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1. INTRODUCTION

This working group was convened to set up an effort to characterize moderators at existing 
sources. The desired outcome was a formulation of the criteria, timing, and plans for the necessary 
experiments. The results of the deliberations of this working group are summarized here.

2. WHAT IS TO BE MEASURED?

The first task of this working group was to identify what quantities need to be measured. 
Four broad categories were identified. These were:

• the energy-dependent time-averaged flux or spectral intensity,
• the time distribution or pulse shape of the pulses as a function of neutron energy,
• the spatial variation of the spectral intensity and the pulse shape across the face of the

moderator, and
• the contamination of the neutron beams by fast or high energy neutrons.

The fundamental information about moderator performance is contained in the quantity 
I(E, t), which is the number of neutrons emitted from a unit area on the moderator face per unit solid 
angle per unit energy per unit time per source particle. The most useful normalization for I(E, v) is in 
intensity per proton p incident on the target. The units in this case are (n/cm2/sr/eV/p/s). Less 
desirable is a normalization in terms of accelerator power, with units (n/cm2/sr/eV/kW).

The spectral intensity 1(E) is defined as the number of neutrons emitted from a unit area on 
the moderator surface per unit solid angle per unit energy per source particle. It is given by the 
integral

I ( E ) = \  I(E,T)dT  ( 1)
* pulse

which is a time-averaged quantity. Here the integral is over a single pulse and the units of 1(E) are 
(n/cm2/sr/eV/p) [or less desirably, (n/cm2/sr/eV/kW/Hz)]. This quantity is shown schematically in 
Figure 1. Measurements of 1(E) should extend over the range of energies from at least as low as 0.1 
meV up to at least 1 eV, and preferably up to 10 eV.
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Figure 1. Schematic representation of the spectral intensity 1(E).
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The time distribution or pulse shape I(E, x) is defined as the number of neutrons emitted from 
a unit area on the moderator surface per unit solid angle per unit time at time x per source particle, 
within a narrow energy range 28E. It is given by the integral

i-E+ oE

The pulse shape I(E,x) is a function of energy, and must be measured at a number of different 
energies as indicated schematically in Figure 2. In principle, I(E,x) is also a function of the range of 
integration ±SE. but in practice I(E,x) is usually reported as an arbitrarily normalized quantity, in 
which case the dependence on SEis irrelevant so long as SE is small.

T

Figure 2. Schematic representation of the time distribution or pulse shape I(E,x).

A complete specification of the spatial distribution of neutrons emitted from the moderator 
would include specification of the full I(E,x) as a function of position on the moderator face. In most 
cases, measurement of the integral quantity 1(E) as a function of position on the moderator face, with 
relatively coarse position resolution, will suffice. Measurement of I(E, x) at a few positions on the 
moderator face is also desirable, and is very important for grooved moderators or other cases where 
large variations are expected. If possible, measurements on spatial distribution should be made at 
different energies, including an epithermal energy, in order to further the understanding of neutron 
thermalization.

Absolute quantitative information concerning fast or high-energy neutron contamination of 
the thermalized neutron beams, and the energy spectrum of this contamination, is very difficult to 
obtain. However, such information is essentially unavailable at present, so measurements relating to 
this quantity should be made and reported whenever possible. Even dose rate measurements would 
be useful provided the measuring conditions are adequately specified. This information is very 
important for benchmarking codes and for design of neutron shielding and collimation for the 
instruments.

Where possible, 1(E), I(E, x) and the spatial dependence of these should be measured as a 
function of the moderator physical temperature T.r

3. PARAMETRIC REPRESENTATIONS

In many cases, the measured data can be usefully represented by a few simple parameters. If 
the spectral intensity can be reasonably represented as a Maxwellian distribution plus a slowing-down 
term, then the data can be summarized by providing the integral J  over the Maxwellian part of the
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spectrum, the neutron temperature T, characterizing the Maxwellian spectrum, the normalization 
factor 1(E) / ; l for the slowing-down spectrum, and the parameter a  characterizing the deviation from 
1/E dependence in the slowing-down region. All are readily calculated from the 1(E) data, as 
indicated in Figure 1. The spectrum integral J  is given by

J = \  1(E) dE  (3)
v Maxwell

where the integral is over the Maxwellian and the units of J  are (n/cm2/sr/p) or (n/cm2/sr/kW/Hz). 
The normalization factor 1(E) / ; l for the slowing down term is just the value of 1(E) at 1 eV and has 
units of (n/cm2/sr/eV/p) or (n/cm2/sr/eV/kW/Hz). The neutron temperature T, appears in the 
exponential term in the Maxwellian and has units of K (or kT, has units of meV). The epithermal 
spectrum can be expressed in terms of the parameter a  as

1(E) ep~ E ' ^  (4)

where a  is dimensionless. These four parameters can be obtained by fitting the full 1(E) data to the 
function

