Around the Laboratories
Participants at the recent workshop on crys
talline beams organized by the GSI (Darm
stadt) Laboratory and held at
Wertheim,
West
Germany.

WORKSHOP
Crystalline beams
Following pioneer w o r k by spe
cialists at the Soviet Novosibirsk
Laboratory some ten years ago, in
terest developed in the possibility
of 'freezing' ion beams in storage
rings by pushing cooling (to
smooth out beam behaviour) to its
limits, the final goal being t o lock
the ions into a neat crystal pattern.
After advances by groups w o r k 
ing on laser cooled ions in traps,
and with several cooling rings n o w
in operation, a workshop on crys
talline ion beams was organized
recently by the GSI (Darmstadt)
Laboratory and held at Wertheim in
Germany.
Some remarkable progress was
reported on the understanding of
the structure and dynamical behav
iour of crystalline beams by mole
cular dynamics (J.P.Schiffer and
R.W.Hasse) and analytical calcula
tions (D.Habs). This w o r k finds no
sharp ion energy where ordering
should start, the finite w i d t h of the
beam playing a special role.
Important effects t o be taken
into account are 'shear' due to the
ring radius (particles on the outside
tend to be slowed down) and the
efficient control of space charge by
the focusing force. F.Mills advo
cated that a ring using modified be
tatron operation could be better
suited to the task than one using
alternating gradient focusing.
In the meantime, advances have
been made using ion traps with las
er cooling. Pioneer studies w i t h
Paul and Penning traps (H.Walther,
R.BIuemel and J.J.Bollinger,
W.M.Itano) have succeeded in
making crystals containing a up to
a hundred ions (Paul trap) or up to
2 0 0 0 ions in cylindrical layers (Pen8

ning trap - see also following arti
cle).
Encouraging from the Paul trap
studies is the apparent absence of
ordered state heating by the alter
nating radiofrequency potential.
However in a disordered 'cloud'
system a Munich group has found
strong heating due to chaotic mo
tion.
In the field of cooling techniques,
O.Poulsen pointed out the advan
tage of lasers over electrons in at
taining temperatures of a fraction
of a degree millikelvin. By coupling
longitudinal and transverse optical
modes, even three-dimensional
cooling is possible. Both methods
promise high longitudinal cooling
rates, and the challenge is to accel
erate transverse cooling and make
it equally fast. P.E.Toschek looked
at the possibilities of using nonli
near light forces t o penetrate the
microkelvin degree region.
Recent achievements of cooling
rings were surveyed by R.E.Pollock, H.Poth and E.Jaeschke, while
D. Moehl of CERN looked at densi

ty limitations achieved in practice.
Conditions are still five to six ord
ers of magnitude away from spatial
ordering in three dimensions.
Unfortunately nobody from No
vosibirsk was at the meeting to
comment on Schottky signal
measurements at the NAP ring
which hint at longitudinal ordering.
Earlier results had suggested that
cooling had succeeded in destroy
ing virtually all momentum spread
in a proton beam, so that the
stored particles look like a string of
beads (with a separation of a f e w
microns).
Although immediate prospects
are dim, insights can still come
f r o m simulation studies of storage
ring lattices w i t h discrete quadru
p l e s and dipoles (I.Hofmann).
These calculations show that rings
w i t h a low number of superperiods
are handicapped (due to coherent
resonances), and that a cooling de
vice must follow each dipole, un
less a shear-free ring can be de
signed. However a longitudinal
chain of ions looks to be possible
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Foreground, the spectrometer
of the
CERN/Orsay experiment at CERN's LEAR
low energy antiproton ring preparing to
compare the masses of the proton and the
antiproton.
(Photo

w i t h existing lattices.
Another problem is h o w t o re
cognize any onset of crystal beam
behaviour once it happens. One
promising method is coherent Rayleigh scattering (R.Neumann). Co
herent Thomson scattering might
w o r k in principle (though technical
ly very difficult), if the cooling elec
tron beam carries a signature of the
ion ordering (G.Dodel). The need to
continue theoretical w o r k on corre
lations was also stressed (C.Toepffer). 'Conventional' diagnostics via
the Schottky noise spectrum are
problematic due to signal distortion
and suppression for correlated par
ticles, and it is questionable w h e t h 
er any ordering can be detected
this way (S.Baird). New ideas using
narrow-band pickups for 1 0 0 0 3 0 0 0 GHz working as confocal op
tical resonators (F.Caspers) placed
many wavelengths away f r o m the
beam could be useful.
In summary, the meeting
showed that ultra high frequency
liagnostics and extensive cooling
Experiments at existing storage
rings need to be pushed before
longitudinal ordering can be de
monstrated. New rings w i t h high
symmetry, little shear and lots of
cooling are needed to g r o w crystal
line beams and open up this area of
accelerator and condensed matter
physics.
From Ingo

Hofmann

CERN
Low energy frontier
While CERN and other big particle
physics Laboratories look t o w a r d
higher energies t o probe deeper in
side the structure of matter (the
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TeV - 1 0 0 0 GeV, or a million mil
lion electronvolts is now a c o m 
monly used unit), three teams
working at CERN's LEAR low ener
gy antiproton ring have another ob
jective - t o look at the behaviour of
very slow antiprotons, comparing
the results with protons to check
the basic principles of the laws of
physics.
LEAR takes GeV-scale antipro
tons d o w n to energies of just a
f e w MeV. A Harvard/Mainz/Wa
shington (PS 196) team uses the
electric and magnetic fields of a
Penning trap as supplementary par
ticle brakes. Also playing a vital
role in this 'cooling' process are el
ectrons, slowed d o w n to a fraction
of an electronvolt in the trap.
These act in turn on the antipro
tons, cooling many of them to be
low one electronvolt.
A t high energies, CERN's antiprotons are regularly held for days

CERN285.1.89).

at a time, however the risks of an
nihilation w i t h atoms of residual
gas increase quickly at lower ener
gies. Nevertheless the PS 196
team manages t o trap antiprotons
for up t o several days - much
shorter than the ten-month world
record for a single electron, but a
great advance on the experiment's
previous antiproton performance.
Although these energies are miniscule by high energy standards,
they are still equivalent to about
the temperature of the sun's sur
face. Initial measurements hope t o
compare the proton and antiproton
masses t o one part in a million, im
proving on the best result so far,
eventually going d o w n lower.
Elsewhere (see previous article),
other experiments using these
techniques have cooled protons
d o w n t o a fraction of an meV (millielectron volt), equivalent t o cryo
genic temperatures, while laser
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