
ISR Experiments 
A preliminary look at the types of experiment 
which could be mounted at the ISR when they 
come into operation in 1971. 

The t ime is fast approach ing when the 
thoughts about possible exper iments at the 
ISR have to take def in i te shape so that 
exper iments wi l l be ready for the date 
when co l l id ing beams become avai lable. 
Two years may seem ample t ime to pre­
pare an exper iment but exper imentat ion 
at the ISR is l ikely to take much longer in 
preparat ion than at a convent ional acce­
lerator. The exper imental set-up wi l l in­
volve an integral part of the ISR and wi l l 
not be something fed from afar wi th par t i ­
cles. Problems such as ensur ing that the 
magnets used in the exper iment do not 
disturb the del icate stabi l i ty of the c i rcu ­
lat ing beams, ensur ing that the vacuum 
vessel in the interact ion region is appro­
pr iate for the experiment, and so on, may 
wel l involve the instal lat ion of unique com­
ponents wh ich cannot be const ructed over­
night. 

Since the beginning of this year a wor­
king party of exper imental physicists and 
machine bui lders have met regular ly to 
tack le some of these problems in detai l . In 
June, par t ic ipat ion in these discussions 
was extended to all interested European 
groups when an ISR Users Meet ing was 
held at CERN. More than a hundred poten­
tial users took part and the interest that 
was generated has led to several European 
col laborat ions becoming busy developing 
proposals for exper iments. A second Users 
Meet ing is scheduled for 2, 3 December. 

Experimental equipment 

It is probable that in at least one of the 
two interact ion regions, where exper iments 
are init ial ly p lanned to take place, a large 
general purpose magnet system wi l l be 
instal led. It wou ld serve to analyse the 
high energy part ic les produced in the 
proton-proton col l is ions and its design 
wou ld need to cover a rather narrow cone 
around the two downstream vacuum pipes. 
In this cone most of the high energy part i ­
cles wi l l emerge. 

Several designs for such a magnet sys­
tem are now under examinat ion. Their 
main feature is that they must bend out the 
col l is ion part ic les wi thout, overal l , distur­
bing the c i rcu lat ing beam. The system of 
magnet ic f ie lds must compensate for any 
effect on the beams. 

Other devices wi l l be needed to take 
measurements on the beam so that the 
exper imenters know what sort of init ial 
condi t ions have produced the part ic les 
they observe. Thus, for example, to make 
cross-sect ion measurements informat ion on 
the beam currents, the beam shapes and 
the volume wi th in wh ich the beams are in­
teract ing when they pass through one ano­
ther is essential . 

Methods of f ind ing the beam shapes in 
the interact ion regions such as by swee­
ping a th in wi re at constant veloci ty across 
the beam have been proposed. A set of 
counter te lescopes cou ld be used to detect 
the forward emit ted part ic les from co l l i ­
s ions wi th the wire. 

Some possible experiments 

The range of energy beyond that avai lable 
at present machines is often cal led the 
'asymptot ic region' s ince the energy 
extends to infinity. It is expected that par­
t ic le phenomena wi l l become much s im­
pler at much higher energies and thus 
more easily understood. By ref lect ing back­
wards to present energies it is possib le 
that much of the st i l l confused behaviour 
that is now observed wi l l become clearer. 

The ISR is going to give a l imited look 
into a very high energy region. Several 
'expectat ions ' can be put forward but 
most of the fascinat ion in using the ISR 
lies in the fact that no-one knows what 
phenomena wi l l be revealed — Nature has 
always proved r icher than man's imagina­
t ion. 

Exper iments at the energies avai lable on 
exist ing accelerators have given evidence 
of two dominent mechanisms in par t ic le 
interact ions — part icular ly in the two-body 
or quasi two-body interact ions (those invol­
v ing two inc ident part ic les and two out­
go ing part ic les). These mechanisms are 
known as di f f ract ive processes and ex­
change processes. With the di f f ract ive 
process the outgoing part ic les have the 
same internal quantum numbers as the 
incident part ic les ; wi th the exchange pro­
cess the outgoing part ic les have dif ferent 
internal quantum numbers — and hence 
the name 'exchange' s ince someth ing car­
rying quantum numbers must have passed 
between the incident part ic les in the inter­
act ion. 

