
Half the 6.3-kilometre superconducting pro
ton ring (top) of the HERA electron-proton 
collider at the German DESY Laboratory in 
Hamburg has now been cooled to liquid he
lium temperatures. Underneath are the con
ventional magnets of the HERA electron 
ring. 

(Photo P. Waloschek) 

cooled to 4.4K, making it one of 
the wor ld 's major cryogenic instal
lations. 

In the cooldown, supercritical 
helium at a pressure of 4 bar and 
4.8K (it cannot boil under these 
conditions) is first passed through 
a heat exchanger in a pre-cooler 
box and enters the magnet chain at 
2.4 bar and 4.35K. The supercriti
cal helium is in contact wi th practi
cally all parts of the magnet to be 
kept cold. 

The helium is expanded to 1.05 
bar through a Joule-Thomson 
valve, when a mixture wi th about 
95 per cent liquid results. This is 
returned to the pre-cooler box 
through a tube passing through all 
the magnets. The heat loads of the 
magnets slightly increase the va
pour content and the helium boils 
as heat leaks in. Its temperature 
depends only on the pressure, cor
responding to 1.1 bar at 4.35K. 

Cooldown time aimed to minim
ize mechanical stresses due to 
temperature gradients, and wi th 
more experience the process could 
probably be speeded up. 

Earlier this year a smaller portion 
(octant) of the ring was cooled 
down and in a test of the quench 

protection system was powered to 
6000 ampere, corresponding to a 
proton energy of 980 GeV. The 
nominal value is 5027 ampere for 
820 GeV. In June, beam position 
monitors were tested with a 7 GeV 
positron beam. 

BR00KHAVEN 
Hunting 
for unusual mesons 

In the late 1960s, meson spectros
copy was providing crucial evi
dence for what was to become the 
naive quark model - mesons wi th 
electric charge and strangeness va
lues of ± 1 or 0 are grouped in 
nonets whose spin, parity and 
charge conjugation quantum num
bers corresponding to a nonrelativ-
istic bound state of a quark and an 
antiquark, each carrying half a unit 
of spin angular momentum. 

A number of experiments 
searched for, but did not f ind, 
mesons that were doubly charged 
or carried t w o units of strangeness 
(exotics of the first kind). Other 

searches looked for more exotic 
mesons, whose spin, parity and 
charge conjugation quantum num
bers were inconsistent wi th the 
naive quark model (exotics of the 
second kind, e.g. 0--, 0 + - J - + , or 
2+-)-

After the overwhelming exper
imental evidence for the quark 
model came the notions of colour 
and confinement which explained 
why quarks should prefer to bind in 
'colourless' systems - quark-anti-
quark (mesons) and three quarks 
(baryons). 

But these are only the minimal 
colourless systems. Also possible 
are multiquark states such as t w o 
quarks and t w o antiquarks - quark 
molecules made up of colourless 
mesons. Quantum chromodynam-
ics (QCD), the field theory of 
quarks and the coloured gluons 
(which carry the inter-quark force) 
predicts 'glueballs' - gluons bound 
by the same attractive forces that 
bind quarks. 'Hybrid' combinations 
are also possible - bound states of 
quarks and gluons. 

The plethora of mesons pre
dicted by QCD should include exo
tics both of the first and second 
kind. Frank Close made a pointed 
observation, referring to the latter 
- 'had such a state been found in 
1968, it would have undermined 
the naive quark model. If one is 
found tomorrow, it will be greeted 
wi th enthusiasm as proof for the 
quark-gluon theory of hadronic par
ticles. This interesting turnabout is 
the stuff of theses on the philoso
phy of science'. 

A number of experiments in the 
last decade examined hadronic pro
duction, proton-antiproton annihila
tions and J/ps i radiative decays for 
signs of states not made of quark-
antiquark pairs. There are no com
pletely unambiguous glueball or hy
brid states but there are several 
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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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