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Abstract

This article reviews six new, proposed, or upgraded accelerator facilities in the
United States and Canada. All of the accelerators that are presented here in one
form or fashion challenge the validity of the Standard Model of high energy
physics which "currently explains" all experimentally
know phenomena. These
facilities include the Continuous Electron Beam Accelerator Facility (CEBAF) at
Newport News, Virginia, the Kaon Factory at TRIUMF in Vancouver, British
Columbia, Canada, the Asymmetric B Factory at the Stanford Linear Accelerator
Center (SLAC) in Palo Alto, California, the Relativistic Heavy Ion Collider
(RHIC) facility at Brookhaven National Laboratory in Upton, New York, the
injector upgrade project at:the Fermi National Accelerator Laboratory (FNAL) in
Batavia, Illinois, and the Superconducting Super Collider Laboratory (SSCL) in
Waxahachie, Texas.

I.

Introduction

When I was first approached to give an overview of the new, proposed, or
upgraded accelerator facilities in the United States and Canada, I was somewhat
overwhelmed
by the task. Accelerators that used to be totally limited to physics
laboratories are now in common use all over North America and the world.

_-

-

Electron accelerators of the '20s and '30s are now in use in every television set in
the country. Proton accelerators of the '50s and early '60s are now being built in
hospitals for cancer therapy. Other accelerator types are being used for oil and
gas exploration, welding inspection, and light sources. The application of these
high-tech toys seems unlimited. Therefore, in order to limit my presentation to a
reasonable time limit, I plan to concentrate on accelerator facilities which have or
will have a direct effect on the understanding
of high energy physics
phenomena.
This means I will not be discussing
the Los Alamos Meson
Production Facility (LAMPF) at the Los Alamos National Laboratory (LLNL)
which has future potential as an Accelerator Transmutation of Waste (ATW)
fadlity or the Oak Ridge Electron Linear Accelerator (ORELA) at the Oak Ridge
National Laboratory (ORNL) which has future potential as a positron source for
materials studies.
I will be concentrating on the following facilities:
the
Continuous
Electron Beam Accelerator Facility (CEBAF) at Newport News,
Virginia, the Kaon Factory at TRIUMF in Vancouver, British Columbia, Canada,
the Asymmetric B Factory at the Stanford Linear Accelerator Center (SLAC) in
Palo Alto, California, the Relativistic Heavy Ion Collider (RHIC) facility at
Brookhaven National Laboratory in Upton, New York, the injector upgrade
project at the Fermi National Accelerator Laboratory (FNAL) in Batavia, Illinois,
and the Superconducting
Super Collider Laboratory (SSCL) in Waxahachie,
Texas.

To understand why these facilites are being built or upgraded, their purpose and
importance within the framework of the Standard Model will be explained. In
addition, general specifications such as beam energy and intensity, cost, size, etc.
will also be given. Since the detectors and the facilities are intimately connected,
a brief description of these devices will also be presented.

II.

The Standard Model of High Energy Physics

High energy physics tries to answer the following two questions: What are the
fundamental particles? and what are the forces acting between these particles?
Because of the knowledge gained at accelerator facilities during the last 25 years,
a model which describes all experimentally
known high energy physics
phenomena has been developed. From this model, a set of elementary particles
has been defined. These are given in Table 1. The elementary particles are
represented by three families of quarks and leptons (and their anti-particles).
The forces between these elementary constituents of matter are carried by the

Table 1. The Standard Model
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There are three "generations" of QUARKS

(:)

(:)

There are also three "generations"

of LEPTONS

The forces between these elementary constituents

of matter

are carried by:
Electroweak:
Nuclear:

-

(W + , W -)

( ?',Z°)

8 "gluons"

W"J:,Z °, and gamma ray for the electroweak force and by 8 gluons for the nuclear
force. All of the elementary particles except the top quark have been established
by experimental data. Obviously, this particle will receive attention at one or

