CRNP 947

- 26 -

The four principal components will be described in turn:

A, The monochromator facility which produces the monoener-
getic neutron beam.

B. The positional spectrometer which sets the angles @ and‘%’.

c. The analyzing spectrometer which measures the outgoing energy. -

D. The control units and recording arperatus.

Following this, brief discussions will be given of: -

E. The monochromating crystals.

F. The use of the instrument.

A. The monochromator facility

The monochrometor facility comprises the shielding,

)y

collimators and mechanism for t he monochromating crystal (Xl

a larce moveable platform which carries the rositional and
engular spectrometers, and an accurate scale by which the angle
20y can be read. The facility is designed primarily to be used
as a crystal spectrometer, but can also be used as the basis
for a double chopper time-of-flight spectrometer, or for a ro-
tating crystal spectrometer. The detailed design of the facility -
was carried out by MCALPIN (18). It was completed in January
1960, but had been used in an incomplete state since the incep- -
tion of experimental work at NRU in November 1958.
The range of the drum angle 26M is from 32° on one
side of zero to 92° on the other, in continuous ranges of -320

to +2°, -20 to +32°, 28° to 62°, and 58° to 92°. This is
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accomplished by using two concentric drums, the inner of which
has two holes (through which collimator C3 can pass) the two
holes being separated by 60°. The outer drum has four similar
holes separated by 30°. The collimator C3 passes through one
selected pair of holes, the others being plugged. By coupling
the holes together in different combinations, the different
angular ranges are covered. An open wedge at the reactor side
of the drum allows the drum to move with respect to the collima-~
tor C, and permits continuous variation within the range. The
open wedge is well shielded by the yoke at all orientations.

The drum is mechanically coupled to a moving plat-
form whose angular position can be read on an accurate scale
of large radius Esee Figs. 5-i]. The platform (and drum) can
be electrically driven in 1/8° steps, thus changing 26y.

The monochromating crystal (Xj) follows the turning
of the drum at half its angular speed, thus keeping the crystal
aligned and the Bragg relation satisfied. The half-angling
mechanism will be discussed later in connection with the analyz-
ing spectrometer., The crystal is connected to the half-angling
mechanism by a magnetic clutch, and is also connected by a second
magnetic clutch to a control unit outside the shielding. The
control unit can be used to align the crystal with the angle ZGM
held fixed at some convenient position. The magnetic clutch
connecting the crystal to the control unit is then de-energized
and the crystal connected to the half-angling mechanism by the

other magnetic clutch. The control unit is equipped with an
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accurately machined index plate see Fig. 8a which allows different
planes of the monochromating crystal to be brought into the Bragg
position, without the necessity for realignment.

The collimator C2 is mounted on a separate moveable carrier,
which can be rotated around through an angle of 90° from its usual -
position in order to change the collimator. The drum wedge, of course,
also rotates.

The drum and the yoke each have large holes, Hy and Hj, 30
cm in diameter. at their centres. In normal operation an auxiliary
gate is located in Hj, which is closed when it is desired to work in the
diffracted beam. The extra space around the crystal in H, is usually
filled with extra shielding. However a chopper or cooled filter could
be located in Hy, and a second chopper or rotating crystal unit could be
placed in H,, thus converting the unit to a time-of-flight spectrometer. ;
Hs could also be used to hold a magnet for polarized neutron experiments.

Monitor counters are located in the incoming (M;) and outgoing
(Mz) neutron beams, to record the white neutron, and monoenergetic neu-
tron intensities see Fig. 4. . Counter M} is a natural uranium fission
counter and M, is an enriched U235 fission counter (19).

Fig. 8b shows a trace of the counting rate in monitor counter
M, as the angle 26y is changed linearly in time. The trace gives -
the reactor spectrum as modified by crystal reflectivity and parisitic

reflections, -

B. The positional spectrometer )

The positional spectrometer is basically the unit

described by HURST et al. (20). It consists of a heavy arm
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whose angular position (@) is indicated directly on an accurate
scale, and an accurately indexed table (y&) which can be coup-
led to the arm through a half-angling mechanism [a belt and
pulley syste@]. The spectrometer arm can be driven electric-
ally in 1/8° steps, by a motor, cam and belt system . The
indexed table can be arranged to half-angle, or it can be in-

dependently driven in 1/8° steps.

