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SUMMARY

The considerations displayed in this report refer to a cold necutron facility
of the type fixed crystal with chopper. The special idea of the arrangement
proposed is to use large Bragg-angles. By this mean we obtain for a predetermined
value of the energy resolution high intensities, as large angular divergencies
in the primary reactor beam are allowed.

By using a new method of double Bragg-reflection, the normal disadvantage
of large Bragg-angles, i.e. the monochromatic beam tends back towards the
reactor block, is cancelled.

The performance data claimed at the very beginning of our calculations are
specified for clastic neutron scattering work : small wave length spread
(AAl2)s = 0.01, values of the angular divergencies (with respect to sample
and detectors) and of the time of flight resolution adapted to the wave length
spread.

With these input data our proposed facility, which we install for a thought
experiment at the largest beam hole of the reactor Ispra-1 (12” @ at the reactor
core), supplies us with a mean neutron current through the sample (duty cycle
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SUMMARY

The considerations displayed in this report refer to a
cold neutron facility of the type fixed crystal with
chopper. The special idea of the arrangement proposed

is to use large Bragg-angles. By this mean we obtain

for a predetermined value of the energy resolution high
intensities, as large angular divergencies in the primary

reactor beam are allowed.

By using a new method of double Bragg-reflection, the
normal disadvantage of large Bragg-angles, i.e. the
monochromatic beam tends back towards the reactor blOck,

is cancelled.

The performance data claimed at the very beginning of

our calculations are specified for elastic neutron
scattering work : small neutron energies (below the
Be-cut off), small wave length spread (Al /’,\7%= 0.01 ,
values of the angular divergencies (with respect to sample
and detectors) and of the time of flight resolution

adapted to the wave length spread.

With these input data our proposed facility, which we
install for a thought experiment at the largest beam

hole of the reactor Ispra—I (12n ¢ at the reactor core),
supplies us with a mean neutron current through the

sample (duty cycle included) of about 2.107 neutrons

per minute. This number lies very close to the correspond-
ing intensity value, which is attained by the "Three
Phased Rotor Unit" installed at the H.F.B.R.-Reactor

in Brookhaven.



A - INTRODUCTION

The investigations on elastic and quasi-elastic .
scattering of neutrons by water have become very
interesting for a couple of years. Just to bring
one example we would like to refer to the intense
activities in the study of structure and dynamics
of water (1 to 11) by means of neutron scattering.

One of the most powerful experimental methods in

this field is the time of flight technique, to which
we shall restrict our considerations in the following.
The main requirement for those measurements we have
in mind is a very high resolution of the apparatus

in order to separate the inelastic contributions

from the elastic range and even to detect any
structure in the elastic peak, which could be caused
by those famous "quasi-elastic" scattering processes.
This leads in connection with the nearly trivial

claim of high intensity to the following characteristics

of a good spectrometer for elastic work :

- Small and well defined energy of the mono-
chromatic neutrons.

- Energy resolution of the analysing part of
the instrument equal to the sharpness of the
primary neutron energy.

- Angular divergencies of the beam with respect
to sample and detector adjusted to the energy
resolution of the system, in other words
the effective areas of sample and counter
should be as large as this limiting condition
allows.

High burst rate without overlaping neutrons
from different bursts.

-/



If we look at the cold neutron facilities which are
operating up to now, we find that each type has at

least one striking disadvantage with respect to our
aim.

- Slow chopper with filter (12) : The energy
resolution 1s too bad.

- Two or more phased rotors (13) : The area of
the beam cross section is limited by reasons
of mechanical stability to be relatively small

- Rotating crystal (14) : It is difficult to
attain the desired energy resolution at low
neutron energies and large beam areas because
of the Doppler-effect. Moreover, the angular
divergencies are much smaller than one could
accept in regard to the corresponding energy
resolution.

- Fixed crystal with chopper (15) : This arran-
gement is used with neutrons reflected out
from the direct reactor beam by an angle of
90 degrees or even less. In this case the
angular divergencies of the monochromatic
neutroh beam are again too small as already
indicated above.

