CLEO-c, for the rst time it will
become possible to make absolute branching ratio and
absolute form factor measuremets of every charm me-
son semileptonic pseudoscalarto pseudoscalarand pseu-
doscalarto vector transition. This will be a lattice cal-
ibration data set without equal. Figure 17 graphically
shows the improvemen in absolute semileptonic branch-
ing ratios that CLEO-c will make.

D. Run Plan

CLEO-c must run at various certer of massenergiesin
order to achieve its physics goals. The \run plan" cur-
rently usedto calculate the physicsread is given below.
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Note that item 1 is prior to machine corversion and the
remaining items are post machine cornversion.

1.2002:'s { 1-2fb teachat (1 S); (2 S); (3 9)
Spectroscopy, electromagnetictransition matrix el-
emens, the leptonic width. ¢, and seartes for
the yet to be discovered hy; p with 10-20times the
existing world's data sample.

2.2003: (3770){ 3fb?
30 million ewernts, 6 million tagged D decas (310
times MARK  I11).

3. 2004:4100MeV { 3fb !
1.5 million DsDg everts, 0.3 million taggedDg de-
cays (480 times MARK 111, 130times BES).

4,2005:)= {1fb?
1 Billion J= decgs (170 times MARK 111, 20
times BES I1).

E. Physics Reach of CLEO-c

Sewral talks to the E2 working group addressed
the competition CLEO-c will face from BESII/I Il [39],
BABAR [40, and experiments at hadron machines
[41],[42]). Tablesll, 111 , and IV, and Figures 17 and 18
summarizethe CLEO-c measuremets of charm weak de-
cays, and comparethe precisionobtainable with CLEO-c
to the expected precision at BABAR, which expects to
have recorded 500 million charm pairs by 2005. CLEO-c
clearly achieves far greater precision for many measure-
ments. The reasonfor this is the ability to measureab-
solute branching ratios by tagging and the absenceof
badground at threshold. In those topics where CLEO-c
is not dominant, it remains comparable or complemen-
tary to the B-factories.

Also shown in Table IV is a summary of the data set
sizefor CLEO-c and BES Il at the J= and ¢ and the
precisionwith which R, the ratio of the e" e annihilation
crosssection into hadronsto  pairs, can be measured.
Since the CLEO-c data sets are over an order of mag-
nitude larger, the precision with which R is measured
is a factor of three higher. In addition, the CLEO de-
tector is vastly superior to the BES |l detector. Taken
together, the CLEO-c datasetsat the J= and °will be
qualitativ ely and quartitativ ely superior to any previous
dataset in the charmonium sectorthereby providing dis-
covery potential for glueballs and exotics without equal.

F. CLEO-c and Future Comp etition

BES/BEPC is currently proposingto upgradethe ma-
chine and detector [39. In response to the CESR-
c/CLEO-c proposal, the design goal for the machine,
BEPC II, was recerily changed from a peak luminos-
ity of 5 10%cm 2s ! to a two ring machine with a
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TABLE |I: Summary of CLEO-c charm decay measuremetns.

Topic Reaction |Energy| L current | CLEO-c
(MeV) |(f b 1) |sensitivity |sensitivity
Decay constant
fo D! 7 3770 3 UL 2.3%
fos Ds ! 7 4140 3 14% 1.9%
fos Ds! 7 4140 3 33% 1.6%
Absolute Branching Fractions
Br(D°! K ) 3770 3 2.4% 0.6%
Br(D™! K ) 3770 3 7.2% 0.7%
Br(D¢ ! ) 4140 3 25% 1.9%
Br( ¢! pK ) 4600 1 26% 4%

TABLE |lI: Summary of direct CKM reach with CLEO-c

Topic| Reaction |[Energy| L current | CLEO-c
(MeV) |(f b 1) |sensitivity |sensitivity

Ves |[D°! K'F 3770 3 16% 1.6%

Ve [D°! 3770 3 7% 1.7%

peak luminosity in excessof 1033cm 2s 1. A completely
new detector, BES 111, would be built possiblyaround an
electromagnetic calorimeter made of BGO crystals from
the L3 experiment. The detector designis ewlving and
is the subject of a planned workshop in Beijing in Octo-
ber 2001. As now ervisagedBEPCI I/BESI |1 would come
on line around 2006and would accunulate a data sample
oneorder of magnitude larger than CLEO-c. The physics
program of BES Ill is identical to CLEO-c. For BES
[11 to make a signi cant impact it is absolutely essetial

that the detector be as good asthe CLEO-c detector. If

that can be achieved, the signi cantly larger luminosity
of BEPCI| over CESR-cis likely to be a considerablead-

vantage for new physicsread. For CKM physics,theory
will have to sharpen for the larger statistics of BES 111
to be usedto full advantage.

A program is underway at TINAL to systematically
explore the light mesonswith massesup to 2.5 GeV/c?
using photoproduction with the high quality low emit-
tance CW photon beamsavailable there. The program
will be capable of exploring both light mesonstates and
searding for exotic states in this massregion. A new
detector is proposedalong with an upgrade of CEBAF
to 12 GeV. The target date for completion of construc-
tion is 2006. The goals of HALL-D and CLEO-c have
someoverlap but there is alsocomplemenarit y. CLEO-c
is focusing on glue rich states and vector hybrids both
light and heavy. Hall-D is focusedon states with exotic
guantum numbers.