C. The analyzing spectrometer

The analyzing spectrometer is mounted directly on
the arm of the positional spectrometer. The analyzing crystal
is mounted on an indexed table permanently connected to the
arm of the analvzing spectrometer through a half-angling
mechanism. The arm is driven electrically in 1/8° steps, at
an angular speed of eleven degrees/minute, by means of two
worm-gear assemblies. There is no mechanism for decoupling
the spectrometer from the worm drive and all movements are
made electrically. The motor, mounted at the end of the
spectrometer arm, is connected to the worm-gear drive through
a magnetic clutch. The magnetic clutch is activated for the
brief time necessary to go through the 1/8o cycles.

The half-angling mechanism consists of three bearings
(whose axes make angles of 1200), which are rolled between a
plate which moves with the arm (ZGA) and a plate which is
fixed in space. The crystal table is carried on shafts which
pass through the centres of the bearings. Since the diameter
of the bearing is twice its radius, the crystal table moves

at half the anrular speed of the arm, as required.
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The design of this unconventional but successful
spectrometer was carried out by C.A. CRAWFORD. It has been
in use since 1956.%

The counters used are enriched BF3 (96%810) counters,
which are irradiated through one end. The counters are 6.2 cm
in diameter, with an active length of 25 cm, and a dead length
at the window of 3.7 cm. Counters with BF3 pressures of 5 cm,
15 cm, 30 cm, 45 cm and 60 cm are available. Care is taken
to select a counter suitable for the wavelength range to be
studied, and particularly to be sure that the counter used
does not contain any more boron than is necessary.l:Excess
boron contributes to the fast neutron backeground but not
appreciably to the signal ;] The counters were constructed
by the Chalk River Counter Develorment Section headed by
I.L. FOWLER.

.D. The control units and recording apparatus

The control units provide the following sequence

of operations:
1. The spectrometers are set up manually with the four
parameters 26y, 268,, #, and Y/ at their initial positions.
One at least of the parameters is fixed. The numbers of

1/8o increments by which the other (moving) parameters

* Prior to this time, spectrometer B was used as the analyz-
ing spectrometer and the angle of scattering was set by
the relative positions in space of the specimen and the

analyzing spectrometer [}ee refs (3),(12i]a
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will advance, are selected.
2. The spectrometers advance to their first positions.
3. Counting takes place at the first position. The
number of counts accumulated in the signal counter for
a preset number of monitor counts (in M2), is recorded.
The counting period may be repeated without change if
desired, or repeated with insertion of a cadmium shutter
between M2 and S [Fig. hj to measure background, or re-
peated with the analyzing crystal turned out of the Bragg
position for a different kind of background measurement.
If the net signal is much smaller than the background,
signal and background counts are recorded for equal
periods. If the signal is considerably the larger, two
signals and one background period of equal duration may
be used., If the signal is very large, background is
often omitted. For magnetic experiments counting may
be carried out with a magnetic field applied to the
specimen, and with the magnetic field removed.
L. After completion of the operations at the first
positions of the parameters, the spectrometers advance
by the preselected increments again, counting is repeated,
and so on through a preset number of positions.

At the conclusion of the set of measurements (for

some types of experiments), the spectrometers can be made to

move to new §nitial positions, and a new set of measurements

carried out automatically. Where the increments by which the
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parameters advance are the same for each position (linear
operation), the number of positions is virtually unlimited.
For non-linear operation the number of positions is at
present limited to 26 or 52, as discussed in §3, and one
set only can be carried out automatically. The new paper = -
tape control unit under construction will enable any number
of positions to be used, and any number of non-linear ex-
periments to be performed automatically in sequence.

Most of the detailed design of the control units was
carried out by C.E.L. GINGELL and by E.A. GLASER.

The recording apparatus is mostly conventional.
Streeter-Amet traffic counters were used until recently. A
number of pens were added to indicate directions of travel,
signal or background, magnet on, etc. Recording is now done

on an electric typewriter and tape punch, using a unit de-
signed by W.D. HOWELL, who also designed the new paper tape

control unit.

A simple histogram plotter is used for visual pur-
poses. The prlotter consists of a modified commercial counting
rate meter and a recording potentiometer. The resistor is re-
moved from across the accumuleting capacitor in the counting
rate meter, thus converting it to an integrator. The capacitor -
and its immediate circuitry are replaced by low leakage com-
ponents. Teflon-insulated contacts, operated by a relay, can
be made to short the capacitor. During the counting period
the motor on the recording potentiometer is shut off, and the

potentiometer ren draws a horizontal line whose length is pro-
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portional to the number of accumulated counts. At the con-
clusion of the counting period the motor is turned on briefly,
and then the capecitor is shorted out by the relay contacts
restoring the pen to zero. The motor continues to run for
another brief period, thus completing the histogram plot.

