
Around the Laboratories 
Variation of proton-proton and proton-
antiproton reaction rate (total cross-section) 
with energy, with the result from the UA4 
experiment at CERN's proton-antiproton 
collider giving a good indication of the trend at 
higher energies for planned proton-proton 
colliders and even cosmic rays (AKENO 
experiment). 

imaginary parts can be related. The 
powerful 'optical theorem' relates the 
total reaction rate (cross-section) to 
the imaginary part of the forward 
scattering amplitude, while the ratio 
of the real and imaginary parts gives 
an indication of where the total 
reaction rate is going at higher 
energies, independent of what the 
actual mechanisms are. Thus, for 
example, elastic scattering measure
ments at CERN's Intersecting Stor
age Rings pointed the way to the 
behaviour eventually seen at the 
proton-antiproton collider. 

In the 1985 run, UA4 found the ratio 
(rho) between the real and the 
imaginary parts to be 0.24, about 
twice the theoretical prediction. At 
face value, this suggested that the 

total reaction rate would increase 
dramatically at higher collision 
energies. With such a prediction at 
stake, confirmation with a more 
precise measurement was necessary 
and the UA4/2 experiment (Genoa/ 
Palaiseau/Prague/Rome/Valencia 
collaboration) was launched. 

The real part of the scattering 
amplitude is obtained via measure
ments of elastic scattering in a four 
momentum transfer domain where 
strong and electromagnetic interac
tions are comparable. This corre
sponds to scattering angles of 100 
microradians, with the detectors 
inside "Roman pots" close to the 
circulating beams, and using special 
beam optics. 

The new experiment took place in a 
five-week run late in 1991. With the 
Roman pots within 2mm of the 
beams, about a million elastic events 
were recorded. Several months later, 
a special dedicated run fixed the SPS 
energy to a few parts in ten thou
sand. 

After careful analysis, the new rho 
value of 0.135 ±0.015 was first 
presented earlier this year, and 
agrees with most theoretical expecta
tions. It gives precise predictions for 
the total cross-section at the LHC 
collider and even for very high 
energy cosmic rays. 

CEBAF 
Commissioning 
preparations 
With the superconducting electron 
accelerator nearing completion at the 
Continuous Electron Beam Accelera
tor Facility (CEBAF) in Newport 
News, Virginia, activities preliminary 
to commissioning the five-pass 

CERN 
Real and imaginary 
parts 

Elastic scattering (where particles 
bounce off each other) has implica
tions which go far beyond the decep
tive simplicity and inconsequence of 
this process. 

Several years ago, an elastic 
scattering result by the UA4 experi
ment at CERN's proton-antiproton 
collider (January 1988, page 32) set 
the high energy world talking. In 
quantum mechanics, the forward 
elastic scattering amplitude is a 
complex number whose real and 
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Beams from CEBAF's recirculating linacs will 
feed three experimental halls, left to right, C, 
B, and A. 

— * 1 

• 
recirculating machine are intensify
ing. 

CEBAF will use beams at 4 GeV 
and above in three experimental halls 
to explore the region between nu
clear and particle physics — between 
seeing the nucleus as a bound state 
of nucleons and seeing it as an 
assembly of quarks and gluons. 

CEBAFs first major commissioning 
goal is single-pass beam to Hall C in 
1994. By October, only the final four 
of 42 1/4 eight-cavity, nominally 20 
MeV cryomodules remained to be 
installed in the racetrack-shaped 
machine. Each antiparallel linac will 
have 20 cryomodules, with the 
remaining 2 1/4 in the 45 MeV 
injector. Also nearly complete is the 
beam transport system, with over 
2300 room-temperature magnets and 
4.5 km of beamline under vacuum. 
Nine recirculation beamlines in two 
semicircular arcs link the linacs for 
five passes. 

During linac testing earlier this year, 
one cryomodule accelerated beam 
with an energy gain above 32 MeV -
160% of specification - showing that 
an energy well above the machine's 

specified 4 GeV may be reached. In 
vertical dewar tests prior to cryo-
module assembly, cavity pairs have 
averaged 10.5 MeV/m accelerating 
gradient and resonance (Q) of 
5.7 x 10 9 - well above the specified 5 
MeV/m and 2.4 x 109. No significant 
degradation is observed between 
vertical tests and pre-operational 
tests of installed cryomodules. 

During the most recent round of 
testing, which ended in April, installa
tion went ahead in the rest of the 
accelerator and in the end stations 
while (c.w.) beam up to 120 MeV was 
run in the first linac and its spreader/ 
extractor region. The first re-circula
tion beamline was operated with 
beam at low average current. This 
testing had several highlights: 

- The linac was run at relatively high 
current (above 100 microamperes) 
for extended periods. This demon
strated the accelerator's substantial 
inherent operating stability, given the 
minimal involvement of active correc
tion mechanisms, which were still 
being implemented. 

