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Abstract 

Tunnel construction and accelerator component develop
ment, assembly, and testing are under way at the Continuous 
Electron Beam Accelerator Facility. CEBAF's 4-GeV, 200-JlA 
superconducting recirculating accelerator will provide cw beam 
to simultaneous experiments in three end stations for studies 
of the nuclear many-body system, its quark substructure, and 
the strong and electroweak interactions governing this form of 
matter. Prototype accelerating cavities, assembled in cryostats 
and tested on site, continue to exceed performance specifica
tions. An on-site liquid helium capability supports cryostat 
development and cavity testing. Major elements of the acceler
ator instrumentation and control hardware and software are in 
use in cryogenics, rf, and injector tests. Prototype rf systems 
have been operated and prototype klystrons have been ordered. 
The initial, 100-keV, room-temperature region of the 45-MeV 
injector is operational and meets specifications. CEBAF's end 
stations have been conceptually designed; experimental equip
ment conceptual designs will be completed in 1989. 

Introduction 

In February 1987, construction began on the Continuous 
Electron Beam Accelerator Facility (CEBAF) in Newport News, 
Virginia.! CEBAF will be an electron accelerator facility for nu
clear physics research providing continuous beams with energies 
between 0.5 and 4 GeV and currents up to 200 JlA. CEBAF's 
purpose is to study the structure of the nuclear many-body 
system, its quark substructure, and the strong and electroweak 
interactions governing the behavior of nuclear matter. This 
requires electron beams of sufficient 

• energy to provide the kinematic flexibility required to study 
the transition region, 

• intensity (current) to allow precise measurement of rela
tively small electromagnetic cross sections, 

• duty factor to allow coincidence experiments, 
• beam quality to allow high-resolution experiments. 

'1 II is combination of characteristics-high energy, high current, 
high duty factor, high beam quality-makes CEBAF a uniquf' 
tool for nuclear physics research. 

Performance objectives are: 

Energy E 
Beam current 
Duty factor 
Emittance 
Momentum spread 
User multiplicity 

0.5::; E ::; 4.0 GeV 
I::; 200 JlA 
100% 
f "" 2 . 10-9 mrad 
aEIE = 2.5 .10-5 

3 beams 

The 200-JlA total output current can be distributed in 
controllable ratios between three end stations. The emittance 
is unnormalized and refers to the full beam size, i.e., a; 
~fx.Bx. The value of f = 2.10-9 mrad at 1 GeV is equiv
alent to fN "" 10-6 mrad in storage ring terminology (i.e., 
a; = fN,x1.Bx). Due to various emittance-degrading effects the 
normalized emittance is not quoted; f < 2.10-9 mrad at E > 
1 GeV is neither precluded nor guaranteed. 

Design Rationale, Performance Objectives, 
Concept, and Fundamental Choices 

A true cw device is the approach of choice to produce a 
high-quality continuous beam. Low peak current for a given av
erage current lowers emittance, and continuously operating rf 
systems can be controlled more precisely in both phase and am
plitude, thereby leading to smaller energy spread and smaller 
variations of average energy. The conceptually simplest ap
proach would be a straight linac, and the most mature tech
nology that of room temperature rf structures operating in the 
range of 1500 to 3000 MHz. This approach, however, leads to 
excessive power consumption (~100 MW for Ge V-range beams) 
and high capital cost. At a gradient of 5 MV 1m, assuming cav
ity Q-values in the 109 range and cryogenic plant efficiencies 
of ~ 10-3 , total power dissipation for a superconducting linac 
translates into wall plug power of a few kW 1m of accelerating 
structure. This lowers power consumption into a more realistic 
realm, but even then a straightforward superconducting linac 
of 4 Ge V would not be the most effective approach in terms 
of either operating costs or initial capital expense. A last op
timizing step is accomplished through recirculation, i.e., the 
repeated passing of the beam through the same accelerating 
~f'ction. 

The CEBAF Recirculating Linac Concept Figure 1 illustrates 
schematically the CEBAF recirculating linac concept. Four
pass recirculation was originally chosen in 1985 as being close 
to the cost minimum and of acceptable complexity. In spring 
1988, however, reevaluation of the cost and complexity issues 
resulted in a change to five-pass recirculation. Total accelerator 
circumference is minimized by splitting the acceleration struc
ture into two equal segments located in the straight sections of 
the racetrack configuration. 

