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CEBAF 
Injector in operation 

Extensive 45 MeV injector testing 
has validated the basic supercon
ducting design of the 4 GeV accel
erator at CEBAF, the Continuous 
Electron Beam Accelerator Facility 
under construction in Newport News, 
Virginia. The injector has met all 
beam performance objectives, using 
production hardware and software 
similar to that being installed in the 
recirculating accelerator, including 18 
superconducting cavities in two and 
one-quarter cryomodules. 

The injector first reached 45 MeV in 
June 1991. More recently, continu
ous beam operation at 200 
microamperes and 45 MeV has been 
achieved, with specifications met for 
transverse and longitudinal emittance 
and momentum spread. Over 1500 
hours of 45 MeV operations have 
now been completed, mostly at 16 
shifts per week. Radiofrequency 
phase is controlled to within 0.03 
degrees, and amplitude to 3 x 10~5. 
Bunch lengths under 0.5 degrees are 
routinely obtained. Components have 
been thermally cycled between room 
temperature and 2 K several times, 
without performance degradation. 
Test results show excellent agree
ment with simulations. 

The CEBAF design uses an injector 
to fire into a racetrack of two 

Extensive 45 MeV injector testing has 
validated the basic superconducting design of 
the 4 GeV accelerator at CEBAF, the Continu
ous Electron Beam Accelerator Facility under 
construction in Newport News, Virginia. In an 
encouraging test of the CEBAF design, a 
temporary beam line (foreground) has recycled 
beam through the linac to reach 85 MeV. 

antiparallel recirculating linacs linked 
by recirculation arcs. (The scheme 
can be seen in the photograph on 
page 18.) 

Testing has included using a 
temporary beamline to recirculate 
beam through the injector's two 20 
MeV cryomodules to reach 85 MeV. 
Currents up to 55 microamperes 
have been recirculated, and energy 
recovery has been demonstrated at 
full accelerating gradient. 

Injector operation and the 
recirculation experiment continues 
through June. By mid-May, 7 of 20 
cryomodules had been installed in 
the first of the main accelerator's two 
antiparallel linacs, and preparations 
were beginning for initial linac tests. 
In tests prior to cryomodule assem
bly, cavity pairs continued to perform 
in excess of specifications, with 
mean usable gradient of 8.5 MV/m 
(the specification says 5 MV/m) and 
average resonance Q factor of 5.3 x 
10 (specification 2.4 x 10 ). 
CEBAF's first nuclear physics experi
ments are scheduled for 1994. 

electrons striking or destroying the 
mirrors. 

Construction and development of 
the accelerator and the optical parts 
took five years. After injector beam 
tests in late 1990, 1991 measure
ments of the electron beam passing 
through the undulator showed that 
the required standards had been 
reached. Lasering was observed on 
17 January this year at 4.8 microns; 
laser saturation at 8 microns was 
obtained on 18 February and a peak 
power of several megawatts on the 
microbunches was obtained a few 
days later. 

The results are very reproducible in 
the 5-10 micron band in the ground 
mode with a 60-70% gain at 8 mi
crons, a saturation time of 2-3 micro
seconds and a laser macro-pulse 
duration of some 8 microseconds. 
The yield obtained for the power 
transfer from beam to laser is some 
0.35% against a theoretical value of 
0.5%. CLIO can now be considered 
operational. Wavelengths lower than 
5 microns and higher than 10 will be 
obtained by regulating the machine's 
energy at 50 and 30 MeV respec
tively (in place of the present 
40 MeV). 

CLIO laser saturation at a wavelength of 
8 microns. 
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