For the first moment our proposal seems to be only

a simple modification of the latter type of cold
neutron facility : The direct beam of the reactor

is reflected by a single crystal under a large
Bragg-angle and afterwards chopped by a slow chopper
before impinging on the sample. Large Bragg-angles
are necessary in order to get large anglé divergencies
(equivalent to high intensity) at a given value of
the energy resolution. But this large Bragg angle
perhaps was also the reason why people did not yet
use this system, as the monochromatic neutrons are
flying back towards the reactor block with an angle
to the beam hole axis of 135 degrees (or 45 degrees

if you like). y



However, we believe that we can get rid of this
drawback without loosing the principal advantage -

of this system by the method of double Bragg reflection
under large Bragg angles. In the following we shall
treat both methods of double and normal back-reflection
as they might complete each other. While in the first
case, where the direction of the monoenergetic neutron
beam is perpendicular to the beam hole axis, only
neutrons which are scattered in the sample by angles
between 0 and 90 degrees can be observed, this range

is extended in the second case to 135 degrees starting
at 45 degrees. '

The considerations written down in this report should
finally give us an idea about efficiency, dimensions
and costs of this new type of cold neutron facility.

B - PERFORMANCE DATA CLAIMED

The performance data stated here should fix quantitatively
our ideas of a good spectrometer for investigations on
elastic neutron scattering as described in the chapter
before. These data are based on two assumptions which

are more or less arbitrary :

1) We intend to use Al-single crystals orientated thus,
that the neutrons are reflected by the (111)-planes
with the Bragg-angle © equal to 67,5 degrees.

2) Our system seems to be predestinated for being
installed at a very large beam hole. Therefore,
as we have no better model, we do the lay out
of the facility according to the dimensions of
the largest beam hole of the Reactor Ispra I
(internal nomenclature 12 SH 1).



By the assumption -6 = 67,5° and the

interplanar distance of the Al (111)-

planes, d = 2,3 A°, the neutron

wave length is settled to be

A = 4,3 A°., (Corresponding values

of neutron velocity v = 930 ms~]

and of neutron energy E = 4,4 meV).

The half width of the neutron wave

length spread should amount to
(Axfx)% = 0,01. From this

postulation consequently follows

firstly that the resolution of

the time of flight system should.

correspond to 47/T = 0,01

(with A7 # half width in time of the

neutron burst and T £ time of flight

for elastically scattered neutrons)

and secondly that the angular diver-

gency of the chopped beam in the plane,

which is built up by the beam axes

(the axes of beam hole and reflected
beam and the lines sample detectors
should lie within one plane), should

have a half width of (4%), = 0,01% 0,6

degrées. The angular divergency
perpendicular to this distinguished
plane doés not influence very strongly
the spread of the finally detected
momentum transfer. (This is valid

at least for neutrons scattered in

the sample by angles 30° < @ £ 150°).

Therefore it could be (Ai(_)J_-'—' 0,10=6°,

In connection with the values of the
angular divergencies, it is of some

5.

© = 67950

d = 2,3 A°

L = 4,3 A0

v = 830 ms=1

E = 4,4 meV
(Ax/x); 0,01

4z/T = 0,01



importance to have an idea of the
beam dimensions at the position
of the sample. Those are limited
by the chopper. We believe that

a reasonable size of the chopper
windcw will be 5 c¢cm x 10 cm,
where the small side should be
~parallel to the plane of the

beam axes.

Eg =5 x 10 cm?









The incoming filtered beam passes the first side of the
sandwich without being scattered coherently by the
(111)-planes. The orientations of the (111)-planes

in both parts of the sandwich are chosen thus that

a maximum percentage of the neutrons with the wavelengths
‘around the desired value of 4,3 A° are reflected back
from the second side, undergo another reflection in

side 1 and leave towards the chopper.

The chopper itself should be the same for both cases

N and D. It is designed with respect to two facts :
maximum transmission for 4,3 A° neutrons and very large
duty cycle. Large duty cycle means high repetition rate
and this creates the problem of overlaping neutrons from
different bursts. In our case, as we are operating with
very small primary neutron energies, this disturbance

is caused especially by neutrons, which are scattered
inelastically with energy gain. Those neutrons could catch
up with the elastically scattered neutrons of the burst
before.. A Be-filter, cooled by liquid nitrogen, should

remove this difficulty.