*This work wa.s supported by the U.S. Department of Energy under contract DE-AC05-84ER40150. The 
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Figure 1 Schematic diagram of the CEBAF superconduct
ing, five-pass recirculating linac. The cutaway of a straight 
section of tunnel shows 1~ cryomodules. Four cryounits, each 
containing a cavity pair, comprise each cryomodule. Cryounits 
are fed rf power alternately in a right-left-left-right pattern. 

The beam transport lines in the arcs connecting the two 
linac segments are achromatic and isochronous, provide match
ing in all phase space coordinates, and are designed with ad
equate bend radii and strong focusing to minimize quantum 
excitation to preserve the high beam quality. 

The entire machine is operated in true electron linac mode, 
i.e., with the particle bunches "riding the crest" of the sinu
soidal rf wave shape without longitudinal focusing, relying on 
the extreme relativistic motion of the electrons. 

Fundamental Design Choices Among the fundamental choices 
in the design of a large recirculating linac in addition to the 
number of recirculations are rf frequency and the average ra
dius of the recirculating arcs. 

Given the complex and exacting nature of the supercon
ducting cavities, the long development time for each of today's 
successful examples, and the potential schedule impact of de
partures from proven design, the choice of frequency further
more implies the choice of a very specific design. CEBAF's 
adoption of the 1500-MHz Cornell design rested on the avail
ability of a proven design and on the acceptability of a 500-
MHz time structure (1500 MHz split three ways) for the nuclear 
physics experiments. 

The radius of the arcs is determined by the maximum en
'~',y and the expected beam quality, i.e., by how much degra
dation due to synchrotron radiation is tolerated. With many 
leaders in the nuclear physics community discussing the po
tential experimental opportunities in the 10- to 20-GeV range, 
CEBAF sought to make no design choices that would preclude 
later upgrade to such energies. The arcs were therefore laid 
out, loosely packed with dipoles, such that by installation of a 
more tightly packed lattice with larger magnetic radius, beams 
in that energy range could be transported with satisfactory 
degradation of emittance and momentum spread. 

The CEBAF Design: Systems Highlights 

Table 1 summarizes the CEBAF accelerator parameters. 2 

Table 1 
Design Parameter List 

CEBAF Superconducting Radio-Frequency CW Linac 

Beam characteristics 

Electron energy E 
Average current 
Transverse emittance (95%, 1 GeV) 
Energy spread (95%) 
Duty factor 
Simultaneous beams 

Linac parameters 

Concept 

Number of passes 
Number of linac segments 
Maximum energy gain per pass 
Recirculation time per pass 
Focusing 
Phase advance per cell (pass 1) 
Half-cell length 
Cavities per half-cell 
Half-cells per segment 
Vacuum (before cooldown) , 

Cavity parameters 

Type 
Frequency 
Electric length 
Shunt impedance (r / Q) 
Design gradient 
Design Qo at 2 K, 5 MV /m 
Typical HOM Qexternal 

Clear aperture 
Transverse HOM Z"T 2 /Q 
Loaded Q (fundamental mode) 

0.5 ::; E ::; 4.0 GeV 
200 JiA 
2 x 10-9 mrad 
1 x 10-4 

100% (cw) 
3 

Superconducting cw 
recirculating linac 

5 
2 

0.8 GeV 
4.2 JiB 
FODO 
1200 

9.6 m 
8 
20 
10-9 Torr 

Superconducting 
1497 MHz 
0.5 m 

960.00/m 
5.0 MV/m 
2.4 x 109 

103 to 105 

70 mm 
::; 16.4 x 104 O/m3 

6.6 x 106 

Superconducting structures rf system 

Number of klystrons 338 
Klystron power rating 5.0 kW 
Phase control < 10 

Gradient regulation <10- 4 

Injector parameters 

Gun energy 
Injection energy 
Current (cw) 
Transverse emittance 

(at 0.1 MeV) 
Longitudinal emittance 
Bunch length at 45 MeV 
Pulse capability 

Recirculation arc beamlines 

Number 
Magnetic radii 
Phase advance per period 
Periods per arc 

0.10 MeV 
45 MeV 
200 JiA 

1 mm·mr 
< 15 11" ke V . degrees 
<1.0 0 

0.05 to 10 Jis 

9 
5.1 to 30.6 III 
211"(5/4) 
4 
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Cryogenic system 

Total rf load (2.0 K) 
Total heat load (2.0 K) 
System capacity (2.0 K) 
Total heat load (45 K) 

