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dramatic changes occur in the struc
ture of a spinning nucleus at certain 
critical values of rotational frequen
cy. In a normal nucleus, neutrons and 
protons move cooperatively in pairs, 
rather like electrons in a supercon
ducting metal. However, as the 
nucleus rotates, the Coriolis force 
causes the pairs to break apart at 
given frequencies and tries to align 
the individual nuclear spins wi th the 
rotation axis. At very high spins, ex
tensive realignment of the nucléons 
is expected. These effects are analo
gous to the quenching of supercon
ductivity by an applied magnetic 
field. Scientists are encouraged by 
these early results and look forward 
to a period of rapid advance in under
standing high spin phenomena in 
nuclei. 

These first experiments are only 
part of the planned programme for 
research using the NSF and scien
tists from many UK universities will 
extend their studies into many differ
ent areas of nuclear physics in the 
near future as the other major pieces 
of equipment are commissioned and 
brought on-line. 

A compilation of world data on the elastic 
scattering of protons on protons compared 
with protons on antiprotons (top), negative 
and positive kaons on protons (centre) and 
positive and negative pions on protons 
(below). The b parameter gives the 
exponential decrease with momentum 
transfer of the elastic scattering spectrum. 
These results suggest that at high energies 
b varies with momentum in the same way 
for all hadrons. 

Universal hadron 
behaviour 
Current dogma says that hadrons 
(particles which interact through the 
strong nuclear force) are composite, 
wi th an internal quark structure. 
Naturally, recent experiments have 
tended to look more at the hard col
lisions when individual quarks crash 
into each other, rather than the soft 

collisions due to collective quark 
interactions. 

However the soft collective inter
actions still have a clear physics in
terest. Axiomatics says that the laws 
of these soft collisions should fol low 
certain fundamental theorems ex
pressed as 'dispersion relations' 
(mathematical convolutions incorpo
rating the natural assumptions of 
analyticity, unitarity and crossing 
symmetry). Each time higher ener-

136 CERN Courier, May 1983 



Left, direct measurements of the total 
pion-proton cross-section and the new 
extrapolation of these results to higher 
energies, based on measurements of small 
angle scattering by a recent experiment at 
the CERN SPS 400 GeV machine. The 
shaded area is the region within which the 

high energy behaviour has to be confined. 
On the right, the corresponding extrapolation 
for proton-proton scattering, from an earlier 
experiment at the Intersecting Storage 
Rings. Disregarding the scale, the similarity 
is striking. 

gies become available, it is important 
to verify these theorems, as their 
breakdown above a certain energy 
would have far-reaching implications 
for our understanding. For instance, 
it could throw doubt on the concept 
of 'causality' — related cause and 
effect. 

Total and elastic cross-sections 
are among the basic yardsticks of 
hadronic interactions. (For a given 
pair of hadrons, the total cross-sec
tion is a measure of how generally 
reactive the particles are, while the 
elastic cross-section measures to 
what extent the particles just bounce 
off each other, without otherwise 
changing their form.) The variation of 
these cross-sections with energy for 
pions, kaons and protons scattering 
from protons is known at the ener
gies accessible in accelerator Labor
atories. The comparison and con
trast of these results provide valua
ble insights. 

New information now comes from 
a recently completed study of small 
angle elastic pion-proton and pro
ton-proton scattering by a Clermont 
Ferrand / Leningrad / Lyon / Uppsala 
collaboration which was the first 
joint CERN / USSR experiment at the 
CERN SPS 400 GeV proton synchro
tron. The apparatus consisted of a 
forward magnetic spectrometer 
equipped with wire chambers, and 
the special IKAR hydrogen ionization 
chamber, built in Leningrad, capable 
of measuring the low energy proton 
target recoils down to energies as 
low as one MeV. 

At very small momentum trans
fers, the level of electromagnetic ef
fects is comparable to the hadronic, 
and this provides a useful probe of 
the hadronic interaction (determining 
the ratio of the real to imaginary parts 
of the scattering amplitude). As the 
momentum transfer increases, the 
hadronic behaviour dominates, and 

parameters of forward elastic scat
tering can be measured. 