There is a proposal from the GSI acceleratorin Ger-
many for a High Energy Storage Ring (HESR) for an-
tiprotons. One part of the program of this facility will
be a seard for gluonic excitations, glueballsand hybrids
in the charmonium sector. This interesting facilty was
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TABLE |V: Comparison of CLEO-c reach to BABAR and BES

Quantit y CLEO-c |BABAR|| Quantity |[CLEO-c| BES-II
fo 2.3% | 10-20% #J 10° 5 10
fos 1.7% | 5-10% 0 10° (39 10°
Br(D°! K )| 07% | 2-3% |/ 414GeV | 1fb * | 23pb !
Br(D"! K )| 19% | 3-5% [[3-5R Scan| 2% 6.6%
Br(Ds ! ) | 1.3% | 5-10%
TABLE V: Current knowledge of CKM matrix elemerts (row 1:D°® K-e'n
one). Knowledge of CKM matrix elemerns after CLEO-c (row 2 D°® K'e'n 100
two). Seethe text for further details. 3:D°® pen zg
Vcd Vcs Vcb Vub th Vts 4:D°® rie'n . 70 4
7% | 16% |5%|25%)|36%|39% 5:D'® K°e'n g 60y
1.7%)|1.6%|3%]| 5% | 5% | 5% 60 ® Koen & ol
7:D'® p°e'n 30 4
8:D"® r’'n 21
9:D,® K%™n 12
10:D,® K™%"'n
not discussedin the E2 group as GSI was not repre- 11:D,® fe'n PEd e s e e

serted. Howewer, charmonium studies are likely to be
complemernary to CLEO-c.

G. CLEO-c Physics Impact

CLEO-c will provide crucial validation of Lattice QCD,
which will be able to calculate many quartities with
claimed accuraciesof 1-2%. The CLEO-c decg constart
and semileptonicdata will provide a\golden”, and timely
test while CLEO-c QCD and charmonium data will pro-
vide additional bencdhmarks.

CLEO-c will provide, in atimely fashion, dramatically
improved knowledge of absolute charm branching frac-
tions, which are now cortributing signi cant errors to
measuremets involving b's. CLEO-c will signi cantly
improve knowledgeof those CKM matrix elemens which
are now not very well known. In particular, Vg and V¢
will be determined directly by CLEO-c data and LQCD,
or other theoretical techniques. Vep; Vup; Vig and Vis will
be determined with enormouslyimproved precisionusing
B-factory data and lattice gaugeresults oncethe CLEO-c
program of lattice validation is complete. Table V gives
a summary of the situation. CLEO-c data alonewill also
allow new tests of the unitarit y of the CKM matrix. The
unitarit y of the secondrow of the CKM matrix will be
probed at the 3% level, which is comparableto our cur-
rent knowledge of the rst row. CLEO-c data will also
test unitarit y by measuringthe ratio of the long sidesof
the squashedcu triangle to 1.3%.

Finally the potential to obsene new forms of matter,
glueballs, hybrids, etc in J= decas, and new physics
through sensitivity to charm mixing, CP violation, and
rare decgs provides a discovery componert to the pro-
gram.

Decay modes
12:L.® Le'n

FIG. 17: Absolute branching ratio current precision from the
PDG (left entry) and precision attainable at CLEO-c (right
entry ) for twelve semileptonic charm decays.
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FIG. 18: Comparison of CLEO-c (left) BABAR (center) and
PDG2001 (right) for eight physics quantities indicated in the
key.

IV. e"e B-FACTORIES AND THEIR PLANS
FOR THE FUTURE

The two asymmetric B-factories, PEP-I1 and KEKB,
have achieved reliable operation at high luminosities of
afew 10%3cm 2s ! in a remarkably short period of time
after their startup. Theseluminosities have enabledtheir
experimerts, BABAR and Belle, respectively, to obsene
CP violation in the decas of the B® meson. Opera-
tional experience with both machines has now led to
plans for incremertal upgradeswhich evertually are ex-



TABLE VI: Predicted Evolution of Luminosity and Number
of Produced B's in Asymmetric B Factories

KEKB |KEKB |PEPII |PEPII
2001 | 2005 | 2001 | 2005

super | Super
KEKB |[BABAR
> 2007|> 200X
L 10% 4.1 10 3 10 100 1000
B's/107s[8.2 10"[2 10°|6 107|2 1C*|2 10°|2 10¥°