A str ik ing d i f ference in the behaviour of 
the two processes is seen in the l imi ted 
energy range invest igated so far, namely 
that they vary wi th energy in a very dif fer­
ent way. If no quantum numbers are ex­
changed, the cross-sect ion for the inter­
act ion varies l i t t le as the energy is increa­
sed but if quantum numbers are exchanged 
the cross-sect ion fal ls off very rapidly as 
the energy is increased. (Also, there ap­
pears to be hierarchy in the quantum num­
bers — the rate of fal l off depends upon 
what is exchanged.) To take a speci f ic 
example — the cross-sect ion of the two 
body process involving the N* resonance of 
mass 1238, wh ich has a di f ferent isospin 
quantum number 

p + p - > n + N * + + (1238) 
wi l l be down by a factor of a thousand at 
ful l ISR energy, if it cont inues to fal l at 
the rate observed so far. 

Since the abi l i ty to t race phenomena 
over a very big energy range is one of the 
prominent exper imental features of the ISR, 
it wi l l be possible to extend the study of 
these di f ferences in considerable detai l . 

One of the f irst exper iments to be done 
wi l l be the measurement of the pro ton-
proton elast ic scat ter ing. 

p + p - > p + p 

It is expected that, even at the very high 
energies avai lable, the elast ic scat ter ing 
cross-sect ion wi l l be a s igni f icant f ract ion 
of the total cross-sect ion — that protons 
wi l l cont inue to bounce off one another 
very often rather than t ransforming into 
other part ic les. One of the f irst th ings the 
exper iment wi l l reveal is whether this ex­
pectat ion is true. 

The way in wh ich they 'bounce o f f says 
something about the size and the st ructure 
of the part ic les. Does the proton effect ive­
ly grow in size in higher energy interac­
t ions ? What is the proton structure — 
does it have an i r reducib le, hard core wi th 
a dif fuse sphere of inf luence around it ? 
What is the mechanism of the scat ter ing 
process ? Measurements of the angular 
d ist r ibut ion of the scat tered part ic les and 
the way this d ist r ibut ion varies wi th energy, 
together wi th some theoret ical ideas, wi l l 
g ive answers to this type of quest ion. 

At energies so far invest igated in the 
GeV range, the elast ic scat ter ing is largely 
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'd i f f ract ion scat ter ing ' where the d is t r ibu­
t ion of the scat tered protons is strongly 
inf luenced by the many possib le ' inelast ic ' 
processes (where other par t ic les are for­
med) wh ich can occur . The angular d ist r i ­
but ion is strongly peaked in the forward 
d i rect ion, in other words, the scat tered 
protons move predominent ly in the direc­
t ion of the incident part ic les. This di f f rac­
t ion peak has been shown to shr ink (its 
w id th decreasing) wi th increasing energy. 
It is the detai led shape of this d i f f ract ion 
peak and its var iat ion wi th energy wh ich 
wi l l be of interest at the new energies made 
avai lable at the ISR. 

To point to a few of the exper imental 
compl icat ions. A specia l vacuum chamber 
wi th thin wal ls wi l l be needed where the 
scat tered protons emerge to avoid losing 
precis ion in the measurement of their true 
scatter ing angle due to the scat ter ing 
introduced in the wal ls. Care wi l l be need­
ed to ensure that the measured protons 
come from a true beam-beam interact ion 
and not f rom a col l is ion wi th a proton in 
the residual gas in the vacuum vessel. (The 
fact that the two scat tered protons would 
lie almost along the same line t ravel l ing 
in opposi te d i rect ion wi l l help to d is t in­
guish them correct ly.) Also the momentum 
measurements on the scat tered protons 
must ensure that no other part ic les have 
been produced in the col l is ion (the event 
wou ld then not be an elast ic scat ter ing 
event). Wire spark chamber and counter 
arrays could be used to detect and mea­
sure the t ra jector ies of the protons. 