A set of plots of the energy distributions of neu-
trons scattered by liquid lead (4), as recorded on the
histogram plotter, is shown in Fig. 9. Most of the distribu-
tions were taken in sequence by the spectrometer without
attention, the angle @ being increased by 6° between each
distribution taken up to @ = 96°. Starting with @ = 990,

the process was then reversed.

E. The monochromating crystals

The monochromating crystals used are cut from single
crystal ingots of aluminum 6.2 cm diameter x 30 cm long,
which are grown in graphite crucibles by the Bridgeman method.

Occasionally lead crystals cut from similar ingots are also

used. The aluminum crystals typically have rocking curves of

from 0.5° to 0.7° full width at half maximum, which admirably
match the widths of our collimators.

The monochromating crystal (Xy) normally used, is
cut as an approximate cylinder of 5.5 cm diameter by 6 cm
high, the axis of the cylinder being in the [liO] direction
of the crystal. The cylindrical axis is set vertical. The

crystal can then be oriented in the horizontal plane so that
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the (111), (002), (220), (113), (331) planes can be brought

into Bragg reflection position by means of the control unit
discussed in B [Fig. 8{3.

A similar crystal mounted on an index plate similar
in principle to the one shown in Fig. 8a, is often used as
the analyzing crystal. [ﬁee Figs 5-7;] We also use aluminum
and lead crystals cut in the Fankuchen manner to reflect -
from (111) planes. These crystals are mounted on pre-aligned
plates which are keyed in such a way that they may be secured
to the analyzing spectrometer without alignment being necessary
(see Fig. 7).

We use aluminum crystals for strictly practical rea-
sons. Of the crystals that have been available to us up to
now, they have had the highest reflectivity for our conditions.

(a) The best balance of intensity and resolution is usually

secured with collimators of aperture between 1/2° and 1°. It

is desirable on one hand that the mosaic width of the crystal

be no greater than the collimation, or neutrons reflected by

the crystal will be intercepted by the collimators, and on

the other that the crystal have the maximum possible reflec-

tivity, thus indicating a large mosaic width. The mosaic -
widths for our aluminum crystals match the requirements for

our collimators. (b) The long mean free path in aluminum

enables cylindrical crystels of 5.5 cm diameter to be used,

which would be more difficult with, say, lead or copper.
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F. Use of the instrument

In using the instrument we normally work at the lowest
practical energies in order that the resolution may be as high
as possible with a given set of crystals and collimators
However there are difficulties involved in using low energies,
because of the effects of higher order reflections by the crystals.
These effects can sometimes be eliminated or reduced by the use
of filters.

Polycrystalline beryllium filters are ideal where they
can be used, but there are not many experiments in which both E,
and E' can be kept below the beryllium cut-off (5 x 10-3 ev).
However, if E, is below the cut-off and E' is sufficiently
large that the second order energy (LE') falls outside the energy
distribution of the scattered neutrons, then a single beryllium
filter in the incoming beam suffices. Similarly if E' is below
the cut-off and E, is near or above the peak of the reactor spec-
trum then a single beryllium filter can be employed. In many
cases, however, the higher of the two energies falls in the region
in which overlap of the spectra (seen in the first and second
orders of the crystal) occurs. The new gingle crystal quartz
filters (19, § 6) are highly useful in this range, and we have
employed them at first order energies as low as 0.012 ev. Actually,
a considerable amount of order contamination can often be tolerated,
particularly with phonon experiments where measurements are required

only on particular neutron groups which can often be kept away from
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parts of the distribution which involve order effects. (However,
the order contamination still upsets the intensity calibrations,
and the intensities must be corrected.)

The filters are usually inserted at position C2 of
Fig. 4, using the collimator carrier described in §AA which
allows them to be inserted or removed without affecting the
crystal alignment, and at position C5. In these positions the
filters assist in reducing the background as well as the order
contamination.

