
Physics at London 
This article was prepared by K. W.J. Barnham, 
I. Halliday and I. Siotis (Imperial College, 
London) 

A conference of outstanding interest—a study 
in rapt attention. 

The XVII Internat ional Conference on 
High Energy Physics was held at the 
Imperial Col lege of Science and 
Techno logy , London , f rom 1-10 Ju ly . 
It d rew together about 8 0 0 physicists 
f rom 40 countr ies. K n o w n af fec t ion­
ately as the Rochester Conference, th is 
biennial event is held in rotat ion in 
Europe, the USA and the USSR. 

CERN COURIER'S rev iew of the 
last Conference held at Chicago in 
1972 (Oct . p. 315) detected 'a feel ing 
of exci tement and ant ic ipa t ion ' and 
closed w i t h the words 'whether th is 
feel ing of exc i tement is just i f ied and 
whe ther someth ing very impor tant 
does come up, w e shou ld k n o w before 
the next Rochester Conference in 
t w o years' t ime' . Since that t ime many 
ideas have been upset and it is clear 
that the fundamenta l discoveries made 
in the past t w o years have more than 
v ind icated the expectat ions at Ch i ­
cago. W i t h many major surprises and 
advances to discuss, the Conference 

proved to be one of the most s t imu ­
lat ing and exci t ing for a long t ime. 

It was pr imari ly the open ing of the 
n e w accelerators and exper imental 
faci l i t ies w h i c h prompted the sense of 
expectancy at Chicago and it is f rom 
these that the major discoveries have 
come. 

The surpr is ing results f rom the ISR 
w h i c h revealed that the total p ro ton -
proton cross sect ion rises w i t h energy 
were f o l l owed by measurements at 
FNAL w h i c h showed that this increase 
w i t h energy is also a property of p ion 
and kaon-p ro ton total cross sect ions. 
The heavy l iquid bubb le chamber 
Gargamelle provided the first ev idence 
for the existence of neutral currents 
and the results were soon conf i rmed 
by t w o counter experiments at F N A L 
Experiments at the Stanford e lec t ron-
posi t ron storage r ing SPEAR prov ided 
another major surprise concern ing 
the w a y in w h i c h hadrons are p ro ­
duced in e lect ron-posi t ron col l is ions. 

The SPEAR results sol id ly conf i rmed 
the earlier Cambr idge bypass measure­
ments w h i c h showed that the cross 
sect ion for e + e~ hadrons stays c o n ­
stat up to the highest energy invest i ­
gated. These last results are in c o m ­
plete cont rad ic t ion to the s imple quark 
model (whether co loured or no t ) 
predict ions. Other ISR surprises such 
as the unexpected ly large numbers of 
hadrons at large transverse momenta 
were conf i rmed by results f rom F N A L 
and were complemented by detai led 
in format ion on the propert ies of i nd i ­
v idual events. Hadrons however are 
not the on ly particles produced at 
large transverse momenta . Experi­
ments f rom the ISR and FNAL reported 
results w h i c h s h o w that electrons and 
muons are produced in rough ly equal 
numbers, about ten thousand t imes 
less f requent ly than pions. Aga in th is 
number is we l l outs ide the range of 
s imple quark model predict ions. A l l 
these unexpected results were c o m ­
plemented by sol id progress in the 
s tudy of weak interact ions and the 
more convent iona l subjects of hadron 
physics such as resonance spectro­
scopy and t w o - b o d y reactions. 

W i t h so much happening so fast it 
is d i f f icu l t to g ive a complete picture 
of the Conference in a short report. 
So let us concentrate on t ry ing 
to answer br ief ly the main quest ions 
physicists w h o were not in London 
must n o w be asking their more fo r t u ­
nate col leagues. The many indiv iduals 
w h o s e w o r k has cont r ibuted to th is 
surge fo rward in the subject w i l l ex­
cuse the fact that reference is made 
on ly to their Laboratory, the ful l list 
of names be ing rather ove rwhe lm­
ing. 

