
Physics monitor 
What makes proton-proton and 
proton-antiproton scattering so different? 
The marked diffractive dip seen in 
proton-proton elastic scattering at the 
Intersecting Storage Rings (ISR) becomes 
a gentle 'shoulder' in the proton-antiproton 
case. This shoulder also lifts dramatically 
at the higher energies (UA4) of the CERN 
proton-antiproton Collider. 

Diffraction attraction 

Elastic scattering — when colliding 
particles 'bounce ' off each other 
like billiard balls — has always had 
a special interest for high energy 
physicists. While its simplicity 
makes for deep analogies wi th 
classical ideas like diffraction, its 

jb t le details also test our under
standing of the intricate inner me
chanisms which drive particle inter
actions. 

Wi th a new stock of elastic scat
tering data now available thanks 
to experiments at the CERN proton-
antiproton Collider, and wi th 
studies at higher energies imminent 
or planned, some seventy physi
cists gathered in the magnificent 
chateau at Blois, France, for a 
'Workshop on Elastic and Dif
fractive Scattering at the Collider 
and Beyond' . 

In addition to the new data and 
the prospects for the future, the 
remarkable 'posthumous ' results 
from the now-closed CERN Inter

acting Storage Rings (ISR) still 
provide valuable benchmarks. 

The most important experimental 
message at the meeting was that 
'asymptop ia ' is still very far away. 
More than a decade ago the initial 
results f rom the ISR upset any 
naive idea that particle behaviour 
in this newly-accessible energy 
range would settle down to a con
stant (asymptotic) level. Instead, 
reaction rates were seen to be 
growing wi th collision energy. 

Experiments at the CERN proton-
antiproton Collider have probed 
elastic scattering at still higher 
energies and show that the total 
reaction rate continues to grow 
(see October 1984 issue, page 
336). The Collider has also given 
new insights into multiparticle pro
duction, where a new description 

CERN Courier, March 1986 



of the number of produced parti
cles is now required (see October 
1985 issue, page 335). 

High energy elastic scattering is 
understood by the exchange of a 
'Pomeron ' between the colliding 
particles (Soviet physicist Y. Pom-
eranchuk developed important the
orems on high energy scattering). 
Many years after its appearance 
on the physics scene, the Pomeron 
remains very much a mystery. In 
his summary talk at Blois, A. Don-
nachie emphasized the continual 
challenge to understand it. 

Is the Pomeron made up of 
gluons, the carriers of inter-quark 
forces? Does it have any quark 
constituents? Does it interact wi th 
gluons? Why does a Pomeron-
photon analogy work so well? 

As well as playing a key role in 
true elastic scattering, where the 
colliding particles do not change 
their fo rm, the Pomeron is also 
responsible for 'd i f f ract ive' reac
tions where the incident particle 
flies off forwards, leaving in its 
wake a cluster of produced parti
cles. New experiments will be able 
to study such clusters up to 
masses of 200 GeV (see Ju ly /Au
gust 1985 issue, page 237), thus 
providing important new Pomeron 
clues. 

Toward the end of its career the 
ISR came up wi th another surprise 
— proton-proton and proton-anti-
proton behaviour are remarkably 
different. The marked diffractive 
' d i p ' seen in proton elastic scat
tering becomes a gentle 'shoulder ' 
in the proton-antiproton case. This 
shoulder also rises dramatically at 
the energies of the CERN Collider 
(see December 1985 issue, page 
433). Speakers at Blois stressed 
the need to understand the differ
ent proton-antiproton behaviour. 

One candidate is exchange of 
three gluons, each coupled to a 

different valence quark. Another 
idea is the so-called ' odderon ' , 
which unlike the Pomeron couples 
differently to particles and antipar-
ticles. 

Wi th plans for further studies at 
higher energies, both imminent 
and still on the drawing board, 
there is great promise for the fu
ture. The rich ISR results and the 
first fruits of the Collider studies 
have shown that mundane diffrac
tion is full of rich structure and 
unexpected behaviour. Although 
asymptopia may still be very far 
away, the way there is not through 
a desert but through a flourishing 
region of exciting physics. 

The successful Blois meeting — 
thanks to the tireless efforts of 
B. Nicolescu and J . Tran Thanh 
Van — seems likely to become a 
regular event. 

From Elliot Leader 

Higgs for the masses 

The unified theory of electromag-
netism and the weak nuclear force, 
crowned wi th the discovery at 
CERN in 1983 of the W and Z bos
ons which carry the weak nuclear 
force, is one of the great triumphs 
of modern physics. 

But the picture is not yet com
plete. An essential but still elusive 
ingredient is the so-called 'Higgs 
boson ' (after Edinburgh theorist 
Peter Higgs), responsible for the 
vital symmetry breaking in the 
theory. This gives the carriers of 
the weak force mass, while the 
photon, the carrier of electromag-
netism, is massless. 

For some, the theory of Higgs 
particles is shrouded in mystery. 
Wi th several experiments embark
ing on fresh Higgs searches, Ri
chard Dalitz and Louis Lyons at 

Oxford organized last November 
a series of talks cleverly entitled 
'Higgs for the masses ' , to cover 
both the theory and experimental 
status of the particles. 

Douglas Ross introduced the 
subject, pointing out that the uni
fied electroweak theory wi th mas
sive W s and Zs is not well-be
haved (renormalizable), but this is 
remedied if the masses of the 
weak carriers arise through a Higgs 
mechanism. This also patches up 
other deficiencies (unitarity). Of 
course it may be that Nature is 
perverse and does not require a 
theory which is well behaved! 

Another oddity is that unless it 
is very light (less than 1 0 " 1 7 eV), 
the Higgs should make the Uni
verse curved, contributing more 
to the Cosmological Constant than 
the known limit permits. Since 
most theories need to have their 
parameters finely tuned to produce 
a suitably small value of the Cos
mological Constant, this is not 
considered too much of a problem. 

Lower limits (spontaneous sym
metry breaking) and higher limits 
(unitarity) open up a wide range 
of masses for the Higgs to man
oeuvre — between 7 and 
1000 GeV (1 TeV). 

If there is only a single, electri
cally neutral Higgs, its coupling to 
each particle is proportional to that 
particle's mass, so that it would 
prefer to decay into the heaviest 
possible pair of particles. Other 
Higgs constraints fo l low from the 
apparent success of the standard 
electroweak picture. 

Turning to Grand Unified Theo
ries (GUT) which attempt to extend 
the electroweak sector to include 
the strong nuclear force, couplings 
to very heavy GUT particles would 
take Higgs masses over the 1 TeV 
limit. GUT fol lowers have to look 
for clever mechanisms to rectify this. 
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