HERAIding HERA

On Wednesday 19 August, the
machine cutting the tunnel for the
HERA electron-proton collider at
the German DESY Laboratory in
Hamburg arrived back at the South
Hall, where it set out on its 6.3
kilometre circuit 27 months ago.

Behind the tunnelling machine,
concrete finishing is going up fast,
while further back installation is
well underway, with large numbers
of magnets already in place for the
30 GeV electron ring. Both the
proton and electron injection lines
from the neighbouring PETRA ring
into HERA have been tested (the
proton line with positrons pending
the arrival of protons).

Having worked exclusively with
electron beams throughout its 28-
year history, the DESY Laboratory
is having to add a proton plant.
The radiofrequency quadrupoles
(built by Frankfurt) to give the pro-
tons their first impulse have per-
formed well (see June issue,
page 1), but the new proton linac
has been delayed. Beamline equip-
ment to take protons from the
linac to the synchrotron, supplied
by Canada, has arrived.

For the protons, the original
DESY electron synchrotron has
been rebuilt as DESY Ill, with 32
additional quadrupoles giving the
old combined function (bending
and focusing) machine more the
appearance of a latter-day sepa-
rated function accelerator.

DESY Il surrounds the new
DESY Il electron machine, impres-
sively commissioned after only
one month of running in. The
original intention was to lower
DESY Il to enable the electron
beams from DESY Il to get out.
However the old machine was built
so solidly that it proved easier and
cheaper to install the two machines
in the same horizontal plane, with
electron beams traversing the pro-
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ton machine, and with the two
vacuum systems delicately inter-
locked!

Conversion work is also needed
to adapt the PETRA ring to handle
40 GeV proton beams, in particular
for the protons to bypass the high-
impedance radiofrequency accel-
erating cavities for electron beams.
Work should start soon. The two

‘new PETRA accelerating cavities

for protons are nearing completion
in Canada.

All orders for the superconduct-
ing magnets for HERA's proton
ring have been placed with Euro-
pean industry. While reliable large-
scale production of these vital units
has yet to be demonstrated, hopes
are high after successful tests of
prototype 9-metre dipoles from
DESY and BBC in Germany, qua-
drupoles (developed at Saclay) and
correction coils from the Nether-
lands, hinting that protons could
eventually be taken above the 820
GeV HERA design level.

To supply the proton ring and
magnet testbed with liquid helium
meant building the largest refriger-

The tunnel leading from the PETRA ring
down to the HERA Main Ring at DESY.

ation plant in Europe. Sulzer has
been awarded a supplementary
contract to oversee the running of
this complicated technology.

HERA's electrons require 30
GeV of energy. Most of this will
be supplied by copper radiofre-
quency units taken from the
PETRA ring. The hope is that the
additional energy will be supplied
by the twin four-cell 500 MHz su-
perconducting niobium units devel-
oped in intense R and D during the
past few years and which have
proved so successful in bench
tests.

Initial beam tests of the super-
conducting cavities in PETRA en-
countered unforeseen problems
but this should be mastered for
further beam tests later this year.

In the meantime installation has
begun of the klystron equipment
taken over from PETRA to drive
the copper radiofrequency accel-
erating units for the electron
beams. HERA will handle polarized
(spin-oriented) electrons and mak-
ing their appearance are the first
rotator magnets to change the
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Right, the new DESY Il synchrotron, and
left, the original DESY synchrotron, rebuilt
to supply protons for the HERA
electron-protons collider being built at

the DESY Laboratory in Hamburg. The
DESY Il electron beam exits through the
proton machine.

polarization direction of the elec-
trons before and after each colli-
sion point.

Experiments

To exploit HERA's unique collid-
ing electron and proton beams,
(the plan is also to run with posi-
trons and protons), the two big
detectors - ZEUS and H1 - are
pushing ahead at top speed to be
ready for the first collisions in
1990. With almost 1000 GeV of
proton energy slamming into a 30
GeV electron, the detectors are
highly asymmetrical. This, together
with the bunching of HERA's
beams, posed special problems
for the detector designers. Precise
analysis of the produced hadrons
(strongly interacting particles) will
be needed, especially for the inter-
esting interactions producing neu-
trinos. These will fly out unde-
tected other than through detailed
measurement of energy balance.