pectedto produce luminosities of 10°cm 2s 1. For the
purposesof this report, we will refer to these as\super
B-factories”, with a lower case’s'. While this is happen-
ing, hadron collider experiments at the Tevatron, CDF
and DO, will beginto produce B physics results that will
compete with, and in some casesexceed,the sensitiv-
ity of the e" e B-factories. Dedicated experiments at
the Tevatron and the LHC, BTeV, and LHCb, and the
two large generalpurposeexperimens at the LHC, CMS
and ATLAS, will begin to cortribute at very high levels
of sensitivity to the study of CP violation and rare de-
cays in the B system, starting around 2007. The SLAC
group has proposeda responseto this, which we refer to
as the \Super B-factory", which has a luminosity goal
of 10%cm 2s 1. We write this with an uppercase’S' to
emphasizethat it is aiming at a factor of 10 higher lumi-
nosity than superKEK. This requiresa new machine and
a very signi cant upgrade of the BABAR detector. KEK
seems,at presen, to have no plans to pursue B physics
after the dedicatedhadron collider B experiments appear
on the scene.We preser the plans for the two phasesof
B-factory upgrade, emphasizingphysicsread, and com-
pare their reac to the physicsread of the hadron col-
lider experiments that will be coming on in the samepe-
riod. This part of the report is basedon the following set
of talks to the E2 working group [43] - [64], much lively
discussionand much work during the summer study, es-
pecially by the E2 subgroup on Super B-factories orga-
nized by David Hitlin [65. The projected ewlution of
luminosity in these machinesis shavn in Table VI.

In addition to these two circular machines, there are
proposalsto construct multi-h undred GeV certer of mass
energy €' e Linear Colliders. This has raised the
prospect of further running on the Z-pole, where: the b-
guark crosssectionis very high, 7nb; where all species
of B mesonsand baryons are produced; there is signi -
cant boost for time-dependert studies;and the everts are
quite clean allowing a vor tagging to be done e cien tly.
While most of the time the machine will operate at a
certer of massenergy well above the Z-pole, it is possi-
ble to invent a scheme where contin uous Z -pole running
is possible. Sudh a stheme is proposed for TESLA at
DESY where there is a secondbeam for a Free Electron
Laser. Pulsescan be stolen from that to form a so-called
Giga-Z machine. The physicsread of this machine is ex-
plored, someareasin which it can do unique studies are
described, and its sensitivities are compared with those
of the circular " e machines and the hadron colliders.
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A. KEKB/Belle Upgrade plans

KEK plans for call for an upgrade to 10®°cm ?2s 1,
which correspnds to 10° B pairs per year. Towards the
end of this period, which they seeasextending to around
2007/8, they expect to be overtaken by competition from
hadron collliders. However, they believe that they will
have signi cant advantageswith respect to hadron col-
liders in terms of

°and detection e ciency, and
smaller badkgrounds.

They look to techniques such as greater reliance on ver-
tex separation cuts and full reconstruction tagging to re-
duce badkgrounds below what they are today. With the
improved badgrounds obtained with a detachment cut
of about 2 , they believe it will be possible to study
decays with branching fractions at the level of 5 10 7.
Examples of decays that would then be accessibleare

B ! K °K anddecas suth asB* | D*Kg and
B* ! D°K™*, which can be usedto measurethe CKM
angle . In full reconstruction tagging, as many B's as

possibleare fully reconstructed and then one studies the
remnants, which must all be from the other B. This
technique helps especially with states corntaining neutri-
nos, sud as

b! ul (14)
B ! (15)
b! s (16)

The technique relies on the detector's hermeticity.

The conclusion is that there are many signicant
physics studies they can do with approximately 5 years
of running at a luminosity of 10°®. The machine upgrade
is an extrapolation of the current KEK con guration. It
was discussedin section M2 [55].

Operation at 10° has implications for the detector
and the IR. The rates from collisionswill be signi cantly
higher which will lead to larger occupancy Trigger rates
and rates through the data acquisition system will be
higher. There will be more syndcrotron radiation, which
will have to be removed by masking. There may be
larger vacuum pressureresulting in higher background
rates from Tousdek scattering. There may needto be a
larger crossingangle which may make it harder to shield
badgrounds e cien tly. The nal quads may be moved
closerto the IP to reduce . And nally , the badkground
at injection might be signi cantly worse.

It is planned to usea 1 cm radius beampipe. Particle
badgrounds will be cortrolled by massive masksaround
the inner vertex detectors, on the upstream beampipes
and at other \w eak spots". Nevertheless,the rst few
layers of the silicon vertex detector will have high occu-
pancy and will be replacedby pixel detectors. Beampipe
heating due especially to Higher Order Modes(HOM) re-
quires that the beam pipe be water cooled. The Central



Drift Chamber is undergoing a modi cation in 2002to
replace the two inner layers with a small cell chamber.
It is expectedto be able to handle superKEK rates. The
CsI(TI) calorimeter is slow and something may needto
be doneto it. The RPCs in the muon system already
suer from ine ciency due to local deadtime and will
probably needto be replaced with wire chambers. The
data acquisition systemwill also have to be upgraded.

The upgrade to 10°° is believed to be feasiblefrom a
machine point of view. The detector will needseweral up-
gradesbut theseappearfeasibleaswell. The physicscase
is basedon the cleanlinessof the signalsand the ability
to study modesthat are very hard to measurein hadron
colliders { modeswhich include °'s and 's. After sev-
eral yearsof running at 10%, the B physics program at
KEK will probably end. A further push in luminosity
would require a new machine con guration and a new
detector and is not in their current plans.