It was also considered to pu*~ the chopper behind the

sample and to cut off the "high energy"-neutrons by

the chopper itself. But this arrangement has one weighty
disadvantage : we can use only one counter bank. Because

of the higher effectivity of the instrument, when operat-
ing with somé more and independent counterbanks at the same
time, we would prefer to install the Be-filter as indicat-

ed in Fig. 1.



10.

D - SPECIAL CALCULATIONS

The calculations of this chapter do not pretend to a
very profoundness. One should consider it to be an
attempt of evaluating the characteristics of the facility
by some simple estimations. '

1) The Monochromatic Beam

Here we intend to deduce step by step the components
of the intensity formula for the monochromatic beam
before the chopper
I= ¢(2)-43 §(R/4n)df R (1)
where ¢(})é flux of the filtered beam as a
function of the neutron wave length

A_T\ 2 mean wave length interval for the
neutrons selected by the crystal

'SQQ/Hﬁ)ifg emission probability by geometry

R 2 reflectivity of the crystal

This intensity I represents the monochromatic neutron
flux integrated over the area of the chopper window,
it is a beam current with the dimension neutrons per
time unit.

In the following the calculations for normal (N)
and double (D) Bragg-reflection are dealt in
parallel.

a) Scattering Angle ¥ and Bragg-Angle ©

The relation between the scattering angle ¥ and
the Bragg-angle © , as illustrated in Fig. 3, is









b)

13.

The maximum spread (AY)pax is given by the diffe-
rence of the extreme values 3{1 and }fz which belong

to the border rays. (4Y)pay = Y, - 94 = 20, + 20,
&, and o, are the angles between border ray and

axis of the collimator before and behind the
crystal. (see Fig. 4).

If we assume the population ofg?to have the
idealized shape of a triangle distribution
around yowe get for the half width a value of

(4_?)3 = (Yfﬁ)/z = o, o, (5)

By this expression together with equation (3n)
and (3d), we obtain the relation between the
main spread of the Bragg-angle (AG) and the
collimations.

@0),= (%+%)2 ()i - (40),=(xr %)/4 (64)
% | T

N D

Wave Length Spread (A '\/1)

A combination of the results above with the Bragg-
law leads straight forward to the value of the

- mean wave length spread (A ',1/1)% we are interested in.

The Bragg law mdle2d e © y MT 1,23 (T)
gives by differentiation a-AL= 2d 0o ©-46 (8)

Now we devide equ. (8) by equ. (7) and get

(aa/1) = cly 0 40 (9)
/-



14.

The halfwith of the wave length distribution in
the reflected beam corresponds to (Ag)i of
equ. (6n) and (64) respectively

N D

@:\/’,\)1 k- (e )/a

(104)

(m/l) = oty (%)

(10n)

If we introduce now the values Oﬁ}/})l = 0,01 ,

©=67,5° and %= (%)= 0,01 of chapter B,

we get the determination of the beam hole colli-

mation <, . (o<2=(A7()"is correct if we assume again
a triangle distribution in X).

N : D
1
= * 9- - = . - bt
240-0A/D; -, =% 490 (Al/%)%
= 0,0384 ! = 00,0868

Input Flux QP(1) A}

From other facilities with liquid nitrogen cooled
Be-filters inside the beam hole one knows that
about 1 % of the thermal flux (here 2.1013cm2g-1)
passes a 30 cm filter unit. The shape of the
wavelength distribution is assumed to be zero

for wave lengths smaller than the cut off value

of 3,96 A° and to follow the low energy tail

of the thermal equilibrium distribution beyond
this limit (see Fig. 5).
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The mean value of the wavelength interval Z:i
which enters directly to the intensity formula

is not equivalent to the AA of the final wavelength
spread (A)J’l)% . It is much smaller and given

only by the output-collimation a%: Let us consider
one arbitrary direction in the filtered beam which
includes fogether with the axis of the output
collimator the angle ¥ . Then we see that neutrons
deflected by angles between y—o‘z/z_and Y+o, /2
can pass the output collimator. The interval A\f—‘-' 7]
is independent on the primary direction.