more of the facilities discussed in this paper. If the top quark is not found the
standard model can not be the final model of matter.
Even though the quarks make up matter, for example, a proton (charge = 1) is 2
ups (charge 2 x 2/3) and a down (charge 1 x - 1/3) quark, these particles appear
not to exist separately, that is, for any long time (>10 -25 sec) or over long
distances (>10"29cm). However, it may be possible that with enough energy in a
small volume a phase change can occur and a quark-gluon plasma may result.
This is another area of interest and is actively being investigated.
Since the universe appears to be composed of mostly matter and not antimatter, a
mechanism must exist that favors the production of matter. This favoritism for
matter can possibly be explained through CP violation which is predicated by the
Standard Model. Since nature loves symmetry, one would expect antiparticles to
behave exactly as their counterparts. However, this does not seem to be the case
and experimentally
this behavior has been observed in kaons. There are other
particles which should exhibit similar behavior (particles containing the bottom
quark, for example) but experimentally this area of the Standard Model has not
been investigated but is now actively being pursued.
An additional topic that can have a changing effect on the standard model deals
with compositness; i.e., does the quarks or leptons have internal structure
indicating that there is additional physics to be discovered.
If structure is
detected,
there must be more fundamental
particles than those currently
considered.
Any or all of the above areas are of current interest and knowledge gained in any
of these areas can have a profound effect on the understanding and validity of
the Standard Model.

III.

The Facilities

A.

The Continuous

Electron Beam Accelerator

Facility (CEBAF)

CEBAF has been under the planning and construction phase for about 10 years.
This one half billion dollar project should start its physics program during the
latter parts of 1994 or early 1995. A layout of the facility is given in Fig 1. The
facility, as the name implies, provides a continuous 4 GeV electron beam into
three experimental areas. The machine is configured (see Fig. 2) around a 45
MeV injector and two 0.4 GeV linacs. At the end of each linac are recirculation
magnetic arcs which allows each electron packet 10 passes through the linacs
giving the electrons the final 4 GeV in energy.
The CEBAF scientific purpose is very diverse and many experiments are planned
for this facility. Some of the physics areas that are to be covered include how
3

quarks and gluons make up protons and neutrons, the origin of the nuclear force,
nuclear structure when the nucleons are very close together, and the discovery of
new forms of strongly interacting matter, e.g., gluonic excitations, string nuclear
matter, etc.
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Three simultaneous complementary experiments can be carried out in the three
experimental halls. The detector layout that is being built in Hall C is shown in
Fig. 3. Following the collision of the electron with the nucleus, the high
momentum spectrometers bend the produced charged particles into the various
detectors.
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Fig. 3. Experimental

Apparatus in Hall C at CEBAF.

B.

The Kaon Factory at TRIUMF

The technical challenge for the Kaon Factory is to first produce a primary 30 GeV
proton beam of world class intensity. This beam will be used to produce a high
intensity beam of kaons and other particles, in particular, pions, antiprotons, and
neutrinos. To obtain the 30 GeV proton energy, a new system of accelerator rings
will boost the energy in two steps, first to 3 GeV and then to 30 GeV. This facility
and the layout of the accelerator configurations are illustrated in Figs. 4 and 5.
There are five rings used to raise the protons to their final energy. Two rings, the
Booster and Driver are used to raise the energy while the other three are used to
prepare the beam for acceleration or, at the end, for extraction. The estimated
cost in 1989 dollars for the Kaon Factory was estimated to be $693M.

\

Fig. 4. Aerial View of the Proposed

Kaon Factory. at TRIUMF
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Fig. 5a. Proposed

layout of the accelerators and cross-sections
through the tunnels
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Fig. 5b. Five Rings of the KAON Factory (1 - Injector Cyclotron;
A - Accumulator; B - Booster; C - Collector; D - Driver;
E- Extender

The type of physics to be carried out at the Kaon Factory are summarized in
Table 2, One of the main reasons for producing a high intensity kaon beam is to
study rate decays in the K° and K"J:systems.
_
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Table 2. KAON Factory Physics- Opportunities and Requirements
-

Rare Decays ...............
CP Violation
Neutrino Physics
Meson Spectroscopy
Baryon Spectroscopy
Kaon-Nucleon Scattering
Kaon-Nuclear Reactions
Hypernuclei
Spin Physics
Antiproton Physics
Low Energy Muon Physics

K°, stopping K+
few GeV/c K°
1-2 GeV neutrinos
beam stop neutrinos
8-15 GeV/c K+
up to 20 GeV/c _:t:
0.5-2.5 GeV/+c _±
1-6 GeV/cK _
0.3-2.5 GeV/c K+
0.3-1.0 GeV/c K±
0.3-2.5 GeV/c K±
1.0-1.5 Gev/c _±
3-30 GeV/c
0.5-10.0 GeV/ c
........ Low Energy la+
,

....

The experimental halls for these experiments are shown in Fig. 6. The halls are
labeled Kxx indicating the maximum Kaon energy that can be analyzed.