- The external resonance quality 
factor (Q) of two cavities was in-

creased, permitting study of the 
radiofrequency control module under 
conditions equivalent to full beam 
loading in the complete five-pass 
accelerator. The module worked well 
under these conditions. 

-The high-precision calibration of r.f. 
control modules was demonstrated. 
After exchanging two calibrated 
modules, the beam returned pre
cisely to its previous state. 

-A precise method was demon
strated for measuring the 
recirculation beam transport 
isochronicity, the degree to which 
different momenta are synchronized 
upon emerging from an arc. The 
isochronicity was shown to be better 
than needed. 

-For both the linac and the arc, 
optics tune-up procedures were 
developed. 

Another recent highlight has been 
the reconfiguration of the 45 MeV 
injector into a three-beam system 
permitting independent control of the 
c.w. beam current to each experi
mental hall. A port was added to 
accommodate a polarized source 
developed at the University of Illinois 
for studies of parity violation, and a 
bypass chicane was installed to 
accommodate a 10 MeV source for 
both high-micropulse-charge experi
ments and a possible future free 
electron laser system (a wiggler 
magnet would receive beam diverted 
from the injector for infrared light 
production.) 

Both of the injector's cryomodules -
the earliest installed systems, which 
had performed well - were replaced 
with units containing higher-perform
ance cavities, the result of accumu
lated experience developing the 
accelerator. 

CEBAF's experimental equipment 
commissioning will begin in Hall C, 
the first endstation to receive beam. 
Hall C's major equipment consists of 
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The largest component of the High Momentum 
Spectrometer in CEBAF's Experimental Hall C 
is a 450-ton superconducting dipole magnet. 

the High Momentum Spectrometer 
(HMS), a three-quadrupole plus 
dipole (QQQD) design using super
conducting magnetic elements, and 
the Short Orbit Spectrometer (SOS), 
a ODD design (similar to the Medium 
Resolution Spectrometer at LAMPF) 
using resistive elements and oppo
site bends in the two dipoles. The 
450-ton HMS dipole was recently 
mounted on the spectrometer car
riage and tested to full current (2.0 
tesla), with field mapping imminent. 
The first of the superconducting 
quadrupoles was shipped in October. 
The detector elements - drift cham
bers, scintillators, gas Cherenkov 
counters, and lead glass shower 
counters - will be mounted in a 
massive concrete and lead shield 
house. 

The SOS dipoles are planned to be 
mapped and mounted on their 
carriage shortly. 

Currently approved for Hall C, with 
307 days of beam time awarded, are 

15 experiments in areas including the 
neutron electric form factor, colour 
transparency, deuteron photo-
disintegration, and hypernuclear 
production. 

DESY 
ARGUS bows out 

Last year the ARGUS experiment at 
DESY's DORIS electron-positron 
storage ring stopped taking data after 
ten years of fruitful physics. Analysis 
and new results will continue for 
some time, but members of the group 
are already looking to new physics 
horizons. 

The ARGUS collaboration was 
formed in 1978 by groups from 
DESY, Dortmund, Heidelberg (IHEP), 
Lund, Moscow (ITEP), and South 
Carolina under the leadership of 

Walter Schmidt-Parzefall. Later 
groups joined from IPP Canada, 
Kansas, Ljubljana, Karlsruhe, 
Erlangen/Nurnberg, Heidelberg (MPI) 
and Dresden. 

The detector was conceived to 
investigate the physics of the beauty 
and charm quarks and the tau lepton 
at the upgraded DORIS II electron-
positron storage ring. 

With a similar programme started 
by the CLEO collaboration at 
Cornell's CESR electron-positron 
collider, the resulting competition 
ensured good physics. 

ARGUS rolled into the beam in 
October 1982 and took data until 
October 1992. In May 1993 the 
decision was taken to stop further 
ARGUS running. During those ten 
years a broad spectrum of physics 
has been covered, including weak 
decays of beauty and charm quarks 
and tau leptons, hadron spectro
scopy, quark/gluon mechanisms, 
photon-photon interactions and 
particle searches. 

In particular, ARGUS has made 
valuable contributions to determina
tion of many fundamental constants 
of the Standard Model. These com
prise measurements of quark transi
tions (CKM matrix elements) in the 
decays of B mesons (containing the 
beauty quark), the determination of 
the properties of the tau lepton and 
its neutrino, as well as a measure
ment of the quark coupling constant. 
The charm study has resulted in first 
observations of many charmed 
hadrons and decay modes. The 
study of quark and gluon mecha
nisms (fragmentation) has yielded 
valuable input for future experiments, 
while the first observations of new 
final states in photon-photon interac
tions have created much interest. 

A total luminosity of 520 inverse 
picobarns has been collected at 
collision energies around 10 GeV. 
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