B. PEP-l I/ BABAR Upgrade Plans:
Factory and Sup erBABAR

Super B

PEP-I1 and BABAR expect to achieve an integrated
luminosity of 500fb ! (0.5 ab 1) by around 2005. With
that, they expect to achieve the following errors on the
unitarit y angles and

0:04
0:14

sin2
sin2

(17
(18)

For details of these estimates and a discussion of the
prospects and complications in the measuremeh of
and see [65. Although the combined BABAR and
Belle integrated luminosity will be about 1 ab ! at this
point and PEP-I1 will be delivering about 0.2ab 1/y ear,
a new generation of hadron collider experiments will be
positionedto dominate the study of CP violation andrare
and Standard Model forbidden processesn B decgs. A
recert study hasoutlined a possiblepath for achieving a
luminosity of 10°®cm ?s lin €' e collisions. This corre-
spondsto 10ab !/y earand requiresa new machine con-
guration and a very substartial upgrade of the BABAR
detector, which involvescomplete replacemen or major
revision of many componerts. The goal is to be com-
petitiv e with the next generation hadron collider experi-
ments, at leastin the areaof B4 and B, physics. Because
of the experimental constraints of threshold production
and the low badkgrounds in e*e physics, certain mea-
suremens could be made with this facility that might
not be possibleto do at hadron colliders.

Details of the new machine can be found in the M2
summary elsewherein these proceedings. The machine
could be locatedeither in the PEP tunnel, whereit would
replace PEP-I1, or in the tunnel for the SLC arcs. If lo-
catedin the PEP tunnel, PEP-I1 operation would haveto
stop for about 1 year while the new machine componerts
were installed.
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1. Physics Casefor 10 ab /yr e e Facility

There are a variety of interesting topics which can be
addressedat suc a facility. Theseinclude both precision
tests of the consistency of the Standard Model predic-
tions and discovery of, or sorting out of, new phenomena
beyond the Standard Model. A list of interesting pro-
cessesre:

Improvemert in CP asymmetry measuremets

{ (sin2) 0:01forJd/ Kg

{ sin2 will be measuredwith good precision
in many modeswhich provides an important
consistencyched

{ sin2 (Acp) and sin can be measured

Measuremem of someparticularly challenging two

and three body branching fractions, for example
BO! 0o o

Measuremen of f g to useful precisionto ched lat-
tice predictions

Interesting sensitivity to rare B, D, and decays,
sudh as !

High precisionmeasuremeis of semileptonic decay
distributions, especially the precision measuremen
of Vub-

Thesetopics were studied in the context of a high lumi-
nosity next generation e" e B Factory at the \Beyond
10°** Workshop" [66] in Michigan during June 2000, at
the follow-up sessionat the Fourth International Confer-
enceon B physicsand CP Violation in Ise Shima, Japan
in February 2001[67] and were the focus of an E2 sub-
group at Snovmass[65].

2. Experimental Considerations

Both the rates from the beamcollisionsand from badk-
groundswill be much higher than presen. In particular,
the overall lossrates will be about 1000times the presen
rates. The beam lifetime will be only around 10 min-
utes sothe machine will be lled cortinuously during the
store. At a luminosity of 10%cm 2s 1, there are

50 kHz of Bhabha scatters,
7 kHz of other physicsewerts, and

O( 10kHz) of triggerable machine assiated badk-
ground in the detector acceptance.



3. Detector Issues

Most of the BABAR subsystemswill have to undergo
some modi cation or replacemen to handle the much
higher rates of the new machine. To carry out the pro-
gram, the overall performance,in terms of resolution, e -
ciency, and badground rejection, must be similar to that
of BABAR. The detector must retain its high degreeof
hermeticity aswell. Table VII summarizesthe problems
that a ect current BABAR detectorsat thesehigh lumi-
nosities and indicate possiblesolutions. One concept for
the replacemen detector, a very compact detector based
on ahigh eld solenoid,is shovn in Fig. 19. The solenoid
has a radius of about 0.75mand a eld of 3 Tesla. The
certral vertex detector consistsof two layers of pixel de-
tector and a three layer silicon strip detector. The cen-
tral drift chamber is replaced by a 4 layer silicon strip
tracker, which is much more compact. The combination
of the high eld and the high precision tracking permit
the detector to achieve momerntum resolution compara-
ble to BABAR. The expensiwe electromagnetic crystal
calorimeter has a small radius, which lowersthe cost.

In addition to detector modi cations, afasterand more
selective trigger and a higher speed, higher capacity Data
Acquisition systemmust be implemented. While di cult
comparedto the existing BABAR experimernt, the trig-
gering and data acquisition problem is far lessof a chal-
lengethan must be met at the Tevatron or LHC so this
is not consideredan insurmountable task. Data analysis
will benet from the projected cortinued drop in cost of
computing cyclesand data storage.

There are substartial uncertainties in the detector re-
quirements due to the dicult y in estimating the vari-
ous badkgrounds. It is clearly important to implemernt
a realistic machine lattice and IR designto provide pre-
dictions for the very large backgrounds that will exist at
SuperBABAR, especially badkgrounds due to cortin uous
injection. These studies were foreseenbut had not been
performed at the time of Snavmass.