With equ. (3n, d), (9) and our input data we get :

=115 0 il &7

N : D
|
Bi=chy0-1 /2 (14m) | BA= kg€ dooc /. (14d)
= 8,90 16° A" =4S At A
|
|
omd i
P A =(1.3-10"890-10") /(4.3 | d()Ad=(1.9-1" thus10)/(43)°
|
|

=§35 108 s
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d) Crystal Mosaic Spread
The statement above, that A‘j’=°‘z is valid for
all neutron directions preselected by the beam
hole collimator, is based on two assumptions :

- Firstly all the range to which the wave lengths
of the reflected beam extend, should be equally
populated in the reactor beam, and

- Secondly the structure of the crystal should
provide that all nsutrons which finally pass
the output collimator are reflected in saturation.

It can be easily understood that the first point

is fulfilled very well as the chosen value of the
neutron wave length is away far enough from the
Be-cut off. The second point however should be
explained more deeply. Here we have the impression
that we touch the main problem of the facility
proposed in this report and it will be investigated
experimentally as soon as possible.

As the outgoing collimation is rather sharp compared
with the collimation inside the beam hole, we
neglect e, and consider only o¢, when discussing

the crystal structure. We demand that all neutrons
of flight directions within a range of 7 o,

around the main direction should be reflected in
saturation. This means that the value of the

mosaic spreadof the crystal should be of the order
of magnitude of (A\p)izon . (In the arrangement D
this is valid only for side 2 (see Fig. 2), whereas
for side 1, the value of @ﬂqo% could be much smaller.
Here we have (A\V)%w @9)_2: 0,024).

Moreover this spread should not be of an isotopic
character but of cylindrical symmetry as follows :

/-
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the normals to the (111)-planes are all rather

exactly (spread about 30') lying parallel to the
plane of the beam axes, but have an angular dis-
tribution within this plane of half width (A \}')1%2"41
This definition of the anisotropic spread is
exactly valid in the case of a plane non

focusing crystal (see below) and should be

modified a little bit concerning the plane built up
by the normals if we consider a "bent mirror".

In any case it is obvious why this kind of aniso-
tropy is desirable : it should avoid primary
extinction by reflections in other direction but
towards the output collimator. In general it should
be possible to attain this type of structure by
rolling plates of well oriented single crystal
material.

Geometry Factor:gCQJ@ﬂ).dF

The expression5(41/4n).dF comprehends the influence
of the beam hole geometry on the current at the
reference plane. In our case the reference plane

is the chopper window, or better the sample, if

we include already the chopper to our considerations.
With the assumption of the crystal reflectivity
equal.to unity, the termékkb@ﬁ)¢rindicates the
neutron current through the sample corresponding

to the flux unity_at the emitting plane next the
reactor core.

An exact solution of this integral is rather
difficult, as there should be taken into account

the variation of L over the emitting plane but

also another importance function affected to 4F,
which is caused by the geometrical flux distribution.

-/-
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Therefore we do the following simplifying
transformation :

fR /) aF = Fo, o/ (15)

with F £ area of the neutron emitting plane

%, | A angular collimation in the two planes
ﬁ of symmetry (horizontal and vertical).

We decided F to be 20 cm x 20 cm (see sketch of the
final lay out Fig. 12). Moreover we have already
determined & for the two arrangements N and D.

The only missing number is[§. It is easily evaluated
for the case of a plane non focusing crystal.

There we get :

[_Bw-'-‘ Ew /(Dgc, + Dcs) (16)

where 2@“ 2 long side of the chopper window
Dec 2 distance reactor-crystal

D.s 2 distance crystal-sample

There is a possibility of increasing this value

by at least a factor of two if we go to some expense

in the construction of the crystal. By bending the
crystal (in the arrangement D only one of the two
sides) or composing it of a few stripes with an adjust-
ed orientation of the (111) planes one should be
successful in obtaining a focusing effect as
demonstrated in Fig. 6 (axes of primary and reflected
beam turned into one plane).
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We consider the special event that a neutron penetrates
the crystal to a depth x along the flight path s1 .
There it is Bragg-scattered and leaves the crystal

along sy without being reflected again. The corresponding
numbers -of (111)-planes, which were traversed along

sq and sp respectively are :

