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Small-x (momentum fraction carried by struck 
quark) data on nucleon structure from the 
HERA electron-proton collider at DESY, 
Hamburg, from H1 and ZEUS experiments. 
The curves show different theoretical predic
tions, bracketed by curves assuming very 
different gluon distributions at low x. The 
momentum density of gluons inside the proton 
clearly increases in this range. 

mathematically proved. 
The latest excitement with theorists 

is a proof that, under certain assump
tions and in model environments far 
from reality, quarks can only exist in 
colourless combinations. This is the 
first theoretical proof that quarks 
cannot exist alone and explains why 
hadrons - clusters of quarks, each 
carrying fractional electric charge -
only have familiar integral electric 
charges. 

As well as their electric charge, 
quarks have another charge-like 
property called 'colour', denoted as 
red, green and blue. Although quarks 
are not really coloured, the descrip
tion is useful because, according to 
the hypothesis of colour confinement, 
quarks always combine to make 
colourless hadrons in the same way 
that different coloured light mixes to 
make white. Colour confinement also 
forbids hadrons with fractional 
electric charges, but the hypothesis 
that they are forbidden has never 
been proven theoretically until now. 

In two recent compelling papers, 
Nathan Seiberg of Rutgers and Ed 
Witten of Princeton show that quarks 
are confined in colourless hadrons. 
Confinement is shown in the wonder
land of N=2 supersymmetry (where 
there are two supersymmetric part
ners for each ordinary particle); by 
'soft-breaking' the proof is extended 
to the one-to-one N=1 sector. How
ever much remains to be done to 
reach the real world. 

The new development confirms 
superconductor analogies which 
describe how, if two magnetic 
monopoles were placed inside a 
superconductor, the lines of magnetic 
flux would just go directly from one to 
the other, forming a confining poten
tial. Seiberg and Witten use ingen
ious constructions and many different 
past results to show that colour is 
similarly confined. This theoretical 

result is a gratifying combination of 
years of theoretical endeavour. 

The papers are numbers 9408099 
and 9407087 on the high energy 
physics theory preprints bulletin 
board on World Wide Web. 

HADRONS-94 
Soft interactions at 
large distances 

Ten years ago the Institute for 
Theoretical Physics (known since 
1992 as the Bogolubov Institute after 
its founder) of the Academy of 
Science of the Ukraine initiated what 
has become a very successful series 
of annual meetings on strong interac
tions at large distances. 

Although sometimes overshadowed 
by the successes of the Standard 
Model and the theoretical entice
ments of supertheories; the Hadrons 
series has overcome political barriers 
and financial chaos to bring together 
physicists from diverse backgrounds 
to discuss central physics issues. 

The latest workshop in the series 
was held from September 7-11 in 
Uzhgorod (Ungvar), a small univer
sity town in the westernmost reaches 
of the Ukraine, bordering on Hun
gary, Poland, Romania and Slovakia. 

The main topics were: elastic and 
diffractive scattering; probing the 
nucleon at small x (where x is the 
momentum fraction carried by the 
struck quark); spin physics; hadron 
spectroscopy; and collective proper
ties of strongly interacting matter. 

Until recently, the pomeron - a 
hypothetical vacuum quantum 
number exchange governing the 
asymptotic behaviour of total cross 

sections - was associated with 
hadronic reactions only. Now, the 
small-x data on nucleon structure 
from the HERA electron-proton 
collider at DESY, Hamburg, provide 
new information on the nature of the 
mysterious pomeron, establishing a 
link between "soft" (small momentum 
transfer) hadron-hadron and the 
violent interactions of "hard" deep 
inelastic lepton-hadron scattering. 

Latest data on the small-x behav
iour of the proton structure and 
diffractive behaviour were presented 
at the workshop by both HERA 
experiments - H1 (Christophe Royon) 
and ZEUS (Hong Joo Kim). The data 
in the x range 1 0 3 - 1 0 4 are compat
ible with a power 0.2-0.5 increase in 
the richness of the underlying struc
ture. The Gribov-Lipatov-Altarelli-
Parisi QCD fit for these data shows 
that the momentum density of gluons 
inside the proton could increase 
tenfold in this range. 

Hard scattering in both photo-
production and deep inelastic scatter
ing has been observed with concen
trations in distinct kinematical 
regions, an effect called 'rapidity gap' 
in the trade. For the diffractive 
photoproduction events, the hadronic 
final states show a predominantly 
two-jet structure, each jet having 
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CERN is the world's largest laboratory 
for scientific research. 

With 19 Member States, 
it is open to elementary particle physics 

researchers from all countries. 