There are many questions about the cost and avail-
ability of suitable detector technologieswhich will need
to be studied beforethe detector designcan be nalized.
We give four examples. (1) To maintain the vertex res-
olution of BABAR and withstand the radiation erviron-
ment, pixels with a material budget of 0.3% X, per layer
are proposed. Traditional pixel detectors which consist
of a silicon pixel array bump-bonded to a readout chip
are at least 1.0% X ,. To obtain lessmaterial, monolithic
pixel detectors are suggested.This technology has never
beenusedin a particle physicsexperimert. (2) As a drift
chamber cannot cope with the large rates and large accu-
mulated charge, a silicon microstrip tracker hasbeenpro-
posed. At theselow energiestrack parameter resolution
is dominated by multiple Coulomb scattering. Silicon
microstrip technology is well tested but is usually used
at this energyfor vertexing, not tracking. Realistic sim-
ulations needto be performedto establishif momertum
resolution as good as BABAR can be adchieved with the
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TABLE VII: Modications to the BABAR detector for
SuperBABAR.
BABAR SuperBABAR |Reasonfor change
Detector Detector
Silicon Strips |Silicon Pixels |Occupancy
Drift Chamber|Silicon Tracker|accumulated charge
or TPC
DIRC super DIRC Remove water stando box due
to high background Cerenkov
light and replace with new
optics
ECAL CsI(Tl) [new rad hard, |CsI(Tl) has a long decay
crystal time and is not rad hard
IFR(RPCs) scintillators Occupancy

large amount of material presen in the silicon tracker.
If not, we suggesta TPC, possibly readout with a Gas
Electron Multiplier, or MICR OMEGAS, be explored as
an alternativ e to the silicon tracker (3) There is no estab-
lished crystal technology to replace the Csi(Tl). There
are somecandidate materials (seethe SuperBABAR doc-
ument for details) but the most attractiv e have not been
usedin a calorimeter previously. (4) There is no known
technology for the light sensorfor the SuperDIRC.

4. Comparison with Hadron Collider Experiments

Since the goal of the Super B-Factory and
SuperBABAR upgradesare to enablethe e e machine
to compete with future hadron collider experimerts,
it is important to make a realistic evaluation of the
sensitivities of all theseexperiments over a wide range of
nal states. Sud projections are, of course, somewhat
uncertain. The sensitivities of future hadron collider
experimerts have been determined from detailed and
sophisticated simulations of signals and badgrounds.
As these simulations are an approximation to reality,
the performance of LHCb and BTeV may be somewhat
better or somewhatworsethan the simulations predict.
Projections for SuperBABAR are, at this point, mainly
done by scaling from BABAR experience assumingthat
the new detector, which still has many open R&D
issues,will achieve the samee ciency that BABAR now
achieves even though the luminosity will be a factor of
300 higher. More realistic studies needto be performed
beforea full comparsiion between SuperBABAR and the
hadron collider experiments is made.

For both the hadron collider experiments and
SuperBABAR, we assumethe machine can achieve the
desired luminosity, which is reasonably assuredfor the
hadron colliders but lesscertain for the Super B-Factory,
where designhasjust begunand there are many technol-
ogy and acceleratorissues.

With these caveats, Table VIII compares the rate
of tagged B° ! * obtained in one year from
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FIG. 19: Schematic of a Compact Detector Design for SuperBABAR

TABLE VIII: Comparison of the number of tagged B° !
* in SuperBABAR and BTeV

Licm %s 1) B°/107s S/B | D ?[tagged
e'e 10°° 1.1nb[1.1 10®] 0.3 [0.7]0.3| 3600
BTeV| 2 10% 100 b[1.5 10"[0.037/3.0] 0.1 2370

TABLE IX: Comparison of the number of tagged B* !
D°K*;D°! K*  with in SuperBABAR and BTeV (prod-
uct of all branching factions taken asB=1:7 10 7)

Lcm 2s 1) B°/10"s S/B [tagged
e'e 10°° 1.1nb|1.1 10™| 0.5 600
BTeV| 2 10% 100 b|1.5 10" |0.014| 1.0| 300

SuperBABAR and BTeV. Table IX shows the number
of taggedB* ! D°K™*;D°! K* in the two experi-
ments. A comparisonof BTeV, LHCb, BABAR and Belle
in 2005,and the e* e machinesat 10°® and 10% is given
in Table X for sewral states of importance to the study
of CP violation in B decgs. Finally, Table Xl shaws
a comparison of CDF/D0O, BTeV/LHCb, ATLAS/CMS,
BABAR/Belle, and €' e machines at 10°*® and 10° for
\rare decas" of the B mesons.

It is clear that the 10°¢ e e machine can compete
with the hadron collider experiments on many interest-
ing CP violating decays and onrare decagys of B4 and B, .
It should do better on decays involving 's and missing

's sincethe hermeticity and energyconstraints provided

by running at threshold permit oneto establishthe neu-
trino's presencein the event by demonstrating a recoil
mass consistert with zero. While B® !  ° ° may be
barely detectablein seweral yearsof operation at the 10%°
e* e machine, none of the hadron experiments have yet
claimed to be able to obsene this state.