The pion-proton measurements 
were analysed with the aid of disper
sion relations. Earlier experiments at 
lower energies had cast some doubt, 
but the new results come down in 
favour of the dispersion relation pic
ture, and moreover show that it is 
valid up to at least 100 GeV beam 
energy. 

Renewed confidence in the ap
proach made it tempting to use the 
technique to extrapolate to higher 
energies, beyond those directly ac
cessible at today's accelerators. The 
pion-proton total cross-section (re
lated to elastic scattering through the 
so-called 'optical theorem') is pre
dicted to continue rising (approxi
mately as the square of the logarithm 
of the energy) up to at least 2000 
GeV pion beam energy, when the 
cross-section reaches 28 mb (see 
diagram). 
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This pion-proton information can 
be usefully compared to that for pro
ton-proton scattering measured by a 
CERN / Rome group at the CERN 
Intersecting Storage Rings. Interest
ingly enough, the rate of increase 
wi th energy is found to be similar in 
the t w o cases, but for proton-proton 
scattering an effective beam energy 
of 10 000 GeV is required to make 
the cross-section increase by 20 per 
cent above its minimum value, while 
in pion-proton scattering this already 
occurs by 2000 GeV. 

The new measurements of the 
(logarithmic) slope of the pion-pro
ton elastic scattering show an in
creased slope at smaller momentum 
transfer, as in proton-proton scatter
ing. Looking at the energy depen
dence at fixed small momentum 
transfer, the slope increases wi th en
ergy at about the same rate in the 
t w o cases — both forward elastic 
scattering peaks shrink wi th energy. 
A compilation of world data on dif
ferent elastic scattering processes 
in fact reveals that at very high ener
gies the same shrinkage will be seen 
for all hadrons. 

These results indicate an under
lying universal behaviour of the 
dynamics of collective quark inter
actions, independent of the quark 
composition of the colliding parti
cles. 

(We are grateful to T. Ekelôf for 
supplying us with this information. 
In a future article, we will go on to 
cover the comparison of proton-pro
ton and proton-antiproton scattering 
data from the ISR and the data from 
the extreme energies attained in the 
SPS proton-antiproton collider.) 

At the Vienna Wire Chamber Conference, 
Georges Charpak from CERN (left) now a 
'father-figure' in the field as the inventor 
of multiwire proportional chambers and 
drift chambers, with V. S. Peskov from 
Moscow University who gave an excellent 
invited talk. 

(Fotozentrum am Schwarzenbergplatz) 

Vienna Wire Chamber 
Conference 
After those of 1978 and 1980, a 
third Wire Chamber Conference was 
held from 15-18 February in the 
Technical University of Vienna. 
There were about 190 participants 
from 25 countries, spanning from 
the East to the far West. The eight 
invited speakers — R. Bock, G. Char
pak, J . Engler, A. R. Faruqui, E. la-
rocci, I. Lehraus, V.S. Peskov, A. H. 
Walenta — covered the field from 
sophisticated applications in biology 
and medicine, via software, to the 
state of the art of gaseous detectors. 
In some forty other talks the speak
ers tackled in more detail the topics 
of gaseous detectors, calorimetry 
and associated electronics and soft
ware. 

The number of participants work
ing in fields other than high energy 
physics was higher than at the two 

previous Conferences in the series. 
Another positive sign was that, 
mixed in wi th the 'o ld ' experts, there 
were a few young and brilliant new
comers giving talks on novel tech
niques like high density projection 
chambers, improvements of TPCs or 
calorimeters wi th barium fluoride 
scintillator. 

The Vienna Coffee House cele
brates its 300th anniversary this 
year and organizers from the Insti
tute of High Energy Physics of the 
Austrian Academy of Science de
cided to schedule long coffee 
breaks. This had a useful side effect 
in that the poster section, with 25 
presentations, was highly fre
quented and a real success. Social 
events included a concert in the old 
University and a Heurigen — an edify
ing evening, devoted to eight white 
wines, called 'Mess-Wein' since 
they are specially selected for con
sumption by priests... 
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