Visits on demand 
tel. 767 8484 

Microcosm exhibition, 
Monday-Saturday from 9.00 to 17.00 hr, 

entry free. 
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High-Voltage DC/DC-Converters 
Innovation at a fair price 

OUR PRODUCT RANGE: 

• DC/DC-Converters 
• Power supplies in 19" design 
• Open frame modules 
• External switchers, adapters particular 

Attractive pricing by delivery from producer 
Wide input range 2-12V resp. 2-24V 
No minimal load required 
Small dimensions (40x40x20mm) 
Output voltages up to 3kV 
1,5W continuous, 3W peak power 
Output proportional to input voltage 
PCB-mounting 
Small scatter of magnetic field 
Positive or negative output voltage 

• High voltage devices 
• Power supplies for industrial installation 
• Battery chargers 
• Power supplies for Telecom-applications 

Special devices are our strength. 
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Pnysius murmur 

Hadron workshop participants in front of Count 
Schonborn's castle, now the Sanatorium 
Carpathy, near Beregvar. 

transverse energy above 4 GeV. 
Most of the theoretical talks were 

related in one way or another to the 
pomeron, its QCD evolution (M. 
Giffon, F. Paccanoni, M. Bertini, E. 
Martynov) and the confinement 
problem. In deep inelastic lepton-
hadron scattering, the odderon (to 
account for the difference between 
proton-proton and proton-antiproton 
scattering) is excluded by quantum 
number conservation if only electro
magnetic interactions are taken into 
account, but the odderon can be 
exchanged by weak interactions, 
according to the electroweak unifica
tion (L.Jenkovszky). More HERA 
data (including those collected from 
the positron beam) may shed new 
light on the odderon. 

Recent Tevatron data on single 
diffraction dissociation could resolve 
the long-standing problem of how 
fast cross-sections rise. These data 
favour models with a moderate 
increase ("soft" pomeron) such as the 
dipole one. The real part of the 
forward scattering amplitude may be 
affected by oscillations found in the 
slope of the diffraction cone (J. 
Kontros, A Lengyel). 

The absence of clear evidence for 
glueballs - resonances made of at 
least two gluons - is an embarrass
ment for the theory. If the pomeron is 
made of two gluons (with a possible 
quark admixture) then glueballs 
should be related to it. From a fit to 
proton-proton and proton-antiproton 

data, the lowest-lying (spin two) 
glueball was predicted (P. Desgrolard 
et al) to have a mass of 2.75 GeV 
and a decay width 0.55 GeV. 

Fine-structure meson and baryon 
spectroscopy, based on an 
interquark potential, suggested 
earlier by F. Paccanoni and co
authors, was presented by an inter
national collaboration including 
Uzhgorod, Kosice and Presov. The 
potential was derived from a dipole 
gluon propagator and partial confine
ment is among its virtues. It may 
have interesting applications in the 
study of possible phase transitions in 
a non-relativistic quark model with 
density- dependent interactions (W. 
Alberico). 

A first-order phase transition from 
the quark-gluon plasma to hadronic 
matter may proceed by nucleation, 
preceded by deep supercooling (L. 
Csernai, M. Gorenstein), with impor
tant cosmological consequences. 

The proceedings of the workshop 
Hadrons-94 may be ordered from: 
ABUGRIJ@GLUK.APC.ORG The 
next meeting - Hadrons-96 - will be 
held in the Crimea in June 1996. 

From David Atkinson and Laszlo 
Jenkovszky 

1994 is a LEAP year 

Despite its suggestive acronym, the 
Conference on Low-Energy 
Antiproton Physics - LEAP - is 
biennial. The third in the series, 
dominated by recent results from the 
LEAR Low Energy Antiproton Ring at 
CERN, was held from 1 2 - 1 7 Sep
tember in the resort of Bled at the 
foot of the Karawanken mountains in 
northern Slovenia. Organized by the 
Jozef Stefan Institute, Ljubljana, the 
meeting attracted some 100 partici
pants. As with previous meetings 
held in Stockholm (1990) and 
Courmayeur (1992), this conference 
reviewed progress in low energy 
antiproton physics, covering nuclear 
and atomic physics, astrophysics, 
meson spectroscopy, charm and 
strangeness production and funda
mental symmetries. 

In atomic spectroscopy, intriguing 
long-lived bound states of the helium-
4 antiproton atom have been discov
ered and studied with laser induced 
annihilation in helium (see page 16). 
The Crystal Barrel and Obelix col
laborations are studying the meson 
spectrum with unprecedented statisti
cal accuracy and have discovered 
three new mesons. One of them has 
properties consistent with those 
expected for the ground state 
glueball and was reported in physics 
meetings this summer (October, 
page 7). The CPLEAR group has 
established time reversal violation 
in the neutral kaon system. The 
antiproton mass was measured and 
found equal to the proton mass within 
unrivalled accuracy (November, 
page 6). With the technical 
progresses achieved in trapping low-
energy antiprotons, the study of the 
gravitational attraction of antimatter 
and the production of antihydrogen 
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