Hadrons from lepton collisions 

Let us start w i t h the SPEAR results. 
The main surprise lies in the fact that 
the cross sect ion for e+ e~ -> hadrons 
is constant w i t h energy for energies 
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The Argonne neutrino experiment using the 
12 foot bubble chamber, filled with either 
hydrogen or deuterium, gives very clear infor­
mation on the existence of neutral currents. 

Neutral current evidence from Argonne: 

1. A neutrino interacts with a proton to give a 
neutron, a positive pion and an outgoing 
neutrino. Only the positive pion is seen since 
the other particles produced in the interaction 
are uncharged. 

2. A neutrino interacts with a proton to give 
an outgoing proton and neutrino plus a neutral 
pion which can be identified via its subse­
quent decay into two gammas at least one 
of which is seen materializing as an electron-
positron pair. 

above 3 GeV. The expected mecha­
nism for this process is one in w h i c h 
the e lect ron-pos i t ron pair annihi late 
into a vir tual t imel ike photon wh i ch 
then materialises into hadrons. Care 
is taken in the experiments to exclude 
cont r ibut ions f rom the compet ing 
process in w h i c h the hadrons are 
produced by p h o t o n - p h o t o n inter­
act ions in a doub le Bremsstrahlung 
diagram. The one photon annihi lat ion 
process can also lead to a f inal state 
consist ing of t w o opposi te ly charged 
muons whose cross sect ion is pre­
d ic ted by QED to fall as the inverse of 
the center of mass energy squared. 
Parton models w h i c h have been so 
successful in descr ib ing the SLAC 
results on deep inelastic lepton scat­
ter ing can then predict the ratio e + e~ 
-> hadrons / e + e~ y+ \JT to be a 
constant equal to the sum of the 
squares of the parton charges. W i th 
quark partons th is constant is 2 / 3 , 
co loured quarks w o u l d give 2 and an 
SU3 octet of quarks w o u l d give 4. 
Experimental ly th is ratio turns out not 
to be a constant and, more surprisingly, 
at the highest energies available it 
reaches a value of 6! 

A second b ig surprise f rom the 
SPEAR results is that single hadron 
energy d ist r ibut ions on ly show the 
type of scal ing expected f rom deep 
inelastic electron scattering for large 
secondary hadron energies. A t lower 
secondary hadron energies the distr i ­
but ions s h o w a behaviour wh i ch is 
very similar to that of hadrons pro­
duced in very h igh energy p ro ton-
proton col l is ions. A th i rd SPEAR 
result appears to have provoked 
intense theoret ical act ivi ty. It was 
observed that as the energy of the 
e + and e~ beams is increased the 
f ract ion of that energy go ing into the 
observed charged particles decreases. 
Hence a large propor t ion of the energy 
must be go ing into neutral particles. 

A l l these results proved to be a 
disaster for the hi therto successful 



New total cross section data from the Fermi 
Lab. (black dots) show a general rise with 
increasing energy for various incident particles 
on protons. Additional proton-proton cross 
section measurements made at the CERN ISR 
lie off the figure to the right (see next figure). 

quark-par ton model . However this is 
clearly not a disaster for physics. 
Experimentalists w o u l d be very upset 
if a new faci l i ty explor ing u n k n o w n 
areas of nature didn't produce unex­
pected results. 

Neutral currents 

Let us n o w turn to neutral currents 
whose birth was consecrated at this 
Conference. The necessity of neutral 
currents or heavy leptons (or bo th ) 
emerged as a result of the at tempts to 
renormalise the theory of weak inter­
act ions so as to cure its d iverg ing high 
energy behaviour. The first evidence 
of neutral current interact ions was the 
observat ion at CERN of events of the 
type + nucleon -> + hadrons in 
the large heavy l iquid bubble chamber 
Gargamelle. It was the absence of a 
charged muon in the f inal state w h i c h 
provided the evidence for the existence 
of neutral currents. A tho rough dis­
cussion of the experimental evidence 
f rom Gargamelle was presented at 
this Conference and at the same t ime 
results were conf i rmed by t w o exper i ­
ments at F N A L The results can be 
presented in terms of the ratio of 
neutral to charged current events 
w h i c h turns out to be about 20 % for 
neutr ino and 40 % for ant ineutr ino 
induced reactions. The next stage w i l l 
obv ious ly be the detai led experimental 
s tudy of their properties. 

