
The NEPAL test station at the French Orsay 
Laboratory. 

their decay electrons are not kicked 
away strongly from the beam di
rection, and are swamped by pions 
unless the detector has good angu
lar resolution. 

Measuring the charm production 
level at the collider energy of 630 
GeV is an order of magnitude ener
gy step beyond the previous 
measurements at CERN's Intersect
ing Storage Rings (ISR - where 
proton beams gave collision ener
gies of up to 62 GeV). At the time 
these ISR measurements led to 
speculation that the charm produc
tion rate would take off at higher 
energies. 

However the production rate 
seen in the rapid but valuable RICH 
exposure at the proton-antiproton 
collider shows only moderate 
growth, shooting down the earlier 
speculations. Moreover the 
measurements are in good agree
ment with recent (higher order) cal
culations in the underlying field the
ory of quark interactions (QCD -
quantum chromodynamics), adding 
additional confidence in our under
standing of fundamental processes. 

ORSAY 
High-gradient 
experiment 
Maintaining the tradition of its con
tribution to the LEP Injector Linac 
(LIL), Orsay's Linear Accelerator 
Laboratory (LAL) is carrying out an 
R&D programme entitled 'New ac
celerator physics experiments at 
LAL' (NEPAL). The aim is to contri
bute to the long-term development 
of high energy electron-positron li
near colliders, where progress can 
be of short-term benefit both to 
conventional accelerators and to in

jectors in rings or free-electron las
ers. 

The high-gradient experiment, 
part of the NEPAL programme, is 
an examination of accelerating 
structures in high accelerating 
fields. So far two structures have 
been investigated - a short 0.8 m 
LIL type, with conventional electric 
coupling and maximum energy den
sity per unit length; and a longer 
structure, 1.3 m, manufactured by 

General Electric/CGR-MeV in colla
boration with LAL, with magnetic 
coupling (inverse wave) to optimize 
shunt impedance and propagation 
time separately, and the field rein
forced by the cell's 'nose' struc
ture. 

The NEPAL test station is a 
complete small accelerator com
prising; a 3 GHz r.f. power source 
pulsed to 100 Hz with a klystron 
used either directly or after a 

22 CERN C o u r i e r , J u l y / A u g u s t 1 9 9 ( 



(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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