
tantalizing candidates. The GAMS 
detector operated by a 
CERN/USSR collaboration (May 
1988, page 21) has seen signs of 
a 1405 MeV meson decaying into 
an eta and a neutral pion whose 
exotic quantum numbers (1-+) and 
unit isospin imply that it cannot be 
a glueball, suggesting rather a 
bound state of t w o quarks and t w o 
antiquarks or a hybrid. 

Frank Close and Harry Lipkin 
have noted that if it is the former 
then its decay into an eta and a 
pion should dominate over decay 
into eta prime and a pion, while if it 
is a hybrid, the reverse should be 
true. The same group has reported 
a scalar G(1590) decaying into t w o 
etas or an eta and an eta prime. 
The measured branching ratios for 
the G(1590) into similar particles 
are not those of a conventional 
quark-antiquark meson. Other 
studies have explored the gluon-
rich J/ps i radiative decay for non-
quark-antiquark candidates such as 
the eta(1440) and the f 2 (1750) 
(formerly the iota(1440) and the-
ta(1750) respectively). 

There is still much work to be 
done in light meson spectroscopy 
to carefully map out the conven
tional quark-antiquark sector. In 
trying to identify the eta(1440) as a 
glueball candidate, several quark-
antiquark states could also inhabit 
this mass region and obscure the 
view. There are also missing 
meson nonets, and a clear map of 
all these particles is needed so that 
other states can be definitively la
belled. 

In the past decade, there have 
been a number of experiments in 
meson spectroscopy at Brookhav-
en's Alternating Gradient Synchro
tron (AGS) using the Multiparticle 
Spectrometer (MPS). One observed 
the 2++ f2 (formerly gy) meson at 
2 2 4 0 MeV decaying into a pair of 

phis. Another made a close study 
of the confusing 1440 MeV region 
in neutral kaon pair plus pion spec
tra. A recent experiment has 
looked for hybrid states in the 
pion-f i (1285) channel. Analysis is 
in progress. 

The recent advances in light-
meson spectroscopy point to the 
importance of being able to detect 
all the possible pseudoscalar de
cays of candidate states and find 
branching ratios. The rich results 
obtained by GAMS demonstrate 
the advantage of studying systems 
wi th constrained quantum num
bers, coupled with excellent detec
tion of photons and charged parti
cles. 

A new Brookhaven experiment, 
by a Brookhaven/lndiana/Louis-
v i l le /Moscow State/Notre 
Dame/Serpukhov/Southeastern 
Mass/Washington collaboration, 
has been approved at the AGS to 
use the MPS with extensive up
grades. These are motivated by re
cent developments in experimental 
meson spectroscopy and include 
the addition of a 3000-element 
lead glass calorimeter, a cesium 
iodide barrel surrounding the target 
placed inside the MPS magnet, im
proved tracking and a segmented 
Cherenkov counter. 

Initial running will use a 21 GeV 
negative pion beam and a liquid hy
drogen target. The upgrades will 
permit simultaneous detection of 
neutral and charged modes and 
help establish branching ratios. A 
key feature is the ability to recon
struct photons in the trigger and, 
for example, to require the pres
ence of an eta decaying into t w o 
photons. The excellent coverage in 
decay angles, coupled with high 
statistics, will permit a complete 
angular momentum analysis, crucial 
in the search for missing nonets or 
states not composed of a quark-

antiquark pair. 
These MPS upgrades are seen 

as the beginning of a lively pro
gramme in precision meson spec
troscopy which will complement 
the GAMS studies at Serpukhov 
and CERN and other approaches. 
The apparatus will be assembled 
by the end o f .1992 with first data-
taking (2000 hours total) antici
pated in early 1993. 

From Alex R. Dzierba 

(Important contributions to particle 
spectroscopy also come from oth
er areas, for example experiments 
at CERN's LEAR low energy anti-
proton ring - see page 17, two-
photon physics and radiative J/psi 
decays at electron-positron collid
ers, charm spectroscopy at collid
ers and in fixed target experiments, 
and fixed target central particle 
production.) 

CERN 
Important summer 
for LEAR physics 

An integral part of CERN's compre
hensive antiproton facilities is the 
LEAR low energy antiproton ring 
which came into action for physics 
in 1983 and has gone on to host 
many experiments looking at a 
wide range of physics topics. 

Wi th CERN's big SPS proton-an-
t iproton collider now in what could 
be its final production physics run 
after an illustrious career which be
gan in 1 9 8 1 , the face of antiproton 
physics at CERN will change over 
the next few years. However LEAR 
runs independently of high energy 
antiproton operations, and any 
phasing out of collider operations 
has no direct impact on LEAR. 
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This summer several meetings 
looked at current progress and fu
ture possibilities for low energy an-
t iproton physics at CERN. The 
LEAP meeting at Stockholm in July 
gave an overview of the many in
teresting results to emerge f rom 
the first round of LEAR experi
ments. A workshop at CERN in 
June examined new ideas for future 
experiments wi th low and medium 
energy antiprotons, providing im
portant input to a special meeting 

in the alpine resort of Cogne in 
September, where the objectives 
were to review in-depth the pre
sent programme and look towards 
a long range future for LEAR. 

Among the most important re
sults presented at Stockholm was 
a new meson, the A x state at 1565 
MeV seen (in charged pion spectra) 
several years ago at the old Asterix 
experiment at LEAR and now con
firmed (in neutral pion spectra) by 
the new Crystal Barrel detector 

The Crystal Barrel experiment at CERN's 
LEAR low energy antiproton ring has con
firmed (in neutral pion spectra) the Ax state 
at 1565 MeV reported several years ago in 
charged pion spectra by the Asterix experi
ment, also at LEAR. 

