
(LIPS/SLED-type) pulse compressor 
system; a 4 MeV electron source 
with a SLAC-type triode gun, a pre-
bunching cavity and a high field 
buncher; space for accelerating 
sections up to 1.8 m long; and in
strumentation, including a spec
trometer which can be used up to 
75 MeV/c. 

The aim is to quantify the two 
main phenomena limiting the ener
gy gain per unit length: the break
down threshold, where the corre
sponding field is measured from 
the r.f. power or directly via the en
ergy gain of the accelerated elec
trons; and the current of field emit
ted electrons well before break
down and bunched into a coherent 
beam, characterized by the overall 
accelerated charge at the end of 
the section, the time structure, the 
transverse profile and the energy 
spectrum. This phenomenon can 
be simulated using a mathematical 

model designed and developed at 
the University of Genoa. 

There is reason to believe that 
parasitic currents will be a severe 
limitation at very high energies. Cu
mulative effects could absorb a 
substantial fraction of the r.f. pow
er and produce wake fields with 
consequent damaging transverse 
effects. 

The LIL structure gave long 
pulses of maximum surface fields 
of 80 MV/m corresponding to ac
celerating fields of 40 MV/m. SLED 
mode with 170 MW gave axial 
fields of 88 and 68 MV/m on the 
LIL and CGR structures respect
ively, corresponding in the latter 
case to a surface field of 180 
MV/m. Under these conditions, the 
peak current from the LIL section 
was 60 mA per metre. 

The properties of accelerating 
structures improve if the r.f. fre
quency is increased or the pulse is 

shortened. The efficiency (shunt 
impedance/unit length) also in
creases with frequency, leading to 
a reduction in the individual lengths 
of sections and the filling times. 
This is borne in mind in designs for 
future large colliders, but awaiting 
availability of the higher frequencies 
proposed for some of these ma
chines (e.g. 29 GHz for CERN's 
CLIC idea) studies have to make do 
with what is available. 

Extrapolating the 3 GHz results 
suggests that breakdown thresh
olds can be pushed beyond the 
100 MV/m envisaged by designers 
for frequencies over 10 GHz. The 
increase in frequency should also 
help reduce parasitic currents. 

Progress is also being made at 
other electron centres (January/Fe
bruary, page 15). Together these 
efforts build a foundation for a next 
generation of electron-positron col
liders. 

°hysics monitor 

DESY 
Hot spots 
in the nucleon? 
The HERA electron-proton collider 
nearing completion at the DESY 
Laboratory in Hamburg and sched
uled to come on-line next spring 
will provide unusual collision condi
tions (protons of almost 1000 GeV 
slamming into 30 GeV electrons). 
This physics will probe the deep 
structure of the proton under new 
conditions, particularly the kinemat
ic area, known in the trade as small 
x, where a constituent quark car

ries only a small fraction of the to
tal proton momentum. 

To prepare the way, DESY was 
the venue for a topical meeting on 
the behaviour of nucleon structure 
(structure functions) at small x, 
with x-values as small as 10~4 ex
pected at HERA. 

A quantitative description of the 
physics in this region will require an 
improved theoretical framework, 
going beyond the standard vogue 
of QCD quark-gluon field theory 
techniques. Recent developments, 
pioneered by the Leningrad group 
(L. Lipatov, E. Levin and M. Ryskin) 
and by A. Mueller from Columbia 
provided a focus at the meeting. 

Assessing the experimental possi
bilities of structure function 
measurements at HERA, Franz Ei-
sele of the H1 collaboration 
showed how extrapolations of pre
sent structure functions to HERA 
energies indicate that as well as 
going to x values one hundred 
times smaller, experiments should 
also be able to probe correspond
ingly larger values of Q 2 (a measure 
of the distance that a highly virtual 
photon is able to probe inside a nu
cleon). The availability of deuteron 
beams in HERA would open up ad
ditional structure function measure
ments. 

The status of the standard QCD 
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Al Mueller (right, Columbia) and E. Levin 
(Leningrad) - new trends in quark-gluon 
field theory. 

(Photo P. Waloschek) 

evolution of structure functions 
was reviewed by J. Stirling, Wu-Ki 
Tung, M. Glueck, D.McKay, M. 
Krawczyk and D. Strozik-Kotlorz. 
Particular emphasis was given to 
the dependence upon input distri
butions and to the predictions for 
the low-x region, using data culled 
from current experiments. An im
proved theoretical treatment of 
gluon radiation at small x which al
lows simulations of deep inelastic 
processes was the subject of talks 
by G. Marchesini and B.Webber. 

The property of QCD factoriza
tion, separating structure functions 
and the contributing hard scattering 
probabilities, was discussed by J. 
Collins. D. Treleani emphasized the 
importance of multiple quark/gluon 
collisions inside two colliding ha-
drons, especially at high energies 
such as those envisaged for the 
next generation of proton colliders. 

P. Landshoff and S.Brodsky em
phasized how non-perturbative as

pects of strong interactions have 
to be carefully estimated before 
any quantitative analysis based on 
a perturbative approach. 

L. Lipatov summarized the status 
of the Pomeron (responsible for 
elastic scattering) in (perturbative) 
QCD, making clear that the small-x 
region is a transition between the 
moderate-x perturbative QCD re
gime and the nonperturbative limit 
of the time-honoured Regge ap
proach. A complete understanding 
of this transition will naturally take 
care of the small-x region. 

One of the most interesting new 
ideas and which may very well be
come one of the central issues at 
HERA is the concept of saturation 
of quark and gluon densities at 
very small x. Stated simply, QCD 
predicts a rapid rise in the number 
of constituents as x becomes very 
small. At sufficiently large 
quark/gluon densities, one can no 
longer ignore their mutual interac

tions, including intra-nucleon scat
terings and annihilations. Under 
these conditions a nucleon struck 
by a penetrating electron would re
semble a dense gas of quarks and 
gluons, very different from any
thing studied so far. Its main 
feature would be saturation of 
quark and gluon densities. E. Levin 
M. Ryskin and A. Mueller outlined 
the theoretical ideas, and J. Kwie-
cinski and G. Schuler speculated or 
the kinematical regions where such 
effects could show up, with Al 
Mueller suggesting that already at 
HERA energies first hints might be 
seen of such proton 'hot spots'. 

Summarizer Stan Brodsky em
phasized the unique nature of ex
periments at HERA in providing a 
trustworthy description of the nu
cleon, exceedingly important for 
accurate estimations of the poten
tial of proposed proton-proton col
liders (the SSC in the US and LHC 
at CERN), as well as revealing new 
facets of the nucleon structure. 

From A.AH and J.Bartels 

Phi factories 
Plans for 'phi factories' gathered 
momentum with a recent work
shop at UCLA. These machines, 
high luminosity electron-positron 
colliders working near the phi re
sonance at 1020 MeV, have been 
proposed at Laboratories in Eu
rope, the US, Japan and the USSR 
(July/August 1989, page 26). 

Physics interest centres around 
symmetry breaking effects, particu
larly CP violation, the delicate parti-
cle/antiparticle left/right asymme
try seen in the decays of neutral 
kaons. 

One of the major decay modes 
of the phi is a pair of neutral kaons, 
one of the long-lived type, the oth-
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