Fig. 6. Experimental Hall and Beamlines
f

Unfortunately, the Kaon Factory has for the moment been canceled and no future
date has been proposed for its rebirth.

C.

Asymmetric

B Factory At the Stanford Linear Accelerator Center (SLAC)

The SLAC was built during the '60s to be a premier electron accelerator facility.
Its initial goal was to determine internal structure of hadrons. During the years
SLAC has evolved and is currently being operated as a linear collider to produce
Z% which are analyzed by the SLD detector. The latest upgrade for SLAC which
is called the Asymmetric B Factory (PEP-II) deals with the production of Bmesons or those particles which contain the bottom quark. The cost of the
upgrade is ~$120M. PEP-II will collide asymmetric energy beams (9 GeV e" on
3.1 GeV e +) to produce a CM energy of about 10.5 GeV. This amount of CM
energy will allow for the production of about 108 per year heavy-flavor particles,
for example, bottom quarks, charm quarks, and tau leptons.
The physics
program is centered about understanding
the origin of CP violation.
This
particular study requires the production of a very large number of neutral B
mesons from which very precise measurements of the decay of these mesons can
be obtained.
Presented in Fig. 7 is a schematic of the B-Factory upgrade. The damping; ring is
used to tighten the spatial structure of the electrons and positrons which
increases the interaction rate when the electron and positron beams collides. Part
of the electron beam is diverted into the positron source to produce the positrons.
The main upgrades to produce
PEP-II include the addition of the two

Fig. 7. Layout of the SLAC/PEP-II Facility

new storage rings within the existing PEP tunnel to accommodate the electron
and positrons and the addition of a new detector designed specifically to detect
CP violation.
The asymmetric B Factory is the right machine for a program of CP violation
because of many factors. The production of I313from the %(4S) decay represents a
large fraction of the total cross section at 10.5 GeV (CM energy); the number of
particles produced in the a-B decay is small; and the asymmetry of the machine
increases
the B meson lifetime in the laboratory
allowing for a better
measurement of the decay vertex.
The detector that is being designed for PEP-II is given in Fig. 8. This is a typical
detector for colliding beams and is comprised of a central vertex detector
surrounded by an outer tracker and particle ID detector. These components are
followed
by the electro-magnetic
(EM) calorimeter,
the magnet, and an
instrumented
magnet flux return. The hadronic calorimeter is represented by
combining the data from the EM calorimeter and the instrtJrmented flux return.
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Some of the technologies currently being considered for the components of the
detector are for the vertex detector, silicon strips; for the main tracking chamber,
straw tubes, i.e., proportional wire chambers in a straw tube configuration; for
the particle ID, ring imaging Cerenkov detectors; for the EM calorimeter, CsI,
and for the instrumented flux return, resistive plate counters. The choice for the
magnet, i.e., regular or superconducting, has not been made.
The PEP-II project has been approved for construction
set for 1998-1999.

D.

The Relatvistic Heavy Ion Collider

and the completion

date is

(RHIC) Facility

The RHIC facility located at the Brookhaven National Laboratory will be a
world-class facility to study the potential formation of the quark-gluon plasma.
Quantum Chromodynamics (QCD) predicts that ordinary nuclear matter can be
transformed into a new state of matter composed of quarks and gluons by
colliding two heavy nuclei at high energy. This small hot denser state of matter
should represent the state of the universe immediately after the "Big Bang".
Construction began in January, 1991 with commissioning expected in early 1999.
A major part of the construction
of RHIC is the production
of the
superconducting
magnets of which about 1700 are needed.
A view of the RHIC facility is given in Fig. 9 and shows many of the older
facilities like the Alternating Gradient Synchrotron (AGS) which are used as
injectors into the main RHIC ring. The heavy ions originate in the Tandem Van
deGraaf, proceed into the booster, and then to the AGS before injection into the
main RHIC ring. Proton beams can also be accelerated but start at the 200 MeV
linac. In the main ring, two experimental areas are planned where the beams will
be brought together for collision. The maximum energy of the beams vary from
268 GeV for protons to 108 GeV/nucleon
for Au. The cost of the facility is -$1
Billion dollars, if one includes infrastructure that was already in place.
One of the detectors, PHENIX, that is being built for use at RHIC is shown in Fig.
10. This detector is designed to be sensitive enough to detect changes in
production of various particles which would signal the formation of the quarkgluon plasma. For e×ample, an increase in the production level of photons above
100 MeV and a decrease in the production level of J/vs would signal the onset of
the formation of the quark/gluon
plasma.
There are two large magnets
associated with this detector, the central magnet used in the tracking and the
muon magnet in addition to the standard components of a collider detector. The
asymmetry of this device is due to a lack of funds. The collaboration building
this detector consists of over 300 scientists, engineers, and graduate students
from over 40 international institutions.
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E.

