Prototype superconducting dipole for
Brookhaven's RHIC heavy ion collider being
tested on a stand using components on loan
from the HERA electron-proton collider at the
Hamburg DESY Laboratory.

that in dense media, multiple scatter
ing of electrons is enough to sup
press photon production at the low
energy end of the bremsstrahlung
spectrum.
In SLAC experiment E-146, 25 GeV
electrons passed through slim targets
of carbon, aluminum, iron, gold, lead,
tungsten and uranium — as well as a
very thin gold target. After traversing
the target, the electrons were de
flected into a momentum-measuring
wire chamber, while bremsstrahlung
photons generated in the target
continued downstream into a calorim
eter made of bismuth germanate.
Led by Spencer Klein of UCSC, the
collaboration developed a novel
technique to do the experiment
parasitically during normal operation
of the SLC Stanford Linear Collider,
using high energy photons created in
the beam-defining slits at the end of
the linear accelerator. These photons
travel downstream past the SLC arcs
and into the beam switchyard, where
a copper target converts them into
electrons and positrons. The elec
trons are captured and transported
into End Station A; up to 100 elec
trons per pulse were obtained at
energies between 400 MeV and 25
GeV. This technique can be used by
future experiments requiring a high
energy, low intensity beam.
The E-146 data confirm that the
LPM effect exists. The magnitude of
the suppression in dense media such
as uranium is consistent with
Migdal's prediction. Lighter targets
such as carbon show little suppres
sion. And the very thin gold target
showed no LPM suppression at all,
because the formation zone is longer
than the target length.
Besides the theoretical interest, the
LPM effect is relevant in a variety of
physics areas, ranging from the
design of calorimeters for the LHC to
ultra high energy cosmic rays. Many
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nuclear effects, including the 'colour
transparency' suppression of nuclear
reactions, are closely related.

the magnets and their interconnec
tions have called for a second test.
RHIC will use 1,740 superconduct
ing magnets, 1,200 of which will be
supplied by industry.

BROOKHAVEN
HERA helps RHIC

DESY
QCD workshop

Superconducting magnets for the
second full cell of prototype magnets
for Brookhaven's RHIC heavy ion
collider have been tested on a stand
using components on loan from the
HERA electron-proton collider at the
Hamburg DESY Laboratory.
Like RHIC, the HERA proton ring
uses superconducting magnets to
guide the particles round the ring.
With HERA now operational, test
equipment became available.
A full cell is the smallest string of
magnets that can focus a beam
vertically and horizontally as well as
just bending it. Since the first RHIC
full-cell test in 1990, modifications to

The traditional annual DESY Theory
Workshop highlights a topical theory
sector. The most recent was under
the motto 'Quantum Chromo-Dynamics' - QCD, the field theory of quarks
and gluons. The organizers, chaired
by O. Nachtmann, had arranged a
programme covering most aspects of
current QCD research. This time the
workshop was followed by a topical
meeting on 'QCD at HERA', organ
ized by J. Bartels, to look at the
electron-proton scattering experi
ments now in operation at DESY's
new HERA collider. An important
DESY Theory Workshop tradition is
for younger physicists to present their
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At the recent DESY Theory Workshop, left to
right, Gunter Wolf, A. Bartl, Otto Nachtmann
(Photo P. Waloschek)

field theory in general and to HERA's
new kinematic frontiers were consid
ered (P. Landshoff, A. White, R.
Kirschner, E. Verlinde, G. Ingelman).
Small momentum transfer (Q )
conditions also give insight to the
colourful life of the photon, in terms
of quark and gluon structure (G.
Schuler).
2

work in parallel sessions.
After a welcome by DESY Director
Bjorn Wiik, reporting HERA's improv
ing performance and encouraging
joint theory-experiment efforts, the
attention naturally focused on QCD in
lepton-nucleon scattering.
Taking current issues in fixed-target
measurements of the nucleon's
quark structure, such as problems of
the proton spin and violation of sum
rules, as a starting point (E. Kabuss)
the new results from HERA were
presented (R. Yoshida, J. Gayler).
The observed increase of the density
of partons with small fractions (x) of
the proton energy (October 1993,
page 10) caused excitement due to
its impact on QCD at small-x', a topic
now much under discussion (J.
Kwiecinski, A. Mueller, M. Ryskin).
The standard evolution equations
for parton branching processes are
here insufficient and new equations
with acronyms like BFKL and GLR
(for their originators Balitzky-FadinKuraev-Lipatov and Gribov-LevinRyskin) are now being investigated. It
was questioned whether the HERA
£
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data is a sign of 'BFKL-behaviour' or
can be understood in more conven
tional ways using various parton
density parametrizations, which were
therefore examined in detail (A.
Martin, J. Stirling, W.K. Tung, A.
Vogt).
The increasing parton density at
small x will ultimately lead to an
'overcrowding' in the proton and
produce new phenomena, such as
the fusion of two soft gluons into a
more energetic one. The non-linear
GLR equation attempts to describe
this, but is debated by theorists
together with the possibility for
subregions in the proton with aboveaverage gluon density, so-called 'hot
spots' that might show up at HERA.
The discovery at HERA of 'rapidity
gap' events with little visible forward
energy (September 1993, page 6),
and looking like diffractive scattering,
is proposed by theorists as a new
way to investigate the mysterious
pomeron, introduced decades ago as
a force mediator in elastic and
diffractive scattering. Attempts to
relate such phenomena with QCD