N e w conf i rmat ion of the existence 
of neutral currents in weak interact ions 
came f rom Argonne. A n A r g o n n e / 
Concordia Col lege/Purdue Universi ty 
team used the twe lve foo t bubble 
chamber f i l led w i t h hydrogen or deu ­
ter ium to look for t w o types of inter­
act ion 

v + p - ^ v + n + Tu+ 

V + p - > V + p + 7 U ° 

In the first type on ly the posit ive p ion 
is seen emerging f rom the in teract ion; 
in the second type the proton and at 
least one e lect ron-posi t ron pair f rom 

the neutral p ion decay is seen emer­
g ing . 

In 700 000 pictures they have 
twe lve clear examples of neutral 
current interactions. The use of the 
hydrogen chamber has the advan­
tage over the CERN and FNAL infor­
mat ion in being able to ident i fy all the 
produce of some interact ions. The 
team is n o w work ing on interact ions 

v + n - > v + p + 7u~ 

in w h i c h everything about the inter­
act ion can be measured — the neu­
t r ino energy, the momentum transfer, 
the p ro ton /p ion masses and so on . 

Need for charm 

The successful predict ion of neutral 
currents has strengthened theor ists ' 
conf idence in renormalisable models 
and they are n o w predict ing the exist­
ence of a new quantum number, 
charm. It is the experimental absence 
of strangeness — changing neutral 
currents in con junct ion w i t h the need 
to renormalise certain d iverging weak 
interact ion processes involv ing quarks 
w h i c h leads to the necessity of charm. 
Dur ing the next t w o years w e shall 
certainly wi tness an intense exper i ­
mental act iv i ty in the search for 
charmed particles. 

Hadron interaction cross sections 

Turn ing to hadronic interactions many 
results were presented w h i c h w o u l d 

have been though t exci t ing in any 
ordinary year. Total cross sect ion 
measurements for n±, K 1^ p and p on 
proton and deuter ium targets were 
presented by groups f rom FNAL. A l l 
except the pp cross sect ion show a 
rise over the FNAL energy range and 
the pp results interpolate smooth ly be­
tween the Serpukhov and ISR points. 
The pp cross sect ions f latten out w i t h 
increasing energy and thus avoid 
crossing the rising pp points. The very 
basic theorem according to w h i c h 
particle and antipart icle cross sections 
shou ld approach each other as the 
energy is increased is beaut i fu l ly satis­
f ied by the new results. In fact the 
di f ference between the t w o is very 
we l l described by a behaviour 
as predicted by Regge models. On the 
other hand it seems unl ikely that 
data at presently accessible energies 
w i l l be able to dist inguish between 
models predict ing dif ferent funct ional 
dependences for the rise in the cross 
sect ion. As was stressed by the rap­
porteur all available data can be 
f i t ted by a Ins or ( Ins ) 2 rise or even 
a power law in s. Experimental at tempts 
to pin d o w n the mechanism respon­
sible for the rise led to apparent ly 
contradic tory results. Groups f rom the 
ISR and FNAL s tudy ing the pionisa-
t ion and dif fract ive components of 
p ro ton-p ro ton interact ions separately 
c la imed that the cont r ibut ion to the 
total cross sect ion of their respective 
k inemat ic regions cou ld account for 
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Total pp and pp results from the low energy 
data through Serpukhov, the new Fermi Lab. 
results (the black points) and the CERN ISR 
results. 

the rise. W e thus seem to w i tness the 
parts add ing up to more than the w h o l e 
unless of course the t w o observat ions 
are the result of the same mechanism. 

