
Cornell notables (left to right) Robert Wilson, 
Boyce McDaniel, Maury Tigner and Karl 
Berkelman at the 25th anniversary celebra
tions of Cornell's electron synchrotron. 

Omega detector will continue taking 
data in1994. The GAMS experiment 
took its final CERN data last year. 
One of the long-standing examples of 
CERN-Russian collaboration, GAMS 
earned its acronym from the Russian 
abbreviation for its characteristic 
large lead-glass arrays. GAMS 
experiments have run both at CERN 
and at Serpukhov's Institute for High 
Energy Physics near Moscow. 

CORNELL 
Synchrotron 25 

A recent celebration marked the 
twenty-fifth anniversary of the Cornell 
Electron Synchrotron. The major 
milestone in the commissioning of 
the synchrotron was on October 11, 
1967 when Helen Edwards, Boyce 
McDaniel, and Maury Tigner 
achieved a 7 GeV beam, a world-
record energy for electron synchro
trons at that time. Like so many 
advances in experimental physics, 
this occurred early in the morning -
3 a.m.! 

The transition from accelerator 
commissioning to high energy phys
ics operation was extremely rapid; 
7 GeV operation for data collection 
was routine just five weeks later. 
Throughout its life as a source of 
photon and electron beams for fixed 
target experiments, the synchrotron 
maintained energy leadership for 
circular electron machines. Originally 
designed for operation at 10 GeV, 
eventually it consistently provided 
beams for experiments at energies 
up to 11.6 GeV. It now operates at 
5 GeV, serving as the injector for the 
CESR electron-positron storage ring. 

Robert Wilson was director of the 
laboratory during the design and 

most of the construction of the 
machine. He left near the end of 
the construction to become the first 
director of Fermilab and was re
placed by Boyce McDaniel, who 
guided the laboratory from the 
completion of the synchrotron to the 
construction and early operation of 
CESR. 

Wilson recalled how the laboratory 
had originally proposed a 3 GeV 
turnkey machine to be built entirely 
by industry and would fit in the space 
previously occupied by earlier Cornell 
accelerators. However, members of 
the laboratory realized that 3 GeV 
would not open new physics fron
tiers, that the construction of the 
accelerator was much of the fun of 
doing high energy physics experi
ments, and that a more challenging 
project was needed. This led to the 
proposal for the 10 GeV synchrotron 
which was built in the "Cornell Style" 
with many of the components fabri
cated and nearly all of the assembly 
done at Cornell. 

The Cornell synchrotron introduced 
a number of innovations in accelera

tor design and construction to keep 
the cost down. To reduce the 
radiofrequency power required to 
replace energy lost through synchro
tron radiation, the circumference 
chosen (757 m) was significantly 
larger than that of other electron 
synchrotrons of that era. This choice 
turned out to be particularly fortunate 
because this tunnel size is excellent 
for an electron-positron storage ring 
operating in the region of the upsilon 
resonances and the threshold for B 
meson production. From the begin
ning a storage ring in the tunnel was 
envisioned as an eventual upgrade, 
although nobody had any idea what 
the most interesting energy region 
would be. 

The synchrotron is located 16 m 
under Cornell's athletic fields. The 
depth of the tunnel and the continual 
use of the playing fields meant that 
standard cut-and-fill techniques for 
digging the tunnel were impractical. 
This led to the use of a tunnel boring 
machine, the first time that this 
technique was utilized in construction 
of a synchrotron tunnel. 
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To achieve sufficient intensity, 
electron synchrotrons were rapid 
cycling (60 Hz at Cornell). At such 
high frequency a simple metal 
vacuum chamber inside the magnet 
gap is impossible due to eddy cur
rents. The glass, ceramic, or com
posite vacuum chambers used in 
other electron synchrotrons were 
necessarily large, leading to large 
magnet gaps and expensive facilities. 
The solution chosen was to put the 
magnets inside the vacuum chamber. 
The resulting magnet is very small, 
with cross-section comparable to the 
size of this page. By now this unique 
design has proved its value in a quar
ter century of trouble-free operation. 

The control system designed and 
built by Raphael Littauer broke new 
ground in accelerator design. Meas
urements of the accelerator condi
tions at each of 192 magnets were 
transferred to the control room by a 
"shift register" system for display on 
oscilloscope screens. This system 
was based on the then-new inte
grated circuit technology and was a 
step towards the computer control 

systems of the future. 
From 1967 to 1978 the synchrotron 

provided beams for fixed target photo-
production and electroproduction 
experiments. Because of the large 
duty factor of the synchrotron, it was 
possible to do coincidence experi
ments with relatively large solid 
angles. Investigations of vector 
meson photoproduction and the 
verification of the validity of quantum 
electrodynamics dominated the early 
years of the programme. 

Studies of the final states produced 
in highly inelastic electroproduction 
were the main emphasis of the 
program in later years. In these 
experiments, pions, kaons, and 
vector mesons (rho, omega, and phi) 
were detected in coincidence with 
scattered electrons. Among other 
results, the pion electroproduction 
experiments yielded measurements 
of the electromagnetic form factor (or 
size) of the charged pion. 

A variety of experimental tech
niques were utilized in the synchro
tron programme. Early experiments 
depended primarily on scintillation 

counters and optical spark chambers. 
Later multiwire proportional cham
bers were introduced in a number of 
relatively large aperture focusing 
spectrometers. One of the last 
experiments utilized a 12,000 wire 
system in a large aperture magnet 
covering nearly^the full solid angle to 
study the final states in electro
production. A DESY streamer 
chamber was also used in an experi
ment to investigate the particles 
produced in highly inelastic electro
production events. 

Late in the fixed target era, several 
atomic physics experiments exploited 
X-ray beams from the accelerator's 
synchrotron radiation. This led to the 
creation of CHESS, the laboratory for 
utilizing the synchrotron radiation X-
rays produced by CESR. Hundreds 
of experiments in physics, chemistry, 
biology, and medicine now use the 
CHESS X-ray beams. 

The fixed target programme was 
completed in 1978 and the synchro
tron found a new role as injector for 
the CESR storage ring. It has been 
very successful in this role. CESR 
was originally designed for a lumi
nosity of 10 3 2 per sq cm per s at 8 
GeV; with improvements including 
multiple bunches it has reached 
2.5 x 10 3 2 at 5.3 GeV. In 1991 and 
1992, CESR produced a total of 2.7 
inverse femtobarns of luminosity for 
the CLEO experiment. This is about 
a factor of seven larger than the 
luminosity delivered to a single 
experiment at any other electron-
positron storage ring. With modest 
upgrades the synchrotron will also 
serve as the injector for a B Factory 
at Cornell (July 1991, page 8). 

CERN Courier correspondent and Associate 
Director of Cornell Laboratory David Cassel 
(left) is amused by a recollection of Robert 
Wilson. 
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