Normally we use good collimation at C3 and C4 in order
to define the directions of ko andlgj accurately, with poorer
collimation at C2 and C5., With this arrangement the directions
of‘£p andlgf do not depend much upon the alignment of the mono-
chromating crystals X; and X2. (From the point of view of back-
ground reduction, however, it would be preferable to use the
better collimation at C2 and C5, and we actually used this arrange-
ment for several years.) We usually operate with open collimators
tapering to 6.2 cm square in Cl and C2, and with appropriate Soller
slit collimators (cadmium) at C3 and CL4L. A coarse Soller slit
collimator is used at C5, into which beryllium slabs can be fitted
when a beryllium filter is required. With this collimator in place, -
background can be measured by turning the analyzing crystal (XZ) a
few degrees out of the Bragg position.

In order to conserve intensity we usually employ Soller

slits for which the vertical divergences are limited only by the
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beam size. The vertical divergence is then set by the overall
dimensions of the beam and the specimen, and the physical separa-~
tion of the components, and amounts to roughly 30 for both the
incident and outgoing beams. This represents a compromise be-
tween the requirements for specimens (such as liquids) which
scatter isotropically about the incoming beam, and for crystals
which scatter anisotropically. For liquids the vertical
divergence does not affect the resolution or accuracy, except
possibly at small angles of scattering. For crystals the vertical
divergence is now usually the most important contributor to the
error, since it results in a small shift in the energy of the neu-
tron group arising from the second derivative of the frequency/
wavevector relation normal to the plane of the spectrometers.
Since we usually make measurements in the mirror planes of the
crystal, for which the first derivative is zero, the vertical
divergence does not much affect the resolution.

We normally try to arrange that the resolution for the
incoming and outgoing neutrons be approximately the same, by using
a coarser collimator and a plane of larger spacing with the lower
energy of the two (E, and E') than with the higher.

Every effort is made to keep the background low, since
it is often the controlling influence on the experiments. The
counter is selected according to the energy range, for best

signal/background ratio. Boron carbide and cadmium shielding

surrounds the analyzing crystal X3, and, except for the crystal,
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the counter "sees" only this shielding. A considerable amount of
auxiliary shielding is often used which is simply piled about the
various parts of the apparatus. In normal operation the back-

ground ranges from one to four counts per minute.

We now use almost exclusively the procedure in which the
outgoing energy E' is fixed for a given set of experiments, and -
the incoming energy Eg is varied. The incoming beam is monitored -
by the thin fission counter M2, whose response is almost 1/v, and
counting is conducted for a preset number of monitor counts. This
procedure eliminates the analyzer sensitivity from consideration,
and makes the intensities more accurate and (as we saw in §3) al-
most directly proportional to S(&,a)). Because the counting rate
in the incoming beam varies widely, (see Fig. 8b), the counting
time also undergoes wide changes, and therefore so do the counts
recorded from the background. It is therefore almost essential
in this procedure that the background be recorded point-by-point

with the signal, and this is nearly always done.
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The Rotating Crystal Time-of-Flight Spectrometer

The rotating crystal spectrometer (22) is a member
of the class of pulsed-beam spectrometers in which a pulsed
monoenergetic beam of neutrons 1is scattered by a specimen,
and the energy distributions of the neutrons scattered
through various angles are measured by time-of-flight. In
general, pulsed-beam spectrometers are capable of higher
resolution for a given intensity than are crystal spec-
trometers. (However they do not permit the constantlgﬂmethod
nor the other special methods to be used.) The rotating
crystal instrument is the simplest and cheapest of the
pulsed-beam spectrometers, but it has a number of peculi-
arities which operate both to its advantage and disadvantage.
In the sections following we will discuss the following

topics:

A, General principles of operation of the rotating
crystal spectrometer.

B. The present Chalk River rotating crystal spec-
trometer.

c. Theory of the instrument.

D. Use of the instrument.

A, General Principles of operation

In the three years since the first rotating crystal
spectrometer was set up at the NRX reactor, several versions
have been wused for various experiments at Chalk River. A

schematic diagram of the apparatus now in use at the NRU
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reactor is shown in Fig. 10. A single crystal rotates about

a vertical shaft, at a comparatively high angular velocity,

in our case at 8000 r.p.m. Each time a crystal plane comes

into position for Bragg reflection a burst of monoenergetic

neutrons, with energy given by the Bragg law, is sent down

the collimator and impinges on the specimen. The scattered

neutrons are observed by means of several counters at differ-
ent angles of scattering, and their energies after scattering
are determined from their times-of-flight over the known

distances from the specimen to the counters.