I{E) = J t S ^ E ^ -  +I{E)\leV A(E)E~(l~a) (5)
\ K 1n )

where A(E) is a joining function extending over a relatively short range of E.
The time dependence or pulse shape information can also be summarized by a few 

parameters such as pulse width, rise time, decay time, and peak intensity, if these parameters are 
specified as functions of E. The height at which the pulse width is measured should be clearly stated. 
Full width at half maximum (FWHM) is usually the most useful, but measurements at other heights 
(such as full width at 1/10 maximum) can provide additional information about the pulse shape. The 
definition used for rise time should be specified. The decay of the pulse may be described by a single 
time constant, or both a short-time and long-time decay constant may be required. These parameters 
can all be directly determined from the I(E, x) data. The peak flux ImJE) can also be determined from 
the I(E,t)  data, but requires additional absolute or relative normalization information to provide the 
proper E  dependence unless the I(E, x) data already contained such normalization.

4. MEASUREMENT METHODS

The measurements for different moderators at the same laboratory or at different laboratories 
should be made using the same instruments as far as possible. However, different methods should be 
used in addition whenever possible in order to confirm the results and to cross-calibrate the different 
techniques or measuring equipment.

For 1(E) measurements Tim Broome has promised to make available one of the ISIS 
bead-type scintillator beam monitors which can travel among the different laboratories in round-robin 
fashion. The thin BF3 or 3He proportional counters or ionization counters used at the other laboratories 
are also useful for this purpose, but most cannot operate at high enough data rates to be useful for 
comparing fluxes at all laboratories. Absolute normalizations can be provided by foil activation 
measurements or by vanadium scattering, although both methods have their problems and care should 
be taken in designing the measurements and applying all the necessary corrections.

The best technique for measuring I(E,x) is the time-focusing crystal analyzer instrument. At 
low enough energies the pulse is sufficiently wide that the resolution contribution from a 
backscattering crystal analyzer instrument becomes negligible, and in such cases the backscattering 
instrument can measure the pulse shape with adequate accuracy.
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Probably the best means for measuring the spatial distribution of neutrons from moderators in 
operating facilities is to use a pinhole camera. If a counting 2D position-sensitive detector is used in 
such a camera at a pulsed source, then the full energy and spatial dependence of 1(E) can be 
measured. In other cases it may only be practical to use a slit and a ID PSD as a ID pinhole camera 
to obtain more limited spatial information. In test facilities, the use of very restrictive collimators can 
also be used to measure spatial dependence. With enough patience any of these techniques might be 
used in conjunction with a time-focusing or backscattering crystal analyzer arrangement to obtain 
information about the spatial dependence of the pulse shape I(E, r).

5. MEASURING CONDITIONS

In all cases the measuring conditions should be reported in considerable detail. Accelerator 
conditions should include the type of projectile (proton, electron, reactor), energy of the projectile, 
beam profile, time-average current, peak current, pulse width, repetition rate, and total number of 
protons or electrons on target. Target and reflector information should include full descriptions of the 
target and reflector geometries and materials.

Moderator information should include moderator geometry, size, material, and temperature 
T.r decoupling material, cut-off energy Ec, and geometry; premoderator material and geometry; 
poisoning geometry and material. It should also include information about the viewed surface 
including direction of neutrons relative to the moderator surface, direction of neutrons relative to the 
proton beam, and area and location of the viewed portion of the moderator surface.

Beam transport conditions between the moderator and the detector should also be described. 
These include the geometry and distances, the collimation or apertures involved, amounts of any 
absorbers or scatterers (e.g., aluminum, air) in the neutron beam between the moderator and detector, 
and detector size and shape, type, and efficiency. For the measurement of I(E, x) the details of the 
crystal analyzer array, including flight path lengths and crystal size, geometry, and quality should also 
be indicated.

Precise descriptions are necessary in order to derive maximum value from the measured data!

6. MODERATORS TO BE CHARACTERIZED

The working group identified the moderators indicated in Table 1 as candidates for 
measurements in the relatively near future. It is anticipated that some, but probably not all, of these 
measurements will be completed by the time of the next I CANS meeting in June, 1998. Once the data 
have been analyzed, the laboratory making the measurements will be responsible for making the data 
available in the database being set up by the database working group.

Table 1. List of Moderators to be Characterized.

Facility/Lab3 Type”
decoupled

S -O i
decoupled

L-CH,
decoupled

L-H,
decoupled

L-D,
KENS/KEK (P) flat
IPNS/ANL (P) grooved 

flat, poisoned
poisoned

ISIS/RAL (P) poisoned
LANSCE/LANL (P)
(T) Hokkaido (e) various
(T) IBR-2/Dubna (pr) various
SINQ/PSI (p-cw)

“T = test facility
bp = proton accelerator system, e = electron linac, pr = pulsed reactor, cw = continuous source
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