2050 W 
2700 W 
4800 W 
8000 W 

Injector The injector provides a high-quality electron beam 
that is sufficiently relativistic (nominal 45 MeV) to stay in 
phase with the rf and the recirculating electron beams in the 
first half of the linac. The bunching, capture, and initial ac
celeration (up to 0.5 MeV) regions utilize room-temperature 
technology and are modeled after proven injector designs. This 
beam is further bunched and accelerated to just over 5 Me V in 
two five-cell superconducting cavities in a short cryostat, and 
then accelerated in two full-sized cryomodules to the required 
45 MeV before injection into the linac. At the nominal injection 
energy of 45 MeV, total phase slip (with respect to a reference 
particle moving at f3 == 1) is less than 2°, through five passes, 
most of which occurs in the first half of the first pass through 
the first segment. 

The entire injector up to 5 MeV has been modeled with 
P ARMELA, a two-dimensional particle simulation code that 
calculates phase and radial properties, including space charge 
effects, for an electron beam. Calculations indicate that a 
bunch of less than 1° phase angle at 1.5 GHz and 20 keV full 
width should be obtained at the exit of the injector. The in
jector enclosure has been designed to accommodate two elec
tron guns so that in the future both polarized and unpolarized 
beams can be provided. 

Acceleration Systems: Cavities, Cryogenic System, and RF 
System The five-cell, 1497-MHz, elliptical cavities (Figure 
2) developed at Cornell University and adopted for CEBAF 
provide suitable frequency, gradients in excess of 5 MV 1m in 
laboratory and beam tests, damping of HOMs, and technical 
maturity, i.e., readiness for industrial prototyping and produc
tion. The cavities operate in the 71" mode, and have a fun
damental coupler on the beamline at one end and an HOM 
(higher order mode) coupler on the beamline at the other. The 
elliptical shape yields low peak surface electric fields, a good 
chemical rinsing geometry, and good mechanical rigidity. The 
HOM coupler has two orthogonal waveguides for extraction of 
HOMs . HOM Q's are typically in the range of 500 < QH OM < 
170,000, which represents five orders of magnitude of damping. 
Each Iinac segment contains 80 m active length in the form 
of 160 cavities providing 0.4 Ge V energy gain per segment at 
a gradient of 5 MV 1m. Eight cavities are combined in each 
cryomodule, each of which is connected to its neighbor by a 
warm section containing beam vacuum pipe, vacuum equip
ment, beam monitors, and magnetic elements (quadrupoles and 
steering dipoles) to focus and guide the beam-

Figure 2 A CEBAF-Cornell cavity pair. 

The operating temperature was selected on the basis of a 
cost optimization study. Liquid helium refrigeration systems 
become more expensive (capital and operating costs) as their 
design temperature decreases. Yet rf heat losses in the cavi
ties increase exponentially with temperature. For CEBAF the 
optimum is around 2.0 K. 

The cryogenic system for CEBAF consists of a 4.8-k W 
central helium refrigerator and a transfer line system to sup
ply 2.2-K, 2.8-atm helium to the cavity cryostats, and 38-K 
-helium at 4.0 atm to the radiation shields. The 2.2-K helium 
is expanded by Joule-Thompson (JT) valves in the cryostats, 
yielding 2.0 K at 0.031 atm. The central helium refrigerator 
will be located in the center of the CEBAF racetrack with the 
transfer lines located in the linac tunnels. 

The superconducting structures rf system consists of 338 
individual rf amplifier chains (Figure 3). Each superconduct
ing cavity is phase-locked to the master drive reference line to 
within 1 0, and the cavity field gradient is regulated to within <1 
part in -104 by an rf control module. Continuously adjustable, 
modulo-360° phase shifters are used to generate the individ
ual phase references, and a compensated rf detector is used for 
level feedback. The close-coupled digital system enhances sys
tem accuracy, provides self-calibration, and continuously checks 
the system for malfunction. Calibration curves, the operating 
program, -and system history are stored in an on-board elec
trically erasable programmable read only memory (E2PROM). 
The rf power is generated by a 5-k W, water-cooled, permanent
magnet-focused klystron. The klystrons are clustered in groups 
of eight and powered from a common supply. 

Local 
Computer 

Select: 
On/Off 
Gradient 
Phase 

Monitor: 
Status 
Gradient 
Phase 

Feedback 

RF 
Control I------c=-::--,--:--_p 

Data Module 

Figure 3 Schematic of rf system. 