M4=(54’M'NG)/&/=(X'MG?—,S‘)/(.&'W34°) (18)
Gand,

zwL=(sam&e)/ow(x-mevf.b)/(cb coo 36°) (19)

If we neglect absorptioh and assume w to be the proba-
bility for Bragg reflection per plgne and d to be the
mean distance of equally orientated planes {taking into
account the mosaic structure), we get for the probability
that a neutron of the right energy is scattered in the
sbace between x and x + dx, but no more when it goes

out of the crystal, the expression

(x)dx = exp {—w/w,‘} W al/w1 . %‘1"{""”‘”& }
= exp {E—WX)(O\;VG?,SO/GGO34O+ /.\/(M/G?,S"/m?‘o)/da}' .
o (W 615" .Lx)/(d,m3'l°) (20)
For the case of a crystal in saturation (we mean saturation
for all neutron energies, which could be reflected into
the output'channel), we get the reflectivity R (including

only single reflections) by summing up the differential
contributions from X=0 40 X= 00

1/(1+ wo34°/ooo?6°) (21)

fo ]
RN = S*r(x) dx
o 0,22

"
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The partial reflectivity R1 is of course equal to Ry,

as the geometrical situation is the same. But for side 2,
we find that the traces of incoming and leaving neutrons
have nearly the same length. Therefore the reflectivity
is increased to R, = 0,47 . With these_numbers we obtain

Ry = Ry . Ry = 0,22 . 0,47 = 0,10

In order to demonstrate that these numbers will be
realistic, we would like to remark that the Swedish
workers Dahlborg, Skdld and Larsson (15) report about
a measured reflectivity value of 27 % for an Al-single
crystal but 1,08 A° ﬁeutron wave length. Also in this
case the angular divergency of the primary beam is
rather large.

For the experiment it could perhaps be favourable to

use an arrangement like this of PFig. 8b. The main
advantage there will be that the outgoing neutrons are

not forced to penetrate again side 2 which will have

a thickness of a few centimeters because of the large
mosaic spread requested. The position of side 1, the
curved crystal, should not be changed (althought one could
increase the angle between the crystal surface and the
axis of the reflebted beam, as the neutrons are reflected
back- from side 2 under an angle of 45 degrees), as other-
wise one could not use side 1 in the case of normal
Bragg-reflection N. The overall reflectivity Ry calculated
for the arrangement of Fig. 8a:is practically not changed
if we go over to the arrangement of Fig. 8b.

Monoenergetic Beam Current I

Now it is a small step to the beam current, we can expect
before the chopper. We should only collect the numbers
we have already prepared above, and put them into the

/-

intensity formula
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I= %) a2 J(@/un)df-R (1)

The results are

N D

I=1,15.102.5,44,10-2,0,22 I=5,75.108.18,4.10-2.0,10

1,4.107 g7 1,1.107 s-1

2) The Chopper

It must be the aim of our calculations about the
chopper lay out to maximize the value of the duty
cycle & with a burst time Aw which fits to a time
resolution AT/T = 0,01 of the time of flight
system. According to the definitions we get :

s=AT-o-v=001Ta-v=(004-L-av)/ar (22)

half width in time of the neutron burst(s)

& = number of neutron bursts per chopper
revolution

2 chopper frequency (revolutions per second)

2 neutron time of flight (s) corresponding to
A= 4,3 a°

Ar 2 neutron velocity (930ms=!) corresponding

A= 4,3 A0

L length of the neutron flight path (m)

From equ. (22) we see that we are forced to find a
compromise with respect to the mechanical construction.
This is valid especially for the length of the neutron
flight channel, as in our case with angular divergencies
of 0,01 and 0,1 respectively, the dimensions of the

/-






b)

2.

This type of chopper supplies us with four neutrons
bursts per revolution. Thereforé we already arrive
at the value (@-v ) = 1000 with a chopper speed of
15 000 r.p.m.