The tables are designedto comparethe €" e machines
with the hadron machinesin the areaswhere the former
are strong. To have a complete picture, one needsto re-
member that the " e machine can do only very limited
Bs physicscomparedto the hadron collider experiments.
In particular, the proper time resolution, of 900 f s,
comparedto better than 40f sfor BTeV, and LHCb, pre-
cludesthe study of time dependen e ects in Bs decays.
This is a strength of the hadron collider experimerts.
The €" e experiments alsodo not have high enoughen-
ergy to study b-baryonsor B, mesons.

V. GIGA- Z MA CHINES

The LEP experiments, running on the Z, were able
to make many important B physics measuremets even
though the luminosity wasonly ~ 10%cm 2s 1. SLD, by
exploiting the ability to polarize the electron beam at a
linear collider, wasableto makesigni cant measuremets
at an even lower luminosity. As plans dewelop to build
a high energy high luminosity €" e linear collider, it is
worth considering whether competitiv e B physics at the
Z can be carried out at thesefacilities [68][69].

The reasonswhy the Z-pole is a good place to study
B physicsare:
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TABLE X: Comparison of CP Read of Hadron Collider Experiments and SuperBABAR. The last column is a prediction of
which kind of facilit y will make the dominant cortribution to ead physics measuremet.

BTeV[LHCb [BABAR] 10 | 10%®
10°s | 10°s | Belle |10’s| 10's
(2005)

sin2 0.011| 0.02 | 0.037 |0.026|0.008[Equal
sin2 0.05| 0.05| 0.14 | 0.1 |0.032|Equal
[Bs(DsK)] 7° Had
[B(DK)] 2° 20° 1-2.5°|Equal
sin2 0.023| 0.04 - - - Had
BR(B! ° 9| - - 20% |14%| 6% |e'e
Vib - - 23% | 1%| 1%|e'e

(sys) | (sys)

TABLE XlI: Comparison of Reach of Hadron Collider Experiments and SuperBABARfor Rare Decays of B, and By Mesons.
Entries are either branching fraction sensitivities, if they have negative exponerts, or signal yields. An ? indicates that the
entry below is claimed to be the best measuremen. The numbersin parenthesesin column 1 are the branching fractions used
in the calculations.

Hadronic Exp B-Factory
Decay Mode CDF BTeV [ ATLAS [[BABAR| 10® 10°°
/DO /LHCb ICMS /Belle

(Br Ratio) 2fb Y 10's (1 year) |[(0.5ab )| (1ab ') |(10ab 1)
B! Xs ? ?
(3.29 0.21 )0.21) 10 4 11K 22K 220K
with B tags 1.7K 3.4K 34K
B! K ?
(3-8) 10° 170/- | 27K/24K 6K 12K 120K
(Acp) 0.01 0.02 0.01 <0.01
B! Xs ?
(41 09) 10° 8 16 160
B! K ?
(5 10 9) 1.5 3 30
B! Xs * ?

(6.0 1.5) 10 ° 7.2K/- 300 600 6K
B! Xse'e ?

(6.0 1.5) 10 ° 7.2K/- 350 700 7K
B! K * ? ? ?
21 10°9 61/60-150|4.4K/4.5K |665/4.2K 120 240 2.5K
B! K e'e 150 300 3K
21 109

B! ° ? ?
(10 ) <10 % [<2 10 ®| <10 ©
Bl * ? ?

Bs (10 9) 5/1.5-6 10/11 9/7

Ba (8 10 1) 0/0 2/2 0.7/20 <10 ® |<5 10 °| <10 °®
B! e'e ? ?
(10 ) <10 ® |<5 10 °| <10 °
B! ?
(5 10 %) 17 34 350
B! ?
(16 10 7) 8 16 150
B°! ?
(10 ® 0.4 0.8 8




The cross section for producing states corntaining
b-quarks is large, 6:6nb;

The signalto bacground is very favorable, 25%;
All speciesof b-hadronsare produced, including B¢
and p;

The B's have a large boost so that time-evolution
studies are possible;

Due to the high boost, the two b-hadrons are well
separatedand separatedfrom the interaction ver-
tex; and

The beamscan be polarized. This leadsto a corre-
lation between b-direction, and the B hadron di-
rection, with respect to the e direction, which
constitutes a highly ecient avor tag. Electron
polarizations of >80% are achievable and it is ex-
pectedthat positron polarizations of 60% can be
obtained.

Eventhough the attainable byield is low comparedto the
hadron colliders or SuperBABAR, these features permit
the extraction of clean, tagged sampleswith very high
e ciency, since all B's are triggered and reconstructed
and tagging is very e cien t. The high e ciency partially
o sets the low producedrates.

Typical designluminosities for an €" e linear collider
designedto run at 500 GeV certer of massenergy are
2-3 10%4. As part of the program of electroveak physics
studiesthat can be doneat thesemachines, there will be
somerunning at the Z, in order to make better measure-
ments of electroveak parameters and to make rigorous
tests of the consistencyof the Standard Model. It seems
to be currently acceptedthat a run that produces 10°
Z's is what is required. At that level of statistics, some
measuremets are already limited by the understanding
of how to make theory corrections while others are lim-
ited by the experimental systematic errors, for example
in measuring the polarization or the certer of massen-
ergy.

Evenwith the lower luminosity, say 5 10°3, expected
at the Z, it would take only 50 days to accunulate 10°
Z's with polarization of 0.8 for electrons and 0.6 for
positrons. This providesa sampleof 4 10° b-hadrons
for studies.