The method has several attractive features:

(a) The equipment is comparatively simple and cheap,
and is rugged and reliable.

(b) Backgrounds are low since the monoenergetic beam
is deflected away from the line of the experi-
mental hole.

(¢) There is no time-dependent fast neutron back-
ground.

(d) The pulsed monoenergetic beam can have a larger
area than is readily obtainable with beams pro-
duced by mechanical means.

(e) As in other pulsed-beam time-of-flight methods,
measurements may be made simultaneously at several
angles of scattering, thus enhancing the counting
rate.

(f) Burst-focussing properties sometimes enable long

on-time to be used without spoiling the resolution.
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As in crystal spectrometers order contamination
exists in the monoenergetic beam. If the rotating crystal
produces only two bursts per revolution (i.e. if a single
plane is used) then it can be arranged that the only con-
taminant pulses will be those from the higher orders of the
plane used. If, however, four or six bursts per revolution
are produced, then other planes necessarily also come into
reflecting position, and contaminate the beam. For example,
we have used an aluminum crystal with its [;Lﬂ axis verti-
cal, which produces six bursts per revolution from {220}
planes, but which also produces six bursts from {AZ?} as well
as from.{th} planes. There are thus contaminant bursts of
3 times the nominal energy, as well as the usual order con-
tamination of 4 times the first order energy.

In addition to order contamination, the beam con-
tains neutrons diffusely scattered by the rotating crystal
and its shield. These neutrons have a distribution of ener-
gies, and are scattered continuously in time, so they produce
a flat background which is almost time-independent. This
white contamination i1is much more important with a rotating
crystal than with an ordinery crystal spectrometer, because
the Bragg-scattered neutrons are reflected only for a small
fraction of the time (say 1%) while the diffusely-scattered
neutrons are produced all the time. It is therefore very
important that a crystal for use in a rotating crystal spec-

trometer should have little incoherent scattering. It should
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also have a melting temperature >> room temperature, so that
thermal diffuse scattering can be kept small. (A high melt-
ing point 1s also desirable from the point of view of me-
chanical strength.)

All order contamination could be removed, and the
white contamination reduced, by passing either the incident
or diffracted beam through a coarse chopper phased with the
rotating crystal so as to pass first order neutrons, At
some cost in intensity, but with an improvement in resolution,
this could also be accomplished by reflecting the beam again
from another rotating crystal phased with the first. Filters
may also be used, as in normal crystal spectrometers. At
present the instrument is being used with neutrons of wave-
length longer than the beryllium cut-off, and a liquid-
nitrogen-cooled beryllium filter eliminates the order con-
tamination.

In common with all pulsed-beam spectrometers the

instrument suffers from freme overlap. It is not clear,

a priori, with what initial neutron burst a detected neutron
is to be identified. Hence the time-of-flight of a neutron
is ambiguous to the extent that any integral number of repe- -
tition times may be added to the nominal time-of-flight.
Frame overlap for a given spectrum can be almost eliminated
by reducing the repetition rate of the monoenergetic pulses,
but usually only at a considerable cost in intensity. It
can be corrected for in several ways which will be discussed

later.
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Especially at long wavelengths, the operation of
the instrument is influenced by the Doppler shifts in the
neutron velocities produced by the crystal rotation. These
are correlated with the positions in the crystal at which
reflection took place, since different parts of the crystal
have different velocities. The shifts can sometimes be used
to compensate for the wuncertainty in the time of origin of
the burst, which is introduced by the dimensions of the ro-
tating crystal. Furthermore as the crystal rotates the length
of the path followed by the neutron may change in time, as may
also the reflected wavelength. Thus there is the possibility
of burst-focussing, (22) since neutrons reflected at different
times with different wavelengths in different parts of the
crystal can be made to arrive at the counter simultaneously.

Because planes of high multiplicity can be used (of
up to six in a cubic crystal) the repetition rate of the
pulses can be high with quite moderate speeds of rotation.

The rotating crystsl spectrometer is inherently
a high resolution instrument since, if the instrument is to
be efficient, the collimation must approximately match the
effective mosaic width of the crystal. This width is usually
not large, nor can a crystal of very large mosaic width be
profitably used even if one were available, because of the re-
sulting low peak reflectivity. Thus the angular apertures are

kept small, the burst time short, and the resolution high.