The sense of rotation should be chosen in such a

way that the arm in the region of the beam moves

with the neutrons. By this method we avoid any
interference of the chopper arms with the neutron
burst, which is just cut. As we see in the system

of the rotating chopper, the traces of the neutrons,
which can pass one arm, tend away from those two

arms perpendicular. Moreover the chopper will be rela-
tively light. According to the picture we have in mind,
the chopper should be composed mainly of Al and Be.
Therefore we believe that one should not have troubles
with the chopper speed of 15 000 r.p.m. With these data
of the general chopper lay out we obtain for the value
of the duty cycle

g= (0,01 . 5. 1000) / 930 = 0,054

Dimensions of the Slits

For the first calculations about the dimensions of
the chopper slits we treat this chopper like a
straight slit chopper, as the curvature of the slits
will finally - if at all - be adjusted to the

(sharp) neutron energy.

As already indicated above we drive at a solution

with four arms, each composed by a packet of Be-plates,
which are cadmiated at the surfaces where they touch
each other. The neutrons should pass the beryllium

and be absorbed, when hitting the Cd-layer between

—/-
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the Be-plates. The length of these plates is already
predetermined by the dimensions of the beam to be about
110 mm (minimum 100 mm). Further we have to evaluate
the numbers for the width, thickness . and curvature

of the plates.

We start with the width Spe and thickness gBe’
which are coupled by the neutron burst time AT

AT = oy [TV = g, [Sey 2RV (23)

This equation is based on the assumption that the
angular divergency of the chopper slitsﬁ¥CH, equi-
valent to the angle between border ray and cadmiated
surface (see Fig. 10), is much larger than the
angular divergency (Ax)u-z 0,01 of the monochromatic
neutron heam. We see below that this postulation

is very well fulfilled.

From Equ. (23) we get with A“c:=(0.04'l-)/’\}'
ey = Oy /55, = (2AV-0,04-L) /a5 = 0,08€

The exact method of deducing from this ratio the

absolute values ofgBe and Spe is a maximizing

calculation for the chopper transmission, taking into

account the inelastic scattering in Be and the decrease

of the effective beam cross section by the Cd-layers
of thickness SCd .

For this purpose we first have to determine ng .

We claim that the transmission through one Cd-zone
should not exceed the value of 1073 . The most
unfavourable beam geometry with respect to the

length of the neutron traces inside Cd is demonstrated
in Fig. 10.
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" room temperature ijzBe = 0,06 em~! . The term_Tr;
which is of interest here, represents the maximum
value of the (triangular) chopper transmission
function in time. By this value the intensities of
chopped and unchopped beam are connected in the
following way : |

n= I Tr.Ax
where n % number of neutrons per burst

(I 2 beam current before the chopper, dimension
neutrons per time unit).

According to the general lay out of the chopper,
the value Tr itself is determined by the product
of th terms : '

- the ratio of effective chopper cross section to
the overall area of the chopper window

- and the attenuation of the neutron insensity by
the beryllium

T = (85, exp{- Tae'Sse}) /(Baet et ) (25)
With the data Oy / sy = 0,085 ,0,, = 0,01 cm
and 25, = 0,06 cm-!

we already know : TT = (880' exp {?- O.?Of- g&})/(ggé‘ 0,04)

For optimizing the thickness gB of the Be-plates
we look for the value corresponding to dfpr/ol.gg,,= 0.

0= g4/, 40
- SQc /(SB¢+ 0,01 )2. - 0'405-836/(85: 0,04)]

(26)

There from

(- 03058, ) /(5 + 0,94) - 550/(5%”'04)2‘: o (27)
L
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With the simplifying assumptidns
Arar b 5'8' ond COQX’='4
we find the following relations :

t=(sh+txy)/~ (29)
and (Xol—")(o>5 AXo = CSX)/Z (30)

By these equations we come to

(Xo|-><°)= Axo = QS/Z)Z/(/U’/ZE\/"XO) (31)
Using the results of the optimizing calculations
above, we calculate AXofor X,= 3 cm and X,= 8 cm
(Ax,); = 0,0075 cm
(Ax,)g = 0,0083

These numbers indicate that it is suitable to work

with an uniform curvature corresponding to Ax,= 0,0080 cm
Even if the curvature of the Be-plates is completely
neglected, the optimized value of the chopper transmission

(Tv) = 0,85 is decreased by only

optim.

