
Physics monitor 

Looking for high 
neutron fluxes 

T he neutron is a powerful and 
versatile probe of both the 
structure and dynamics of 

condensed matter. However unlike 
other techniques such as X-ray, 
electron or light scattering, its interac
tion with matter is rather weak. 
Historically neutron scattering has 
always been intensity limited and 
scientists are always looking for more 
intense sources. 

These come in two kinds - fission 
reactors and spallation sources (in 
which neutrons are released from a 
target bombardment by beams). 
Unfortunately the power density of 
high flux reactors is approaching a 
technical limit and it will be difficult to 
achieve a large increase of neutron 
fluxes above typical present values 
as represented for example by the 
high flux reactor at ILL, Grenoble. 

Recent years have seen a steady 
development of accelerator-driven 
spallation sources, particularly the 
pulsed variety, for example at 
Argonne (IPNS), Los Alamos 
(LANSCE), KEK Japan and the UK 
Rutherford Appleton Laboratory (RAL 
- ISIS), and their benefits have been 
clearly recognized. Pulsed spallation 
sources are still at an early stage of 
development and there seems no 
major difficulty in principle in building 
a source many times more powerful 
than the most powerful existing 
source -ISIS. 
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Top - schematic of a pulsed neutron source: 1 
- negative hydrogen ion source; 2-
radiofrequency quadrupole; 3 - drift tube linac; 
4 - high energy linac; 5 - accumulator ring; 
6,7,8 - output beam, target and moderators. 
Below - time structure of pulsed beams in 
linear accelerator and target. 

(Kernforschungsanlage) Julich in 
Germany and RAL in the UK, study 
work has begun for a high power 
pulsed European Spallation Source 
(ESS). At present seven European 
countries are participating in a two 
year, site-independent study, sup
ported by the European Community. 

This study should result in a techni
cal proposal with possible options. It 
should give in addition a realistic cost 
estimate, identify R&D requirements 
and assess safety and availability 
aspects. 

As a compromise between many 
and sometimes conflicting arguments 
the design parameters are : 

• 5 MW average beam power at the 
target, corresponding to the average 
power of the high flux reactor at ILL, 
Grenoble and about 30 times the 
ISIS beam power; 

• About 1 microsecond pulse length; 
• Two target stations, one operating 

at 50 Hz, 5 MW and a second at 
10 Hz, 1 MW. 

Using present technology these 
requirements cannot be fulfilled by a 
linear accelerator (linac) alone and a 
combination of a linac and a ring 
accelerator must be used. The linac 
current is accumulated over many 
turns in the ring, which subsequently 
is emptied during a single turn giving 
a short proton pulse with high peak 
intensity. An energy range for the 

proton pulses at the target of 0.8 to 
3 GeV is considered and its exact 
value has still to be fixed. Average 
linac currents would be 6.3 to 
1.7 mA. 

For the design of high intensity 
linacs the average and the peak 
(pulse) current are dominating 
parameters. Peak currents at low 
energy up to 200 mA have been 
achieved but with a duty cycle well 
below 10~3. An example is the Linac 2 
at the CERN PS. The most powerful 
existing high energy proton linac 
(LAMPF at Los Alamos) operates at 
0.8 GeV with an average current up 
to about 1 mA and a duty cycle of 
some 10 %. The average current and 
beam power are about a factor five 
below those foreseen for the ESS. 

An additional constraint for the ESS 
linac is the need for injection into the 
accumulator or accelerator ring with 
low beam losses to avoid an intoler
able activation of ring components. 
The proposed solution is to acceler
ate negative hydrogen ions in the 
linac. These ions are stripped to 
protons at injection. This promises 
much lower losses than the usual 
proton injection and has already 
been successfully exploited at other 
pulsed spallation sources. 

Present limitations of negative 
hydrogen ion sources and space 
charge limitations at low energies 
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make it advisable to double the low 
energy end of the linac. For the high 
energy section of the linac normal 
conducting or superconducting 
acceleration cavities could be consid
ered. The latter could increase the 
acceleration efficiency and thereby 
lower operation costs, an essential 
argument for high power accelera
tors. 