High transverse momentum particles 

Staying w i t h the ISR the f irst results 
f rom Spl i t Field Magne t exper iments 
were presented and inc luded measure­
ments of elastic pp scatter ing at h igh 
m o m e n t u m transfer. The var iat ion w i t h 
energy of the posi t ion of the d ip in the 
cross sect ion first reported at the 
Chicago Conference tends to suppor t 
a s imple picture of geometr ical scal ing 
i.e. the proton behaves like a 'grey 
disk ' w h o s e radius increases w i t h 
energy. 

Some very impor tant results on h igh 
energy t w o - b o d y reactions were pre­
sented by groups w o r k i n g at Serpu­
khov and FNAL. They reported measu­
rements of 7T~p -> 71° n and vrp - > Y ) n 
at momenta up to 1 0 0 GeV/c w h i c h . 

w h e n comb ined w i t h recent precise 
measurements at the CERN PS, lead 
to beaut i fu l ly straight p and A 2 Regge 
trajectories. 

The report on the observat ion of 
unexpected ly large numbers of par­
t ic les at h igh transverse m o m e n t u m 
was one of the h ighl ights of the 
Chicago Conference t w o years ago. 
As has of ten been stressed h igh t rans­
verse momen tum events may be the 
mani festat ion of point l ike const i tuents 
in the pro ton. It is therefore extremely 
impor tant to s tudy in detai l the pro­
perties of subevents, in part icular the 
quan tum numbers of the emerg ing 
part icles, the effect ive mass d is t r ibu­
t ions and the correlat ions among 
them. 

Results f rom the ISR and F N A L 
s h o w very h igh product ion ratios of 
kaons, protons and ant iprotons to 
pions. Thus for example at p ± ~ 6 
GeV/c and E L a b - 4 0 0 GeV they 
f ind K + / T T + ~ 0 . 7 . Another impor tant 

result f rom the ISR concerns the mu l t i ­
p l ic i ty of part icles associated w i t h one 
of large p^. In the hemisphere o p p o ­
site to the large p ± part icle the mu l t i ­
p l ic i ty g rows by a factor of 4 be tween 
p ± ~ 0 . 7 and 3 . 7 GeV/c . This is 
independent of the inc ident energy. 
In the hemisphere towards the large 
Pi part icle t he 'mu l t i p l i c i t y is s t rongly 
energy dependent and at the lower 
energies decreases w i t h increasing 
Pj_. A t the highest energies it be­
comes independent of p ^ A n in t r i ­
gu ing result of the same exper iment 
w a s that t r igger ing on one n° w i t h 
large p ± enormous ly increases the 
chances of f i nd ing nearby another 
7 i ° w i t h a similar p ± . The effective 
mass spect rum of the t w o pions does 
not s h o w any obv ious resonant 
structure. 

The s tudy of large transverse m o ­
men tum phenomena is sti l l at a very 
early stage and , as the rapporteur on 
the subject po in ted out , w e cannot 
yet d raw any real conc lus ions but 
many quest ions have been raised 
w h i c h need fur ther detai led exper i ­
mental s tudy. 

Pointers to the future 

Extrapolat ing fo rward f rom the d isco­
veries of the past t w o years it is not 
t oo opt imis t ic to predict that the 
next t w o w i l l be at least as exc i t ing. 
W e may we l l have seen at this Confer­
ence the first hints of some of the 
f o r t hcoming sensations. A t least 
three results f irst reported at th is 
Conference were received w i t h the 
sort of react ion w h i c h suggests that 
they are g o o d candidates for tomor ­
row 's major story, t h o u g h at present 
all three are, to vary ing degrees, sub­
ject to conf i rmat ion . 

Firstly, the results ment ioned earlier 
f rom a number of FNAL and ISR 
exper iments observ ing single lepton 
produc t ion at large transverse m o ­
menta. Is th is observat ion, and the 
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52 n d Session 
of CERN Council 
The Council met on 26, 27 June under the 
Presidency of Professor W. Gentner 

dif f icul t ies of parton models to explain 
it, related to the SPEAR results on 
e + e - _^ hadrons or are w e seeing very 
substant ial p roduct ion of 0 mesons 
w h i c h then decay to lepton pairs? 
This is undoubted ly the f i rmest of the 
three results to be discussed and in 
the next t w o years several exper i ­
mental searches for lepton pair p ro ­
duc t ion at h igh transverse m o m e n t u m 
wi l l be made. 