The better known perturbative QCD
effects in electron-positron, electronproton and proton-antiproton colli
sions do nowadays provide high
precision tools to test QCD parton
emission processes and measure the
fundamental strong coupling (alpha-s). Recent Fermilab Tevatron
data (reported by G. Blazey) provide
impressive examples, such as jet
production rates in agreement with
QCD over some ten orders of magni
tude! Various ways to improve
calculations and extract information
from data were here considered in
detail (S. Catani, W. van Neerven, B.
Webber, B. Andersson, T. Boedeker,
Yu. Dokshitzer, V. Khoze, J. Smith).
The lattice gauge theory approach
to solve QCD in the strong coupling
regime was another main workshop
theme. This development has (ac
cording to C. Rebbi) gone from an
initial period in the early 80s where
new techniques had just been in
vented and 'gold nuggets' were easy
to find, to the hard 'mining' work
necessary today but made possible
by an enormous development of
calculational methods and computer
power.
Progress on calculating the running
coupling, the important heavy quark
decay constants and other issues
were reported (U. Wolff, S. Guesken,
G. Schierholz). Other approaches to
understand non-perturbative QCD,
such as QCD sum rules along with
vacuum structure in terms of various
condensates, were also discussed
(H.G. Dosch).
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Time-of-flight distribution of polarized very
slow muons emitted from a solid argon layer
for a flight path of 1 metre at the Swiss Paul
Scherrer Institute. The very slow muons are
accelerated in a two-stage system with the
aluminium substrate held at a potential of 8kV.
The peak at317ns corresponds to an initial
muon kinetic energy of 10 eV; 1 eV muons
appear at 332 ns, and 50 eV muons at 295 ns.

Under the heading 'nuclear
chromodynamics' it was vigorously
argued (S. Brodsky) that nuclei can
change the QCD environment to
produce interesting phenomena such
as colour filtering to measure colour
transparency and test the hypothesis
of an intrinsic heavy flavour content
in the proton.
Altogether, it was made quite clear
that QCD is well established and
tested. Yet, "the problem of deeply
inelastic scattering ... is [only] half
solved" (to quote F. Wilczek at the
Aachen 1992 QCD workshop) and
open problems such as small-x and
non-perturbative QCD will continue to
attract much attention.
By Gunnar Ingelman

(DESY)

PSI
Very slow polarized
muons
At the 'pion factory' of the Swiss Paul
Scherrer Institute, a collaboration of
PSI, Heidelberg and Zurich (ETH)
headed by Elvezio Morenzoni has
recently produced intense beams of
positive muons which have kinetic
energies as low as 10 eV and with
complete polarization (spin orienta
tion).
The new results were achieved at a
surface muon channel, transporting
positive muons from the decay of
positive pions stopped at the surface
of a pion production target. Surface
muons with 4 MeV kinetic energy
were transported by a conventional
secondary beam channel and par
tially stopped in a moderator consist
ing of a layer of solidified noble gas
deposited on a cold metallic
substrate. The method is similar to
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that widely used to produce very slow
positrons (although the underlying
physics may be different) - energetic
positively charged particles slowed
down in certain materials can be reemitted with kinetic energies of just a
few eV. This moderation technique
was first applied to muons at the
Canadian TRIUMF Laboratory in
Vancouver in the late 1980s.
At PSI, it has now been shown that
by using a solid argon or neon layer,
the probability of converting a surface
muon (kinetic energy 4 MeV) to a
muon of a few eV can be made as
large' as 1 0 and, most important,
with the muon retaining its initial
polarization.
This is an essential step towards
the use of muons in a number of new
applications. A solidified-gas modera
4

tor inserted into a secondary surface
muon beam can be used as the
source of a tunable tertiary beam of
polarized muons with energies
between 10 eV and a few tens of
keV.
PSI's new high-intensity beamline,
which after completion of the current
accelerator upgrade will deliver
several hundred million surface
muons per second, can give a source
flux of about 10 very slow polarized
muons per second.
Such tertiary muon beams have a
vast potential of applications in
condensed-matter and particle
physics. The muon spin rotation
technique with secondary surfacemuon beams is well established, and
at PSI a large community of users
applies it to investigations in solids,
4
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