Energy spread and deviation of central energy from nom
inal operating value depend on control of bunch length from 
the injector, as weII as of phase and amplitude of the acceler
ating field. With 320 cavities in the linacs, careful distinction 
between correlated and uncorrelated errors is necessary. It was 
found that some tolerances for the individual control modules 
can be reduced if a feedback loop for overall amplitude, based 
on beam measurements in a high-dispersion section of the lat
tice, is used. Requirements still remain stringent with maxi
mum uncorrelated rms errors of a few 10-4 in voltage and at 
most a few degrees in phase. Correlated rms errors must be 
kept to below 2.2.10-5 in amplitude and 0.24° in phase. 
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Over the entire planned current range, -0 to 200 p,A, gra
dients up to -10 MV /m can be achieved with 5 kW incident 
power. At the chosen QL of - 6.6.106 a perfect match exists 
for 160 p,A (through five passes) at 5 MV /m, and a good match 
at 10 MV /m; at lower current power is reflected. 

Beam Transport and Optics Beam transport channels can be 
classified into the beam switchyard (BSY), distributing beam 
to the end stations, and the accelerator internal transport ele
ments. Looking at the latter, we can distinguish between the 
!inac focusing structure and the nine recirculation half-arcs, five 
at the accelerator's east end, and four at the west end. 

The linac optics are set up as a simple FODO channel 
with half-period length of 9.6 m with constant 1200 phase ad
vance along the full length of the first pass. Viewed from the 
linac all east arcs are essentially "invisible," i.e., they repre
sent isochronous, achromatic identity transformations. On the 
second and later passes, focusing is weaker given the higher 
particle momentum, and phase advance per cell is no longer a 
constant. Therefore, there exists no longer a unique matched 
set of ,B-functions, and a continuum of input conditions over a 
relatively broad range results in a satisfactory beam envelope 
through the linac. Correspondingly, the west arcs are tuned 
to more general transformations in the transverse phase space 
while retaining the features of isochronicity and achromaticity. 

The structure of each arc arises from five distinct regions: 
spreaders, matching/extraction region, arcs proper, matching 
region, and recombiners. Spreaders and recombiners are achro
matic, vertical, double bends. The lattice design executes the 
vertical displacement in a staircase fashion. This requires weak 
quadrupoles to achieve achromaticity as well as low ,B-functions, 
which together minimize sensitivity to quadrupole alignment 
errors and vibrations. Matching and matching/extraction sec
tions are straight sections containing quadrupoles to match ,B
functions into (or from) the arcs proper from the spreaders (or 

into the recombiners). Path-length-adjusting "dog legs" are lo
cated in the matching/extraction regions, and extraction gear 
is installed in the west region with the east region remaining 
for future expansion. 

The arcs proper, isochronous and achromatic, are based 
upon the second-order achromat principle, made up of a peri
odic array of cells, synchrotron lattice fashion. Lower-energy 
arcs contain fewer dipoles, but have essentially the same focus
ing structure. Recent refinements have led to vertical stacking 
of all arcs with key elements occupying identical, or almost 
identical, horizontal locations. 

The multi-user beam distribution system has two key el
ements: the injector and the rf separator (deflecting cavities) 
in the extraction line. The injector creates three interspersed 
bunch trains, k + 3N, k = 0, 1, 2, and N = 0, 1, 2, 3 ... , where 
bunches with different k can have different bunch charges, i.e., 
currents. The rf separator deflects the beam, the optics am
plify the initial deflection, and septum magnets extract beam 
for simultaneous delivery to all three end stations. At an oper
ating frequency of -1000 MHz for the rf separator and -1500 
MHz for the rf system, the separator phases are independent 
of N and amount to <Po, <Po + 240 0

, <Po + 1200 for bunch trains 
k = 0,1,2 respectively. Of particular usefulness are the ini
tial phases <Po = 0, leading to 0 0

, 240 0
, 1200 resulting in a 

"straight," "left," "right" distribution (e. g., for distributing 
beams of equal energy to three end stations), and <Po = 90°, 
leading to 90°, 330°,210° resulting in a "one right," "two left" 
separation sequence to deliver beam to two end stations. 