ZEUS uses a ‘compensated’
calorimeter design with interleaved
sheets of depleted uranium and
scintillator to give accurate energy
measurement of electrons and
hadrons, while H1 prefers liquid
argon as the sensitive medium
with iron plates as absorber. Some
detailed work has gone into the
development of optimal calorimeter
configurations.

In addition to these two new
HERA experiments, the ARGUS
detector will continue to study
electron-positron collisions in
DESY's DORIS Il ring, although
DORIS operations are temporar-
ily halted during the machine re-
building.

ARGUS hit the headlines earlier

Klystrons installed for HERA.
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this year with the observation of
the ‘mixing’ of electrically-neutral
B mesons (see June issue, page
16). At the Symposium on Lepton-
Photon Interactions at High Ener-
gies in Hamburg in July, the AR-
GUS collaboration reported evi-
dence for the expectedly very rare
decays of B mesons without the
production of particles carrying
the charm quantum number (see
page 4).

More light

Electron machines produce in-
tense beams of synchrotron radi-
ation. This loss of electromagnetic
energy is a curse for high energy
electron beams but a blessing for
scientists looking for a probe of

matter structure.

At DESY, the DORIS ring runs
for 30 per cent of its time with
electron beams for the HASYLAB
synchrotron radiation centre, while
additional beam time comes from
'parasitic’ running during high ener-
gy physics studies with colliding
electron and positron beams, pro-
viding particularly interesting beam
conditions.

Each year, HASYLAB caters for
some 500 scientists from 100
institutes. For the future, more
synchrotron radiation might be
available if a decision goes through
to build a new bypass around the
second DORIS collision region (pre-
viously used by the Crystal Ball
experiment). This will contain six
‘undulators’, increasing both the
quantity and quality of the available
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beams. Three wiggler magnets are
already installed at DORIS and a
new hall for high energy X-rays
has been opened.

Although DESY manpower is
almost completely taken up by the
ambitious HERA project, farsighted
efforts continue towards the devel-
opment of new accelerating tech-
nigues for the full-scale machines
of tomorrow. The DESY wakefield
scheme has provided promising
initial results (see page 7). A real-
istic proposal could emerge if these
results can be scaled up appro-
priately.

With no immediate parallel any-
where, DESY's main HERA effort
can look forward to many years
of profitable exploitation in the
1990s to build up a comprehensive
picture of the interactions of
quarks with electrons and with
positrons under all electron/posi-
tron spin possibilities.

As well as providing unique
physics conditions, HERA has also
blazed a new trail in international
collaboration. ltaly, France, the

Netherlands and Canada are sup-
plying components, while the US
and Israel are contributing to the
technological developments, and
Poland and China, together with

the UK, are supplying valuable

A view of the experimental floor at the
HASYLAB synchrotron radiation laboratory
at DESY.

(Photos DESY)

manpower. With international in-
volvement in big new projects
being increasingly stressed, this
HERA experience is especially
useful.

By Gordon Fraser

Brookhaven — going for gold

In September, the Brookhaven
National Laboratory is celebrating
its fortieth anniversary. It moves
into middle age serving a larger
user community than ever before
and with research programmes
and facility developments which
should guarantee several more
decades of front-line work.
Though the emphasis for the
future has moved off particle phy-
sics, there are still some 350 phy-
sicists involved in particle physics
experiments at the AGS Alternating
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Gradient Synchrotron, including
some unique topics. The search
for unusual kaon decays is a prime
example and four detection sys-
tems are pushing the limits further
out. During the past year, two of
them (kaon to pion, muon, electron
and kaon to muon, electron)
passed previous best limits, reach-
ing 10~% and over the next year
should be entering the interesting
physics range of 1070 or better.
The tantalizing situation with the
results from two experiments

searching for neutrino oscillations
remains unresolved. Both see an
excess of electrons, implying that
the muon-neutrino is converting
to electron-neutrino, but further
analysis of other possible sources
may whittle away the electron
counts. To settle the question de-
finitively, a two-detector experi-
ment may well be needed so that
any variation of electron counts
with distance from the neutrino
source could be studied.
Experiments using polarized (spin
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