(January/February, page 17). The 
2 + spin-parity assignment suggests 
a four-quark state (two quarks 
paired wi th t w o antiquarks), but 
more work is needed to pin this 
down. 

In annihilations producing a hy-
peron-antihyperon pair close to 
threshold, tffe PS 185 group looks 
at the production of strange parti
cles. They find that almost every 
lambda-antilambda particle pair 
(and so presumably every strange 
quark-antiquark pair) is produced 
wi th the t w o component spins al
igned (triplet state), independent of 
energy f rom 200 MeV down to 
threshold. 

The Franco/Italian PS 170 colla
boration has the as yet most pre
cise data on the electromagnetic 
form factor of the proton in the 
time-like region from studies of 
proton-antiproton annihilation into 
an electron-positron pair at rest 
and in flight up to 900 MeV. In
stead of being smooth, the result is 
surprisingly bumpy, raising ques
tions about the conventional (vec
tor meson dominance) model or 
suggesting a new resonance. 

T w o experiments using polarized 
hydrogen targets see marked left-
right asymmetries. PS 172, looking 
at charged pion and kaon pairs, 
sees asymmetries varying rapidly 
wi th momentum and often reaching 
100 per cent. This behaviour, as 
well that seen by PS 199 looking 
at the production of neutron-anti-
neutron pairs, cannot be explained 
easily by the conventional picture 
of meson exchange. 

A t ultra-low energies, the PS 
196 Harvard/Mainz collaboration 
has taken 5 MeV antiprotons down 
to even lower energies, using a 
Penning trap and electron cooling 
to attain cryogenic temperatures (a 
fraction of a millielectronvolt -
March, page 3), measuring the 
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mass of the antiproton down to a 
few parts in a hundred million. 
These techniques have consider
able potential for new precision 
measurements. 

A t the Cogne meeting, both the 
current LEAR programme and fu
ture ideas were examined. The ma
chine was thought to have an inter
esting physics potential for the 
next three years at least, wi th three 
broad avenues of interest - meson 
spectroscopy (with the Crystal Bar
rel, Jetset and Obelix second-gen
eration experiments prominent); 
the violation of CP symmetry 
(where the CP-LEAR study is set to 
make valuable contributions); and 
the unique high precision experi
ments at ultra-low energies. Con
tinuation into and beyond 1994 will 
depend on the results of the ongo
ing programme, and the situation 
should be reconsidered in about 
t w o years. 

Recent measurements f rom 
CERN and Fermilab on CP symme
try violation in the neutral kaon 
sector have revived interest in this 
physics and the lambda polarization 
f rom the PS 185 experiment offers 
a prospect of studying CP violation 
in lambda decays. However the 
feasibility of such an experiment, 
which would need to amass sev
eral billion proton-antiproton annihi
lations into lambda-antilambda 
pairs, needs to be looked at. 

Another appealing option for the 
medium-term future is construction 
of an inexpensive facility dedicated 
to producing very slow antiprotons 
for high precision atomic physics 
experiments, such as the manufac
ture and spectroscopy of antihy-
drogen atoms. 

SuperLEAR, a new idea wi th su
perconducting bending magnets 
and gas-jet targets, has attractions 
for extending meson spectroscopy 
beyond the current LEAR and Fer

milab ceilings. In particular, the 
search for charmed 'hybrid' states 
(containing a charmed quark-anti
quark pair and a gluon) looks prom
ising because the charm spectrum 
is already well understood and any 
additional state will be easy to 
identify. However the physics case 
for such a machine is premature 
and the situation will be reviewed 
in t w o years when more spectros
copy data has appeared from LEAR 
and Fermilab. 

ARGONNE/ 
NOVOSIBIRSK 
Storing polarized 
deuterons 
Promising new results come f rom a 
collaboration between the Institute 
of Physics, Novosibirsk, and the 
US Argonne Laboratory, initiated in 
1988 to look at the possibilities for 
using polarized (spin oriented) gas 
targets in high current electron 
storage rings, the object being to 
maximize target polarization levels. 

Using a polarized deuterium gas 
target in the 2 GeV VEPP-3 elec
tron ring at Novosibirsk, the tensor 
analysing power (a measure of the 
electron-deuteron scattering for 
deuterons with the appropriate 
spin-orientation) up to momentum 
transfers of 3 inverse fermis has 
been measured by the two groups, 
led by S. Popov at INP and R. Holt 
at Argonne. 

The success of this experiment 
shows the feasibility of using a 
storage cell - an open-ended tube 
coaxial wi th the electron beam -
for getting more polarized deuter
ium atoms in an electron storage 
ring. 

The storage cell, manufactured 
at Argonne, increased the effective 

total target thickness fifteenfold 
compared wi th a conventional po
larized jet target. The target polari
zation was 60 per cent. 

A depolarizing effect arising 
from the intense time-dependent 
magnetic field created by the elec
tron beam pulses was minimized 
by placing th$ target in a 1-kgauss 
magnetic field. 

Following this success, a new 
target cell is being constructed 
which should increase effective 
thickness by a factor of 90 over a 
conventional polarized jet target, 
and extend the results to higher 
momentum transfers. 

Apart f rom advancing the tech
niques of spin physics, this work 
probes the electromagnetic struc
ture of the deuteron, the simplest 
nucleus, where polarization 
measurements provide deeper in
sights. 

Polarized hydrogen atoms have 
been stored in cells before, but thi< 
work exploits the technique for ex
periments at a storage ring. New 
ideas have also been tabled for in
ternal polarized targets in storage 
rings at DESY and at CERN. 

Elastic electron scattering from (tensor-)po-
larized deuterons against momentum trans
fer (horizontal axis), with new results from a 
Novosibirsk/Argonne collaboration reaching 
out towards the dip suggested by theoreti
cal models (curves). 
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