Injector Upgrade Project at Fermi National Accelerator Laboratory (FNAL)

FNAL was planned and built during the late '60s and early '70s with the
dedication occurring in May, 1974-. The facility then was primitive compared to
the current status. FNAL started off as a fixed target facility with a maximum
energy of 200-GeV. Today FNAL is the most powerful hadron accelerator facility
in the world offering I TeV protons on I TeV antiprotons or 2 TeV in CM energy.
Five separate accelerator systems comprise the FNAL tevatron. These are the
Cockcroft-Walton (750 keV), the linac (200 MeV), the booster (8 GeV), and the
main ring (150 GeV), and the Tevatron (I TeV). The main ring and tevatron are
located in the same tunnel. The mission of FNAL is to discover the top quark
and to test various aspects of the standard model. An aerial view of the complex
is given in Fig. 11 and shows the construction associated with the upgrade of the
injector.

Fig. 11. Aerial view of FNAL showing the location of
the new injector ring (bottom).
13
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In order to carry out its mission the luminosity of the machine must be increased
by at least factors of 3 to 5. The reason for this deals with the production of
particles which have very small cross-sections
at a CM energy of 2 TeV, for
example, the top quark (if it exists). Under current operation only 1-2 of these
particles might be produced within a year. However, with the higher luminosity
and therefore higher interaction rate more particles can be produced thereby
allowing more confidence in the analysis of these particles.
The cost of the
upgrade will be ~$150M.
Two detectors are currently in use at FNAL, CDF and DO. Both detectors will be
upgraded to handle the higher luminosity.
Paramount to this upgrade will be
the development of better tracking systems.
A picture of the CDF detector is
given in Fig. 12. Part of the detector has been moved back to allow access into
the central tracking volume.
The electromagnetic and hadronic calorimeters,
which are surrounded on the outside by the muon chambers, can easily be seen
in this picture. The detector has over 100,000 individual data elements and
weighs 4,500 tons.

Fig. 12. CDF Detector at FNAL
14

FNAL has already announced that the current experiments associated with the
CDF and DO detector will end during the latter part of this decade and Letters of
Intent (LOI) have been requested for B physics and CP violation research similar
to that at PEP-II and the Kaon Factory. However, this research will utilize a
hadron coUider that will be at a much higher energy.
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Superconducting

Super Collider Laboratory (SSCL)

The SSCL project was indeed a super project from all considerations: the size, the
number of people, and, unfortunately, the cost. The SSC was determined by the
high energy physics community to be the next quantum leap forward for high
energy physics. The laboratory which was to be built south of Dallas, Texas was
unfortunately canceled by Congress during the latter part of 1993. This collider,
like FNAL, consisted of several acceler_.ors ranging in energy from keV to 600
MeV to 8 GeV to 100 GeV to 2 TeV to 20 TeV. The machine was to provide 20
TeV protons on 20 TeV protons for a total CM energy of 40 TeV, a factor of 20
times that at FNAL.
In addition,
the luminosity
was ultimately to be
approximately
a factor of 50 larger than that at FNAL. The main ring had a
circumference of 90 km and would contain approximately 8000 dipole and 2000
quadrupole magnets. The total cost of the project was -$10 Billion. Presented in
Fig. 13 is a footprint of the accelerator tunnel showing the enormity of the final
ring.
The physics reasons for building the SSCL were well founded and could have
lead to the discovery of new physics. In particular, the SSCL was to find the top
quark or to refine the knowledge about it, to search for quark substructure, and
to search for the Higgs particle. The standard model needs the addition of the
Higgs field so that particles can obtain mass.
A drawing of the SDC detector showing the various components and one with it
positioned in the experimental hall are given in Figs. 14 and 15. The large size of
the detector is obvious by looking at the size of the individuals shown.
As with all of the accelerators described here technology development
and
transfer is an important aspect.
All accelerators and detectors lead to the
development
of superconducting
magnets, fast electronics, radiation resistant
materials
and electronics, large data storage capabilities,
and fast smart
computers.
With the SSC the development
of the above was an absolute
necessity. Never before in high energy physics was the data-rate or the radiation
field within the detector this large this high. Materials which had previously
been used in other detectors would last only a day or so in an SSC detector.
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