At linac energies up to about 1.6 
GeV an accumulator ring without 
accelerating cavities could be used 
for pulse compression. At higher 
energies the ring would have to 
participate in acceleration and 
increase energies to the desired 
value. This could be done, for exam
ple, by a high intensity rapid cycling 
synchrotron of the type already in 
use at ISIS . The circumference of 
the ring would probably be of the 
order of 200 m, resulting in a proton 
pulse length of 0.7 microsec. 

Beam losses at injection and beam 
instabilities will limit the number of 
circulating protons to about 2.5 x 
10 1 4 . At an energy of 1.3 GeV and a 
repetition rate of 50 Hz this corre
sponds to a beam power of 2.5 MW. 
Therefore the use of two rings in 
parallel is considered. Beam instabili
ties will probably also limit the injec
tion time to about 1 msec (or some 
1500 turns) resulting in a similar 
pulse length for the linac. The use of 
a fast kicker for ejection requires a 
time gap of a few hundred nanosec 
in the circulating beam which is 
produced by suitably "chopping" the 
linac pulse. 

The energy content of each proton 
pulse will be 100 kJ, more than 30 
times that of ISIS. The high energy 
beam transport between ring and 
target will be determined largely by 
the requirements of the high power 
targets. It should provide a possibility 
for shaping the proton beam at the 

target and its entry window to the 
desired beam dimension and profile. 
At present horizontal or vertical 
injection into the target are being 
considered. 

The design of a 5 MW target for 1 
microsec proton pulses at 50 Hz 
repetition rate will be a major chal
lenge. The average power and the 
energy density exceeds by more than 
a factor five the level foreseen at the 
most powerful existing continuous-
wave spallation source (SINQ at PSI, 
Switzerland). As the power will be 
deposited in the target in very short 
pulses, the material will be submitted 
to shock waves and temperature 
increases whose effects have to be 
studied carefully. In addition radiation 
damage to the entry window and the 
target material may further shorten 
component lifetime. Radiation safety 
and remote handling will be other 
critical issues and will strongly 
influence tine detailed layout of the 
block. For all these reasons the 
choice of an optimum proton energy 
will need further and more detailed 
study. It is probable that a beam 
power of 5 MW could no longer be 
handled by a stationary target of solid 
heavy metal, and two alternatives - a 
rotating target wheel with many 
heavy metal targets, and a stationary 
liquid metal target - are being exam
ined. 

For wider operational flexibility and 
an increased number of neutron 
channels, two separate target con
figurations with widely different 
moderator and neutron guide layout 
are proposed - 50 Hz/5 MW and 10 
Hz/1 MW, both with a pulse length of 
about a microsecond. A third target 
could be fed directly by the linac. In 
the design of the linac additional 
pulses with a length of a few millisec 
and a few MW power could be 
foreseen. 

It is now recognized that the in
crease in source power and bright
ness will significantly improve the 
quality of information on condensed 
matter. Experiments can be done for 
smaller samples, more complex 
structures or in more dilute systems, 
while time-dependent phenomena 
can be investigated more effectively. 
Time-of-flight methods will not only 
increase brightness but will allow 
also higher sensitivity and a better 
signal-to-noise ratio. 

From Herbert Lengeler, ESS Project 
Leader, CERN and KFA Julich 

AUSTRON 

Another high flux pulsed neutron 
spallation source being proposed 
is the AUSTRON project to 
provide a new research centre in 
Central Europe, covering experi
ments in materials science, 
physics, chemistry, and biology. 
Accelerating light ions as well as 
protons, the source will also 
support work in cancer therapy 
and research. Being supported 
initially by Austria, it would also 
need additional partners. It would 
be of more conventional design 
than the European Spallation 
Source and would be faster to 
design and build. Planning and 
construction could span seven 
years. To be attractive the 
Austron would need to equal or 
even surpass ISIS performance. 
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