Instrumentation and Control The central elements of beam 
instrumentation are several hundred beam position monitors, 
some of which are microwave cavities (Q "" 1000, f = 2994 
MHz), while the majority will be loop monitors sensitive to 
a lO-MHz intensity modulation impressed on the beam. Pro
file monitors will be wire scanners; synchrotron-radiation-based 
devices are being explored as potential alternatives in the arcs. 

Control system requirements are to implement setpoints, 
and read, analyze, and display systems values for the injec
tor, rf including cavity parameters, beam transport and diag
nostics, cryogenics and vacuum, and personnel and machine 
safety. The control system must provide efficient human inter
face for about 20,000 input/output data points. With industry 
standards and off-the-shelf hardware and operating system soft
ware in use wherever possible, these requirements are met by 
a hardware-intensive system that has a computer hierarchy of 
two levels, supervisory and local (Figure 4). The system can be 
configured with a maximum of 10 supervisory-level computers, 
each of which can have a subsystem of up to 20 local-level com
puters. Local area networks (LANs) and computer automated 
measurement and control (CAMAC) devices enable intelligence 
to be extensively distributed for automated control capabilities 
at the local level. This control system allows control algorithms 
to be put together with great efficiency. Control system appli
cations can be quickly developed without programming, and 
control databases or run-time displays can be modified with
out requesting custom software updates. 

.Figure 4 Control system architecture. 

Issues, R&D, and Construction Progress 

Key Issues and Challenges Three categories of issues and chal
lenges have been addressed: 

• The technological question of achieving reliable large-scale 
application of rf superconductivity, particularly in the con
text of a "green site" laboratory and project. 

• Beam dynamics, where the primary questions pertain to 
beam stability and beam quality. 

• Operability, particularly the issues pertaining to effective 
commissioning of this highly complex machine. 

The technological issues have been addressed in three main 
ways. First, in July 1987 a strong SRF Technology Division w~q 
formed at CEBAF. It includes key participants from the ear
lier formal collaboration with Cornell. Second, a well-equipped 
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test lab is being prepared to serve advanced R&D, to support 
machine operation and maintenance, and, most importantly, 
to support construction by providing processing, testing, as
sembly, and troubleshooting capability, as well as some level of 
fabrication capability. Third, CEBAF has pursued an aggres
sive industrial prototyping program for cavities and cryostats. 

Test results for single cavities as well as cavity pairs (Fig
ure 5) show that specifications can be met reliably with respect 
to both gradient and Q values. However, in some cases low Q 
values have resulted from identifiable vacuum accidents and 
from inappropriate chemical processing. A first cryounit has 
undergone initial rf and cryogenic tests at CEBAF, and tests 
of a four-cavity subcryomodule were completed in May 1988. 
In the course of this program a number of needed changes in 
cryostat design were identified, including increased clearances 
and other improvements for cavity insertion, improved cavity
support and He vessel-alignment structures, and welded bridg
ing components in the outer vacuum wall. The diameter of the 
beam pipe connecting two cavities within a pair was reduced 
to lower field coupling. A full first cryounit of the new design is 
being tested in stages, and plans are to test a full cryomodule 
containing eight cavities by summer 1989. The procurement 
plan for the cavities and cryostat components is coordinated 
with the R&D schedule. Cavities are to be ordered in spring 
1989, and different cryostat components are to be ordered fol
lowing their thorough testing as prototypes. 
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Figure 5 Prototype cavity pair test results. 

Beam dynamics feasibility means primarily beam stability 
but also the capability to maintain beam quality under the ac
tion of a number of potentially quality-degrading mechanisms. 
The most important of these phenomena is the electromagnetic 
interaction between the beam and the "wall," i.e., the conduct
ing boundary formed by cavities, beam position monitors, and 
the vacuum pipe. We can distinguish multi-bunch and single
bunch phenomena, and furthermore categorize into single and 
multipass phenomena. Typically the distinction between sin
gle pass and multipass is blurred or disappears for phenomena 
of interest in the case of intense, widely spaced bunches. For 
CEBAF the critically important phenomenon is multi-bunch, 
multipass BBU. 

Two codes have been developed to analyze collective beam 
behavior, a 2D simulation code and a 1D "analytical" code 
based on matrix techniques. Both codes allow the use of real
istic lattices as well as HOM frequency distributions and yield 
excellent agreement between them with regard to prediction of 
beam breakup threshold current. Threshold current was found 
to exceed design current by two orders of magnitude. The 2D 
simulation also allows study of subthreshold emittance degra
dation, an effect found unimportant at the few hundred J-LA 
level. 