CRNP 947

- Ll -
B. The present Chalk River instrument

At present the instrument is set up at one of the
elliptical holes which penetrate the NRU reactor core,
similar to the hole used by the triple-axis crystal spec=-
trometer (§4). The rotating crystal is mounted on a
lathe bed set parallel to the line of the neutron beam (see
Fig. 10). A mechanical linkage between the centre of the .
mount for the rotating crystal and the sprecimen table keeps
the collimator correctly oriented. Thus, except for neces-
sary changes in the shielding, the wavelength is continuously
variable. A filter, cooled to liquid nitrogen temperature,
is located within the reactor shielding. For wavelengths
>-AX a filter consisting of 4O cm of polycrystalline beryl-
lium plus 30 cm of quartz single crystals (21) is used. (The
quartz is cheaper than the beryllium, and supplements it for
fast neutron and Y-ray shielding.) For wavelengths <:LX fil-
ters consisting of several quartz crystals with a total
length of up to 80 cm are used. In addition a single crystal
of lead 6.5 cm in thickness is sometimes included to assist
in the suppression of Y-rays. The filters will be discussed
in more detail in §6. With these filters in the path of the -
beam, only nominal shielding is required around the rotating
crystal and to stop the beam.
The rotating crystals used up to now have been
aluminum spheres about 6 cm in diameter which were cut from

single crystal ingots on a lathe. They were then oriented in

the desired way, and 2 0.63 cm hole drilled through the
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sphere along the axis of rotation. The crystal was then
mounted on a threaded shaft and held by means of lock-nuts.
The assembly was then trimmed in a lathe to balance it. The
crystal and its shaft are mounted in a cylindrical shield,
with the shaft passing through self-aligning bearings in the
ends of the shield. The shaft is flexibly coupled to a com-

mercial®* hysteresis synchronous motor, which operates from a

* Manufactured bv The Electric Indicator Co. Inc., Stan-

ford, Connecticut, U.S.A.

115 volt 400 cycle supply. A six pole motor gives a speed of 8000
r.p.m. and a four pole motor 12000 r.p.m. The motor drives a mirror
with the appropriate number of faces to produce pulses in a
photomultiplier each time a crystal plane comes into reflect-
ing position. The pulses from the photomultiplier start the
timing circuits of the electronics to measure the times-of
flight of the neutrons.

The reflected bursts of neutrons pass through a
collimator (C2), a thin monitor counter (M2), and then im-
pinge on the specimen. The neutrons scattered by the specimen
are observed 1in a set of three detectors, which are located
within a massive shield mounted on a trolley at a distance of
3.3 metres from the specimen. The trolley moves on a set of
tracks, the wheels of the trolley having the correct conical
camber to maintain the alignment of the counters. Detailed

design of the unit was carried out by W. BEALE, A photo-

































































































































A.E.C.L. Ref. # A-2604-D U
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Fig. 13 Reciprocal space diagram for an element of the crystal with a velocity com-
ponent in the direction of Q of JC{KQ/mN. The vectors k and -k' apply for the crystal
stopped. Vectors ko and =k' (laboratory system) satls?y the ragg condition for the
same @ with the crystal moving. Vectors k o and -kK'r are the wave vectors for the ac-
tual burst which occurs with the crystal or?en‘ced di}:ferently iQs—>Q,T) than for the
crystal stopped. ~ow
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Fig. 14 Time distribution of h.O5R neutrons scattered by a flat specimen of water at 25°C
through an angle of 75° as measured on the rotating crystal spectrometer (25). The trans-
mission of the specimen for 4.05% neutrons was 78%. The background is shown by the heavy
flat line near the abscissa. The distribution for one frame is shown, extended to the left
into the preceding frame. Insert (a) shows the distribution obtained with a counter at the
specimen position, which gives the zero of the time scale and the resolution function for
E'5>oo, Insert (d) shows the elastic scattering from a thin specimen of vanadium which
gives the resolution at the incident energy. Insert (e) shows part of the time distribution
obtzined when a beryllium filter jis interposed between the specimen and the counters thus
eliminating neutrons with:\<-3.96k. The dashed curve shows the distribution for water
approximately corrected for frame overlap. The arrows A indicate the supposed positions of
the peaks with energy transfer 5 x 10~% ev reported by HUGHES et al. (26?. Only the dif-
fusive broadening (3) is in fact observed.