There are plans for a dedicated Z facility assciated
with the high energy collider. Based on the remarks on
electronveak physics, B physicswould have to provide the
justi cation for this. The objective would be to achieve
109 Z's, correspnding to 4 10° B-hadrons. Ta-
ble XI1 comparesthe sin2 read for this facility with
the B-factories and the hadron collider experiments. It
is clear that even 10'° Z's, which takes3-5 yearsto ob-
tain, is barely competitive with one year of data from
BTeV/LHCb or SuperBABAR.

This, howewer, is not the ertire story. There are sev-
eral classesof studies that take advantage of the unique
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TABLE XII: Comparison of the sin2 reach with 10° and

10° Z's
e" e (2005)[BTeV/LHCb [10° Z| 10" Z
10's (3-5 yrs)
sin2 0.037 0.014/0.02 | 0.04 | 0.013

characteristics of b-quark production at the Z. These
include:

Statesthat are polarized, especially b-baryons;

Seartesfor direct CP asymmetriesin rare decas,
such ash! s andb! sI*l ;

Measuremers involving inclusive nal states;

\Missing Energy" modes, sudh asb! s and
B! ; and
Rare Z ! bs + bswhich are expected to be too

small to obsene in the Standard Model.

These classesof deca/s might reveal new physics.
Polarization studies are a casein point. The b quarks
are strongly polarized. It is a prediction of HQET, con-
rmed by experiment, that the polarization survivesthe
hadronization process.OPAL has measured
P =

, 0:56'9:23  0:09 (19)
Thus, the Giga-Z facility can be viewed as a high lu-
minosity,  10%/y ear source of polarized 's. A study
of the angular correlation in ! [70] betweenthe
photon direction and the spin of the | is sensitive to
spin-ip e ects dueto New Physicsbeyond the Standard
Model. In particular, enlargedspin-ip cortributions can
be sizeablein L-R symmetric models or SUSY models
with avor non-universal breaking. The hadronic rare
decy ! alsois a probe of New Physics, although
it is theoretically lessclean. Table XIIl givesa list of
potentially interesting decays modes. There are many
other interesting topics in b-baryon physics that can be
explored.

The casefor a dedicated Giga-Z facility at the Z in
afuture €" e linear collider is just beginning to be dis-
cussedand needsmuch more dewelopmert followed by a
careful assessmenof the cortributions it can maketo the
picture of rare B decays and CP violation.

VI.  CONCLUSION

Factories have a broad program with many unique
and desirable features, but, in the area of rare kaon de-
cays, they are unlikely to have su cien t ux to challenge
the dedicated Fixed Target experimens.

The PEP-N physics program is well-de ned, unique
and timely. This is especially true of the measuremen of



TABLE Xl II: Interesting b-baryon decay modeswhich can be
studied at the Z.
Semileptonic:
b! el

! pl
rare:
radiativ e:
b !
semileptonic:
b ! "1
b !
hadronic:
b !
b l nD 20
inclusive:
b ! Xs

R. Howewer, there was no clear demonstration at Snow-
massthat the required systematic error per point (about
2%) could be achieved. Control of systematic errors
needsto be carefully evaluated before proceeding with
PEP-N.

CESR-c/CLEO-c promises a 400-fold increasein D
mesondata at threshold. The data would provide a cru-
cial and timely validation of lattice QCD, HQET, Ch-
PTHH and other theoretical techniques which are cen-
tral to progressin avor physicsin this decade,and in
the caseof lattice QCD, also a key to addressingstrong
coupling that may be a feature of the physics beyond
the Standard Model that we expect to be discovered at
the LHC. CLEO-c also promises (a) A factor 4-12 im-
provemert in key hadronic branching ratios which will set
the absolute scalefor beauty and charm quark physics.
(b) A signicant improvemen, ( 5 10)in CKM ma-
trix elemen precisionin the charm sector,and ( 2 8)
in the beauty sector in conjunction with data obtained
at experiments with a B physics capability at e"e B-
factories and hadron colliders. (c) CLEO-c hasdiscovery
potential, sincethe experimert is sensitive to new physics
through D mixing, D CP violation and rare decass of
D mesonsand the lepton, and in the searh for new
forms of matter, including glueballsand hybrids. Finally
a exible accelerator, an experienced collaboration and
a high quality detector are already in place, making the
well-de ned three year physics program very attractiv e.

BES/BEPC is currently proposingto upgradethe ma-
chine and detector. BEPC Il would be a two ring ma-
chine with a peak luminosity in excessof 10°3cm ?s 1.
A completely new detector, BES IIl, would be built.
BEPCII/BESI Il would come on line around 2006 and
would accunulate a data sampleone order of magnitude
larger than CLEO-c. The physicsprogram of BES 111 is
identical to CLEO-c. For BES 11l to make a signi cant
impact it is absolutely essetial that the detector be as
good as the CLEO-c detector. If that can be achieved,
the signi cantly larger luminosity of BEPCI | over CESR-
cis likely to be a considerableadvantage for new physics
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reach. For CKM physics, theory will have to sharpen
for the larger statistics of BES Ill to be usedto full ad-
vantage. Hall D at TINAL, coming on-line in 2006,and
CLEO-c have someoverlap but there is also complemen-
tarit y. CLEO-c is focusingon gluerich statesand vector
hybrids both light and heavy. Hall-D is focusedon states
with exotic quantum numbers. There is also a proposal
from the GSI acceleratorin Germany for a High Energy
StorageRing (HESR) for antiprotons. The charmonium
studies this machine will allow are likely to be comple-
mentary to CLEO-c.