An apparent emittance degradation can occur through cou
pling between longitudinal and transverse phase planes, i.e., 
differential steering from bunch head to bunch tail. This oc
curs at the power couplers in the accelerating cavities where 
the accelerating field varies across the aperture. A "right-left
left-right" arrangement of cavity power couplers was adopted 
to reduce this effect and meet design specifications. 

The increases in momentum spread and emittance have 
been mentioned previously. Synchrotron radiation introduces 
a momentum spread, a"f,; ex i7 / p2, and an emittance increase, 
.elf ex i 5 (){) / p2. Here, i has its usual relativistic meaning, p 

is the magnetic bend radius, and (){) is a measure of relevant 
lattice properties. G"n~1:OUS bend radii and strong focusing (Le. 
small (){) ) control aE and AL 

Operability is an area deserving early attention because 
CEBAF is a relatively complex device. It contains nearly 2300 
magnets, nearly 2000 of which are on individual circuits; the 
quadrupoles, steering dipoles, and beam position monitors num
ber over 600 each, and the total beam path length is ~6.5 km 
with a total phase advance of ~150 11" in betatron space. Com
Lined with a severely beam-loaded rf system requiring very 
precise control, this calls for early attention to operational as
pects, issues, and procedures. Early commissioning (e.g., front 
end test of 25 to 45 MeV in 1990) and extensive computer 
modeling are key ingredients in our approach. Elements in 
facilitating commissioning and operations are a very powerful 
computer control system and a deliberate design philosophy of 
"functional modularity," i.e., an attempt to maximize one-to
one correspondence between certain components and particular 
actions on the beam as exemplified in the arc design. 

Recent Accomplishments Cavity and cryostat testing is now 
supported by the on-site liquid helium capability of a cryogen
ics test facility, while preconstruct ion R&D is actively going on 
in areas such as magnets, magnet measurement, injector and rf 
separator development, beam diagnostics and computer mod
eling. Major elements of the control system are in use in the 
test lab for cavity and cryostat testing, cryogenics control, rf 
tests, and injector tests. The injector gun has been thoroughly 
tested at 100 ke V and meets the beam quality requirements. 
A chopped and bunched 200-keV beam has been obtained, and 
acceleration to 500 keY is scheduled for summer 1989. A beam 
position monitor has been bench tested, and the initial rf sepa
rator has been designed and early prototype measurements per
formed. An initial version of an accelerator computer model is 
in place, and extensive calculations, numerical and analytical, 
have established an initial impedance catalog for the full fre
quency range applicable to CEBAF's short bunches, i.e., over 
several hundred GHz, far beyond pipe cutoff. A preliminary 
accelerator commissioning plan has been prepared. 
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The accelerator's passive and active radiation safety sys
tems were endorsed in March 1988 by the Department of En
ergy Advisory Panel on Accelerator Radiation Safety. The 
end station conventional facilities layout was finalized in May 
1988, and conceptual designs for experimental equipment will 
be completed in 1989. An important recent addition to con
struction planning is an experimental equipment laboratory for 
detector assembly and related work. 

Tunnel construction began in summer 1988. The central 
helium liquefier is being fabricated by industry, with installa
tion to begin in October 1989. Preoperations and subsystem 
commissioning will start in 1989. First beam to an experiment 
is scheduled for 1994. 

Table 2 outlines key project milestones, and Figure 6 is 
CEBAF's site plan. 

Table 2 
CEBAF Milestones 

Start construction 
Experimental area 

conceptual design 
Linac enclosure construction 

under way 
Cryomodule R&D complete 
Start front end test 

(to 25 MeV) 
Start linac installation 
Start CHL operations 
Start arc installation 
Start north linac 

beam commissioning 
Construction project 

complete 
First beam to experiment 

2Q FY 1987 (complete) 

3Q FY 1988 (complete) 

4Q FY 1988 (complete) 
3Q FY 1989 

3Q FY 1990 
4Q FY 1990 
1Q FY 1991 
2Q FY 1991 

3Q FY 1992 

4Q FY 1993 
2Q FY 1994 

o laO 
ScaJe:~ 

Figure 6 CEBAF's site plan. Existing structures are crosb-' 
hatched diagonally. The dashed boundary line indicates South
eastern Universities Research Association property. The inset 
-hows CEBAF's location in southeastern Virginia. 
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