
Probing the Pomeron 

High energy elastic scattering — 
when two incident particles inter
acting through the strong nuclear 
force 'bounce' off each other and 
emerge apparently intact — is 
understood by the transfer of a 
'Pomeron' between the colliding 
particles (Soviet physicist Y. Pom-
eranchuk developed important the
orems about high energy scatter
ing). As well as mediating elastic 
scattering, the Pomeron can also 
drive inelastic 'diffractive' reactions 
which produce fast forward parti
cles. It is the Pomeron which trans
mits the 'force' of diffraction. 

Despite physicists' easy familiar
ity with the Pomeron, its real 
nature remains very much a mys
tery. However a number of clues 
have been found recently which 
provide important new insights. 

Although CERN's Intersecting 
Storage Rings (ISR) were closed 
two years ago, pearls are still turn
ing up in the wealth of accumulated 
data. The R608 collaboration 
looked for examples of proton-
proton collisions giving diffractive 
production of groups of particles 
with interesting quantum numbers. 

These particles emerge along 
the proton beam direction, carrying 
almost all the available momentum, 
and can be looked at as the results 
of a 'collision' between a proton 
and a Pomeron. 

Further information comes from 
looking at the kinematics of the 
produced particles within the for
ward-moving system. This shows 
that particles containing valence 
quarks inherited from the proton 
zoom off in the forward and/or 
backward directions, while on the 
other hand particles such as the 
phi meson (strange quark-anti-
quark) which do not include proton 
valence quarks stay behind in the 
middle. 

This suggests that the Pomeron 

interacts not with the proton as a 
whole, but rather with one of its 
individual quark constituents. (This 
was hinted at by the so-called ad
ditive quark rule, where total reac
tion rates (cross-sections) could 
be estimated by counting the num
ber of valence quarks and anti-
quarks in the colliding particles.) 

Interactions with individual 
quarks are well known in electro
magnetic interactions such as elec
tron-proton scattering, where the 
force is transferred by a (virtual) 
photon. 

If the Pomeron does behave like 
a photon, elastic proton-proton 
scattering can be calculated under 
certain conditions (small momen
tum transfer) in terms of measure
ments (form factors) from elastic 
electron-proton scattering. The 
precision elastic scattering data 
from the ISR, and now also from 
the CERN proton-antiproton Collid
er, are in good agreement with 
these calculations, and the picture 
has also been extended to include 
inelastic diffractive production of 
particles. 

However the Pomeron is essen
tially a strong nuclear interaction. 

and as suggested by F. Low and 
S. Nussinov could correspond to 
the exchange of a number of 
gluons — the carriers of the inter-
quark force. To get the quantum 
numbers right at least two gluons 
are required, which perhaps makes 
it surprising that the Pomeron ap
pears to couple to one quark at a 
time. P. Landshoff and A. Donna-
chie have developed a picture of 
the Pomeron at large momentum 
transfer in terms of the exchange 
of three gluons. 

An important feature of proton-
proton elastic scattering is the way 
it first dips and then rises with 
increasing momentum transfer. 
This could be due to interference 
between two types of behaviour 
which dominate in different kine
matic (momentum transfer) re
gimes. Right at the end of its life, 
the ISR provided a brief but valua
ble glimpse at proton-antiproton 
elastic scattering under the same 
conditions. This shows a 'shoulder 
rather than a dip. For proton-anti
proton scattering, the sign of the 
three gluon contribution changes 
sign, offering one explanation. 
There are others on the market. 

Models of the Pomeron must 
also account for the dramatic rise 
(more than an order of magnitude) 
between the proton-antiproton 
elastic scattering behaviour be
tween ISR and CERN Collider ener
gies. 

Another example of Pomerons 
at work in high energy proton-pro
ton scattering is when the two 
protons fly out relatively unde
tected, but leave in their wake a 
central cluster of produced parti
cles. 

This central cluster can be under
stood as resulting from the 'colli
sion' of two Pomerons, one com
ing from each of the incoming pro
tons, and can be thought of as a 
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(virtual) particle state potentially 
present in the vacuum being kicked 
into reality by the passage of the 
two glancing protons, which pro
vide the necessary energy. 

Such reactions have been stud
ied by the R419 experiment which 
used the Split Field Magnet at the 
ISR. This hints at the possible 
quark and gluon content of the 
Pomeron, and how its behaviour 
changes with kinematical condi
tions. 

Another ISR experiment, the 
Axial Field Spectrometer, has made 
a systematic study of these double 
Pomeron interactions, searching 
for signs of new particles, including 
'glueballs' — states made of 
gluons rather than quarks. The 
UA1 experiment at CERN's proton-
antiproton Collider has also begun 
to look at these double Pomeron 
interactions. 

Also at the CERN Collider, the 
UA8 experiment (see July/August 
1985 issue, page 237) is searching 
for clusters of produced particles 
('jets') in inelastic diffractive colli
sions. Here an ingeneous new 
computer with data flow architec
ture calculates the recoil proton 
momentum between successive 
proton-antiproton bunch crossings. 

(From M. AI brow, A. Donnachie, 
W. Geist, P. Landshoff, P. Schlein) 

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. 
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