Ax,,/(SBe)%%': 0,008 / 0,11 7 %

The Efficiency of the Facility

There is only a small step now to the numbers, indicating
the efficiency of the whole facility. We at least have

to connect a few data evaluated by the previous calcula-
tions.

a) Beam Current at the Sample N

The main number of neutrons N arriving at the sample
per time unit is built up by the product of

- the neutron beam current I before the chopper

- the duty cycle & of the chopper

— the chopper transmission T,
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- and a factort}, which takes into account the attenua-
tion by scattering and absorption of neutrons in the
filters, in air and a few window plates. We estimate v
to amount about 70 % . '

N=1I.¢% .Tf{-v)

Now we have to split up our considerations according
to the two distinct arrangements with normal and
double Bragg-reflecting crystals.

N D

1,4.107.0,54.0,85.0,70 N=1,1.107.0,054.0,850,70

=
]

4,5 . 105 s 3,5 . 107 -1

It
I

2,7 . 107 min™! 2,1 107 min~1

.

Detector Count Rate c¢

We calculate the count rate ¢ of one counter bank
with the following assumptions about the neutron scatte-
ring experiment itself

~ One percent of the neutrons striking the sample
are scattered isotropically. The rest is transmitted
and will completely be absorbed afterwards.

— The angular divergencies of the neutron traces
reaching the detector amount to the value of
Qﬁx)r=0,01 and CA«)L= 0,1 respectively. (Corres-
ponding area of the detector about 5 cm x 50 cm).

— The detector efficiency is supposed to be e = 0,5 .

- The neutron flight channel is filled by helium gas.
(No attenuation of neutron intensities, see chapter E).

We get :+ C= 0,04:N- (A’)\)“ '(AX>.L . e /LfT\,
and with the numbers of those two arrangements N and D
N ! D
c = 0,18 s-1 c =0,14 s
o2 10 min~! 2~ 8 min~
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These nﬁmbers of the integrated count rate will

be confronted with a background (without samplé)

of about 5 counts/min. If one looks however

only to the region of the elastic peak in the time

of flight spectrum (range about 100}&9, one should
find that the background component, which does not
arise from the sample or sample container is negli-
gible, as the corresponding ratio of signal to back-
ground will be in the order of magnitude of some 104 .

The Costs

For a judgement of the facility especially with
respect to the chance of realisation, it will be

of some importance to have an idea of the price.
Therefore we present below a list with the costs

of the main components of the spectrometer. Those
costs - this should be stated very clearly - result
from very rough estimations.

- Be-filter material $ 5 000 -
- Bi-filter material 4 000 -
- Mechanics of the beam hole plugs

(including lead plugs, pumps,

cooling system) 3 000 -

- Shielding waggon with crystal

supports ' 5 000 -
- Sandwich crystal (normal

crystal included, see chapter D,1,f) 6 000 -
-~ Cross chopper with driving system 3 000 -
- Be-filter near the sample container 3 000 -

29 000 -



into account,

Mechanics of the time of flight
section (shield, He-container,
sledges for the detectors)

Four counter banks, each

5 cm x 50 cm (voltage supply and
amplifiers included)

Monitors (with power supply and
counting device)

Spectrometer without
time of flight analyser $

Time of flight analyser

T otal: $

35.

29 000 -

10 000 -

4 000 -

2 000 -

The costs of sample containers are not taken

as those vary over a large range
depending on the type of measurement one intends
to perform. With this small restriction one

can say that the total costs of the spectrometer
will finally amount to US. § 70 000 -
We believe that one could start the work in
the first year with a budget of US. § 40 000 -
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E - SKETCH OF THE PINAL LAY OUT

We describe the final lay out of the spectrometer by
means of the Fig. 12 and 13 respectively following
the way of the neutrons from the reactor core to the
detectors.

The inner part of the beam hole is nearly empty.