A further development, wh ich cou ld take 
place if it proves possib le to accelerate 
deuterons in the PS and store them in the 
ISR, would be to invest igate the proton-
neutron interact ion. It should be possible 
to extract the proton-neutron scat ter ing 
occur r ing in the deuteron, assuming that 
the proton-proton scat ter ing is known. 

Total cross-sect ion measurements, by 
observing the loss of part ic les f rom the 
interact ion region, is another important 
exper iment tak ing in both elast ic and ine­
lastic scat ter ing. The way in wh ich the 
total cross-sect ion of the proton-proton 
and the proton-neutron interact ion varies 
wi th energy is of fundamenta l impor tance 
to check ideas about the asymptot ic nature 

of strong interact ions. The expectat ion is 
that at suff iciently high energies the cross-
sect ion wi l l no longer vary wi th energy and 
wi l l become equal for both interact ions. 

One of the first exper iments wi l l be a 
survey type exper iment wh ich adds up the 
energy of two outgoing protons to see 
what they have lost in the interact ion. It 
may emerge that part icular amounts of 
energy are frequently ' lost ' indicat ing that 
part ic les, equivalent in mass to these lost 
energies, are being produced. 

The product ion of other part ic les when 
two high energy protons col l ide is an ob­
vious source of interest. It is another way 
to look at the structure of the proton. 

When two protons col l ide they may shake 
each other so violent ly that other par t i ­
cles are shaken off f rom them. If the pro­
ton is considered as a c loud in which there 
is some sort of structure, the product ion of 
new part ic les can be considered as the 
tear ing away of part of the c loud. The most 
prol i f ical ly produced part ic le is the pion, 
wh ich is a l ight part ic le easily knocked 
off f rom the proton — energies of around 
140 MeV are suff icient. They can be cons i ­
dered as the const i tuents of the outer rim 
of the c loud. At higher energies, kaons 
and hyperons, or, at higher energies st i l l , 
pairs of nucléons can be produced as if 
coming from deeper in the proton struc­
ture. 

As energies at convent ional accelerators 
have been pushed higher, the predominant 
observat ion in part ic le product ion has been 
that, as the proton is shaken more and 
more violent ly more and more pions are 
produced. (The predominant observat ion 
might have been that, instead of more and 
more pions, fewer heavier part ic les were 
produced) . The co l l id ing protons fly off 
wi th their c louds exci ted to high energy 
(these exci ted states are cal led isobars) 
and return to their normal state by emit­
t ing pions. In such a col l is ion very l i t t le 
of the avai lable energy goes into the pro­
duct ion of new part ic les. The 'normal state' 
protons wh ich result sti l l keep say 6 0 % of 
the init ial co l l id ing proton energies. Occa­
sional ly, however, the protons share the 
ful l energy of the col l is ion forming for an 

instant someth ing like a hot droplet f rom 
wh ich heavy part ic les can boil off. 

To examine these phenomena at ISR 
energies wi l l be very intr iguing. Again the 
exper imenta l demands wi l l be qui te s t r in­
gent and detect ion arrays wi l l have to cope 
wi th the product ion of many part ic les per 
co l l is ion. 

Two searches for heavy mass part ic les 
of vi tal interest in sub-nuclear physics 
become much more interesting wi th the 
energies avai lable at the ISR. 

The f irst of these is the quark, the par­
t ic le postulated to explain the observed 
patterns in the list of strongly interact ing 
part ic les. The exper imental searches so far 
indicate that if the quark exists it has a 
mass probably in excess of 2.5 GeV. But 
the high energy of the ISR may be ample 
for product ion of the quark. 

The second elusive part ic le is the inter­
mediate vector boson, the postulated me­
diator of the weak interact ion (just as the 
pion is the mediator of the strong interac­
t ion and the proton of the e lect romagnet ic 
interaction.) Experiments at convent ional 
accelerators have fai led to reveal the W 
and suggest that if the part ic le exists its 
mass is in excess of 2 GeV. Here again the 
high energies avai lable at the ISR could 
be ample to produce the intermediate 
boson. 

These are some general thoughts about 
the exper imental programme at the ISR. 
The deta i led work on prepar ing proposals 
for speci f ic exper iments is now under way. 
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