
piece contains superconductors and 
hence must operate at liquid helium 
temperatures like the dipoles and 
quadrupoles. 

The first magnet delivery shaft is 
under construction. T.L. James and 
Co, of Kenner, Louisiana, have 
begun excavation of a 60 by 30 foot 
elliptical shaft, 250 feet deep. Two 
75-foot-long horizontal tunnels 
leading from the base of the shaft will 
be provided to serve as 'starter' 
tunnels for excavating the main 
tunnel. Using the shaft and stub 
tunnels, a subsequent subcontractor 
will lower and assemble a tunnel 
boring machine and drive the first 
section of tunnel northward for 2.7 
miles. The shaft, to be completed by 
mid-1992, will later be used for 
delivering magnets to the tunnel; its 
60-foot dimension will allow them to 
be lowered in a horizontal position. 

Meanwhile the first two full length 
50 mm collider dipoles have been 
tested successfully at Fermilab and 
Brookhaven. Both went well above 
the design current of 6500 amperes 
and performed well. These are the 
first of a series of dipoles being built 
at the two Laboratories to transfer the 
magnet technology to industry. 
General Dynamics will now build 
seven dipoles at Fermilab, and 
Westinghouse will build five at 
Brookhaven. Of these first dozen 
industrially assembled magnets, five 
will be used in the string test next fall 
at the SSC Laboratory. 

Potentially troublesome persistent currents in 
the superconducting magnets of the proton 
ring for the HERA electron-proton collider at 
DESY, Hamburg, are constantly monitored by 
these two superconducting reference magnets 
switched into the main magnet circuit. 
Although the effects are quite strong, they are 
sufficiently reproducible that field errors can be 
corrected. 

Photo P. Waloschek 

DESY 
HERA commissioning 

The commissioning of the world's 
first electron-proton collider - the 6.3 
kilometre HERA ring at the DESY 
Laboratory in Hamburg - last year 
was the result of more than a decade 
of careful planning, design and 
construction. 

Although 1991 will be remembered 
as HERA commissioning year, trials 
began back in August 1988 when 7 
GeV electrons were injected into the 
electron ring. Just three days later, 
electrons were being held for 20 
minutes. 

This initial success was followed by 
a six-week study which confirmed 
that the electron machine behaved 
as expected. Commissioning contin
ued eleven months later, and by the 
end of September the following year, 
the electron energy had climbed to 
27.5 GeV, limited at the time by the 
radiofrequency power available from 
the 84 conventional accelerating 

cavities. Beam optics and multiturn 
injection were well understood and 
completely under control. The maxi
mum single bunch electron current of 
2.5mA achieved so far is almost a 
factor of ten above the design value. 

A powerful bunch-to-bunch damper 
system is needed to control the 
instabilities which develop if the 
design intensity is stored in 200 
bunches. Such a damper system 
implemented in the downstream 
PETRA ring enabled design intensity 
to be reached in this machine. The 
same system was then built for 
HERA where its damping capability 
has been successfully demonstrated. 

With the installation of 12 supercon
ducting four-cell cavities the ring is 
now fully equipped with r.f. power, 
and last July HERA-e reached its 
design energy of 30 GeV. 

A laser polarimeter to measure 
transverse spin polarization was 
tested last summer, and on 20 
November, an 8 per cent transverse 
spin polarization was picked up. 

For the proton ring, equipped with 
superconducting magnets and 
completed in September 1990 for 
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A blip on the H1 experiment's luminosity 
monitor on 19 October showed that electrons 
and protons had begun colliding in HERA. 

initial cooldown, prior measurements 
of field quality and extensive perform
ance tests on each major component 
promised a smooth commissioning. 
After hardware trials in early spring 
1991, commissioning with 40 GeV 
protons started last April. 

A major concern at proton injection 
is the strong field errors due to 
'persistent' eddy currents in the 
superconductors. Despite their name, 
these currents decay, producing 
further complications. 

For the April run no acceleration 
was planned, and persistent current 
problems could therefore be avoided 
by a special magnet excitation cycle. 
Despite a low injection rate, stored 
beam was achieved in a few days. 
After a few technical problems, 
proton beam lifetimes of about 30 
minutes were being obtained by the 
end of April. 

HERA-p commissioning continued 
in August with the superconducting 
magnets powered up to 1000 A and 
persistent current field errors at full 
strength. After careful adjustment of 

the correction circuits and optimiza
tion of beam parameters, proton 
lifetimes of more than three hours 
were achieved at 40 GeV. 

The persistent currents are con
stantly monitored in HERA by two 
superconducting reference magnets 
switched into the main magnet 
circuit. Although the effects are quite 
strong compared to the tolerances, 
they turned out to be sufficiently 
reproducible, and field errors can be 
corrected so that injection is possible 
without significant degradation of the 
proton beam behaviour (emittances). 

This reproducibility and transpar
ency of the persistent currents 
opened the door to energy ramping 
in the proton ring, and on 8 October, 
the beam reached 480 GeV with 
good intensity. The preaccelerators 
deliver about 2.5 x 10 1 0 protons per 
bunch which can be accelerated 
without losses up to the maximum 
intensity. The beam emittances are 
close to the design values. So far, 
ten proton bunches at a time have 
been accelerated. 

With each ring delivering, the next 
step was to run them in parallel. On 
19 October, a proton bunch of 10 1 0 

protons was accelerated to 480 GeV. 
12 GeV electrons were then injected 
into the electron ring, and the beams 
adjusted at the North interaction point 
using beam position monitors. 
Luminosity (coHisions) was immedi
ately picked up by detection of 
bremsstrahlung photons. 

Progress continued in November 
with electrons taken to 26.5 GeV 
prior to collisions. To ensure good 
collision conditions over about ten 
hours, electron and proton beam 
sizes at the collision points are 
matched. The maximum luminosity 
for single bunch collisions is 0.7 x 
10 2 8 per sq cm per s. No problems 
have been detected when the 
number of colliding electron and 
proton bunches is each increased to 
ten. 

These achievements promise a 
successful start to the HERA opera
tions on 9 March. Soon after, the big 
ZEUS and H1 detectors will be ready 
to log their first data. 

SPIN PHYSICS 
Lasers at work 

Lasers are now an everyday tool in 
particle physics, particularly for the 
spin polarization of beams, targets, 
and even short-lived particles. 

Development has been boosted in 
recent years by the availability of 
reliable multiwatt tunable lasers to 
select spin in an experimentally 
useful sample. 

One watt of laser light contains 
about the same number of photons 
as there are electrons in one ampere 
of current. If the photon polarization 
were transferred efficiently, a 1 watt 
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