
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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The dye laser system used for development of 
an optically-pumped polarized ion source at 
the Canadian TRIUMF Laboratory, Vancouver. 
The straight beams on the right are from argon 
lasers, powering four dye lasers. The curved 
paths are tubes carrying the dye solution. This 
source produces five microamps of 75 per cent 
polarized 500 Me V protons (December 1991, 
page 10). 

polarized laser beam could in princi
ple provide a nearly infinite angular 
momentum source to orient electron 
or nuclear spins. Although the proc
ess in practice is relatively inefficient, 
new standards of polarization have 
been set. 

A major initial project was the laser-
driven polarized electron source at 
the Stanford linear accelerator 
(SLAC), in operation in the late 70s. 
In this application, laser light interacts 
with the surface electrons of a 
semiconductor (gallium arsenide) 
photocathode where atomic levels 
are spread out into bands and 
spectroscopically pure light is not 
necessary. Circularly-polarized 
photons pump electrons from the 
semiconductor valence band into a 
spin state in the conduction band 
from which they can be emitted to 
form a polarized electron beam. 

This technique is now being applied 
and perfected at many other electron 

accelerator laboratories, including 
Kharkov, Nagoya, MAMI-B at Mainz, 
MIT-Bates, ELSA at Bonn, and the 
CEBAF machine under construction 
at Newport News, Virginia. Emphasis 
is on increasing electron polarization 
above 50% by means of solid-state 
effects to remove the degeneracy in 
the electron spin levels (May 1991, 
pages 4 and 6). 

With narrowband lasers now avail
able, polarized electron beams can 
also be made from helium, optically 
pumped in the metastable state 
formed in a radiofrequency dis
charge. This method is under devel
opment at Orsay and promises high 
polarization. 

In research and development work 
for the electron-positron linear 
colliders of tomorrow, laser irradiated 
photocathode techniques are being 
used to generate intense electron 
pulses (November 1990, page 5). 

If polarized particles other than 

electrons are needed, an optically-
pumped polarized alkali vapour can 
be used for spin exchange. In vapour 
or gas, the atomic absorption lines 
are narrow, and intense spectrally-
pure laser light must be used to 
obtain adequate efficiency and 
vapour density. The polarized laser 
light pumps the alkali valence elec
trons out of one spin state and the 
vapour is left with nearly perfect 
electron spin alignment. 

Depending upon the end-product 
required, one or more additional spin 
transfers are possible through atomic 
interactions. For example to make a 
beam of nuclear-aligned sodium 
atoms, the ordinary hyperfine mag
netic interaction between valence 
electrons and nuclei will exchange 
spin. 

Exchange of the valence electron 
spin orientation from the alkali (or in 
some cases transfer of the electron 
itself) to a different atom or ion 
makes possible the formation of 
other spin-polarized species. For 
example, TRIUMF (Canada), LAMPF 
(Los Alamos) and KEK (Japan) have 
optically-pumped polarized negative 
hydrogen ion beam sources in 
operation (December 1991, page 10) 
and the Moscow Institute for Nuclear 
Research has this source on the test 
bench. These sources produce 
negative hydrogen ions with proton 
polarizations around 65-70% and 
peak currents from 30-400 
microamperes. 

A group at Argonne (USA) is 
building a spin-exchange polarized 
deuterium target for the VEPP-3 
electron storage ring at Novosibirsk. 

TRIUMF uses a spin-exchange 
polarized helium-3 target. In this 
technique, first developed at 
Princeton, the helium nuclei ex
change spins directly with polarized 
electrons in the alkali; the paired 
helium electrons play no role. Be-
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One of the superconducting cavities arriving at 
CERN's LEP electron-positron collider, where 
it will help push collision energies towards 200 
GeV. 

cause the overlap of the nucleus with 
extra-orbital electrons is small, the 
spin exchange time is slow, of the 
order of a few hours. Once the alkali 
vapour is removed, the inert helium 
can retain its nuclear polarization for 
100 hours. 

Helium nuclear spin is so isolated 
from all perturbations except mag
netic that the gas can be compressed 
above 1 bar in a mechanical pump 
while retaining most of its polariza
tion, as shown by a group at Mainz. 

With spin exchange and helium, a 
Princeton-Syracuse team at LAMPF 
has manufactured highly-polarized 
muonic atoms. In the process of 
capture, a negative muon will eject 
both electrons from a helium atom. 
Polarization transfer to the muonic 
atom from a nearby polarized alkali 
electron occurs by spin exchange 
through the magnetic moments or by 
capture of the electron by the helium 
ion. With adequate density of opti
cally-pumped polarized rubidium, the 
muonic atom polarizing time is less 
than the 2 microsecond muon lifetime 
and high polarizations are achieved. 
Results in the last few months show 
muonic atom polarizations more than 
ten times that resulting from retention 
of polarization in the muon beam, 
opening the door to new spin-sensi
tive experiments in the fundamental 
interactions. 

From Olin van Dyck 

WORKSHOPS 
Radiofrequency 
superconductivity 

In the continual push towards higher 
energy particle beams, supercon
ducting radiofrequency techniques 
now play a vital role, highlighted in 

the fifth workshop on r.f. supercon
ductivity, held at DESY from 19 - 24 
August 1991. 

Since the previous workshop at 
KEK, Japan, in 1989, there has been 
increased operational experience of 
superconducting electron and heavy 
ion accelerators. At KEK a total of 32 
superconducting cavities are now 
routinely operated in the TRISTAN 
electron-positron collider. 

At CERN three modules with four 
superconducting cavities each (two 
of solid niobium and one of niobium-
sputtered copper cavities) have been 
installed in the LEP electron-positron 
collider as the first step towards 
higher energy running. In addition 
two more niobium-copper cavities are 
routinely operated in the SPS syn
chrotron. At DESY twelve four-cell 
cavities have been installed in the 
HERA electron ring. 

In the domain of electron accelera
tors for nuclear physics, the first 
recirculating beam has been 
achieved at the Darmstadt S-
DALINAC (May 1991, page 10), and 

an electron energy of 103 MeV 
attained. At the CEBAF machine 
under construction at Newport News, 
Virginia, the 45 MeV injection energy 
has been reached in cryomodules 
with eight superconducting cavities 
(September 1991, page 28), and the 
production of a total of 360 cavities at 
industry is steadily advancing. At 
Saclay in France the MACSE test 
facility with 5 superconducting 
cavities at 1.5 GHz has been started. 

Higher acceleration fields are vital 
for new projects, and a large coordi
nated effort is going on, particularly 
at Cornell, Saclay and Wuppertal. 
Field emission of electrons by sur
face defects is the most limiting 
factor. New and refined diagnostics 
like field emission microscopes have 
been developed and it is hoped that 
this will lead to a better understand
ing of the defects causing field 
limitations. 

It has been shown that small 
surface areas can withstand electric 
surface r.f fields up to 140 MV/m 
(corresponding to accelerating fields 

16 CERN Courier, January/February 1992 