The two asymmetric B-factories, PEP-I1 and KEKB,
have achieved reliable operation at high luminosities
of a few 10%3cm 2s ! in a remarkably short time.
Both machines have plans for incremertal upgrades
which ewventually are expected to produce luminosities
of 10%°cm 2s !, which correspnds to 10° B pairs per
year. These asymmetric super B-factories have signi -
cant advantageswith respect to hadron collidersin terms
of © detection e ciency, reconstruction and generally
smaller badkgrounds. In this report, as an example of
what can be adhieved by a long run at 10%cm 2s 1,
we discussedonly the super KEKB/Belle upgrade. The
PEP-I1 analog hasidentical physicsread. (For PEP, we
concerrated SuperBABAR with a design luminosity of
10%%cm ?s 1)) The high statistics of a 10°°cm 2s ! su-
per B-factory allows signi cant numbers of B mesonsto
be tagged by full reconstruction, and this permits many
signi cant physics studiesto be performed especially in-
volving nal stateswith a neutrino suc as semileptonic
b! u transitions to determine Vy,, leptonic deca/s and
electroveak penguins. The KEKB machine upgrade is
believed to be feasible. Operation at 10 will produce
signi cantly higher badkground rates in Belle which will
lead to larger occupancy Accordingly, the detector will
needseeral upgradeswhich we judge to be feasible. Af-
ter sewral years of running at 10°°, the B physics pro-
gram at KEK will probably end. A clear consensusvas
readed in the E2 group that an €" e B-factory operat-
ing at 10% would not be competitiv e with experimerts at
hadron colliders speci cally LHCb/BT eV/A TLAS/CMS
coming on-line around 2007. This view is also held by
the proponerts of the KEKB/Belle upgrade.

The Super B-factory is a new continuous injection
e* e collider that would operate in the PEP-II tunnel
or the SLC arcs at a luminosity of 10°cm 2s 1, a fac-
tor 300 more than PEP-Il achievestoday. It has been
proposedspeci cally to be complemenary to the hadron
collider B experiments as a precision probe of the con-
sistency of the avor changing sector of the Standard
Model and in seardesfor New Physics. Occupancyand
machine badgrounds will probably require the replace-
ment of the ertire BABAR detector. The detector design
is challenging, raising many dicult R&D issues. As-
suming detector e ciency could be maintained at suc
a high luminosity, we estimate that SuperBABAR would
be complemenary to LHCb/BT eV for rare decays of By
and B, mesons,superior for decays with 's, and com-



petitiv e for decays with a °,or . It accuracywould be
comparablefor the angles , and but not . Com-
pared to hadron collider experiments, the Bs program
would be limited by the complications of operating at
the (5 S), and becauseof much poorer proper time res-
olution. There would be no  or B¢ physics.

The sensitivities of future hadron collider experiments
have been determined from detailed and sophisticated
simulations of signals and badkgrounds. As these sim-
ulations are an approximation to reality the expected
performanceof LHCb and BTeV may be somewhatbet-
ter or somewhat worse than the simulations predict.
Projections for SuperBABAR are at this point mainly
done by scaling from BABAR experience assumingthat
the new detector, which still has many open R&D is-
sues,will achieve the samee ciency that BABAR now
achieves even though the luminosity will be a factor of
300 higher. More realistic studies needto be performed
before a full comparison between SuperBABAR and the
hadron collider experiments is made. It is alsoimportant
to quickly implement a realistic machine lattice and IR
designto provide predictions of the very large machine
badkgrounds that will exist at SuperBABAR, especially
badkground due to cortinuous injection. If badkgrounds
prove tractable, and detector simulations support the
simple scaling from BABAR experience, an R&D pro-
gram on the machine and detector should be initiated.

The casefor a dedicated Giga-Z facility at a future
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e* e linear collider is just beginning to be discussedand
needsmuch more dewelopmert followed by a careful as-
sessmen of the cortributions it can make to our under-
standing of rare B decas and CP violation.

In conclusion,e* e collidersat low energyhave played
an important role in the developmernt of our understand-
ing of a vor physics, non-peturbative QCD and radiativ e
corrections. Today the Fixed Target hadron experiments
appear to be the best way to addresskey measuremets
in kaon physicsinvolving rare decas. Electron positron
colliders have a unique role in the measuremn of R, and
arecomplemernary to hadron colliders asa probesof non-
peturbative QCD, and charm and beauty a vor physics.
The physicsis more important than the method used. It
would be prudent to carefully evaluate the merits of both
hadron colliders and e* e colliders for ead application
at ead stagein our quest, only ruling out one approac
when it clearly fails. In these areas, competition, com-
plemertarit y, and even someredundancy have proven to
important to ultimate progress.
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