The second very interest ing result 
was the observat ion at F N A L of t w o 
neutr ino induced react ions w i t h not 
on ly a yr in the f inal state but also a 

Both events occurred at the highest 
neut r ino energies and w e may be o b ­
serving the onset of a n e w process. 

Third ly, another exper iment at F N A L 
s tudy ing deep inelastic muon scat­
ter ing f rom a nuclear target s h o w s 
some weak ind icat ion of a dev ia t ion 
w i t h the scal ing w h i c h w o u l d have 
been expected f rom lower energy 
deep inelastic lepton scat ter ing. The 
b reakdown of scal ing at h igh energies 
w o u l d indicate that some n e w pro­
cess was tak ing place invo lv ing the 
existence of a fundamenta l length . 
However th is is a very d i f f icu l t expe­

r iment to perform needing a t ho rough 
understanding of the systematic errors. 

Three hints then f rom the Confer­
ence w h i c h cou ld lead to an even 
more interest ing Rochester Confer­
ence in t w o years' t ime. H o w w i d e ­
spread was the sense of expectancy 
that the next t w o years w i l l w i tness 
very impor tant discoveries? We l l , one 
rapporteur w e n t on record as be ing 
prepared to bet any physic ist a crate 
of w i n e that by the next Conference 
charmed part icles w i t h masses be low 
12 GeV w i l l have been f o u n d . 

So w e can make one f i rm predic­
t ion for the next Rochester Confer­
ence. There w i l l either be exc i tement 
among physicists at a d iscovery of 
great impor tance or a number of p ro ­
fessional ly despondent bu t inebr iated 
physicists. 

A t the J u n e Counci l Session the 
Directors General presented reports 
of progress at the t w o CERN Labo­
ratories. W. K. Jentschke ment ioned 
some recent physics results f rom the 
28 GeV proton synchrot ron and the 
intersect ing storage rings. As covered 
in the report of the London Confer­
ence, there is further evidence for 
neutral currents f rom the neutr ino 
exper iments w i t h the Gargamelle 
heavy l iqu id bubble chamber. Ano ther 
example of neutr ino-e lect ron scat­
ter ing has been seen and over t w o 
hundred events on nucleons are n o w 
conf i rmed. In add i t ion , an exper iment 
w i t h a pro ton beam into the chamber 
has checked that the est imate of the 
background , w h i c h cou ld result in 
other events being confused w i t h 
neutral current events, is correct. 

Wh i le the existence of neutral cur­
rents is suppor t ing evidence for the 
at tempt to uni fy the interpretat ion of 
weak and electromagnet ic interac­

t ions, a subversive new type of 
interact ion remains the on ly w a y to 
explain the behaviour of the neutral 
kaon. The so-ca l led superweak force 
has been postu lated to account for 
the disrespect of the neutral kaon for 
the symmetry of charge and parity in 
Nature. Since the combined symmetry 
of charge, pari ty and t ime is stil l be­
l ieved to be g o o d , the v io lat ion of 
charge-par i ty impl ies a v io lat ion of 
t ime symmetry to restore the balance. 
The superweak theory makes rather 
precise predict ions as to h o w the 
symmetry of t ime w i l l be broken. 

The network of survey reference points on the 
Laboratory II site is being extended to meet the 
geodetic needs of the accelerator and of its 
North Experimental Area. The work has been 
greatly eased by the use of a geodolite, on loan 
from the Fermi Laboratory, which is a distance 
measuring instrument using a modulated laser 
beam. It is capable of accuracies of one part in a 
million over distances longer than could 
previously be measured in one stage at CERN. 

CERN 420.5.74 
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