Only a diaphragm of boron-aluminium with a quadratic

gap 20 cm x 20 cm is placed there. The space of the
shutter shaft remains free also, as it will be useful

to cut the beam by the shutter when operating in front
of the beam hole. Next -to the shutter shaft in the
exterior part of the beam hole there is placed a plug
composed of lead (20 cm length) and paraffin (30 cm length)
with a concentric channel of 20 cm x 20 cm. The liquid
nitrogen cooled filter unit with a polycrystalline Be-
block of 30 cm length and 20 cm long Bi-single crystals
(this sequence) joins the inper plug. These filters

do not influence the characteristics of the spectrometer
directly, but they simplify the shielding problem and
improve the background. The rectangular hollow in front
of the cylindric beam tube is filled again by a lead
plug with a concentric channel of 20 cm x 20 cm_cross
section (perhaps conical).

In the‘following part between output of the beam hole
‘and sample container there are differences between the
two arrangements N and D. I'he positions of the crystals
(distance from the wall of the reactor block 2,10 m

and 0,6 m respectively) result from the different geome-
try of the Bfagg—reflection and from the constructional
feature, that the output channels through the shielding
weggon tend to one fixed sample position, As a conse-
quence of the latter point of view, it is necessary

/=
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to change the cross chopper position when varying the
type of crystals used.

But there appear some more differences between the two
distinct arrangements. While the collimators of the
output channels refer both to the same values of angular
divergencies according to the performance data claimed,
the collimation of the primary neutron beam is different.
In the case of double Bragg-reflection with()(1 = 0,087,
the diaphragm in the inner beam tube serves in connection
with' the dimensions of the sandwich crystal itself
(about 20 cm x 20 cm). for the right collimation, whereas
it is necessary to insert a simple Soller collimator

(041 = 0,038) to the hole of the ‘'shielding waggon,

when operating with normal Bragg-reflections.

A few remarks on the shielding waggon itself.

The thickness of the neutron shield in the upper part
is c@osen relatively large, as by this means there

is caused no intensity loss because of the artificial
collimation in the output channels but an improvement
with respect to the background. Moreover it will be
useful to close the whole shielding waggon gas tight
and to fill it with helium gas in order to avoid the
attenuation of neutron intensity by air scattering.

The latter aspect counts even more in the time of flight
analysing division. There we intend to install inside
the shielding housing, which encloses the whole section
of neutron flight channels (shielding material water,
walls 30 cm thick on the average), a light container
for helium gas, which extends to the space between the
liquid nitrogen cooled Be-filter near the sample and

the counter banks. This container as well as the
shielding waggon could permanently be attached to a
helium bottle by a pressure reduction valve, which provi-
des an overpressure of a few centimeters of HZO'

/-



The neutron detectors, which operate in normal atmos-
phere, are mounted on sledges. Those will move within
a range of little more than 90 degrees on a sector

of 5 m/radius around the sample container.

We believe that a more detailed constructional study
would not be well timed but would blow up this report.

38.
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F - COMPARISON WITH~OTHERVFACILITIES AND DISCUSSION
OF THE RESULTS

The comparison with other cold neutron facilities
already working is done on the basis of a paper by

R.M. Brugger and Y.D. Harker (16), which deals with
resolution and intensity compilations of time of flight
neutron spectrometers. But our comparison refers only
to spectrometers with rather good energy resolution
and neutron energies of about 5 meV.

In column 1 of the Table below, we introduce those
distinct facilities. In column 2, the integrated thermal
neutron flux ¢th of the proper reactor and in column 3
the value of the wave length spread (A)/)):L.of each
facility are given. In column 4 and 5, we find the inten-
sity data reported by Brugger and Harker and at the end
the numbers calculated for the facility proposed in this
paper.

The quantity N represents the neutron current through

the sample (dimension min‘1)whereasffcold gives the

mean value of the current density, called neutron flux
(dimension cm~2min~1).. The latter numbers are listed

by reasons of fair play. Regarding the neutron flux

the advantage of our facility seems not to be so striking.
However one can figure out that this quantity (flux)

does not count for the type of measurements we have in
mind as long as the upper limit of the angular divergencies
is not surpassed. And this is valid here.

In the last column we tabulate a figure of merit m,

which gives a classification of the facilities with
respect to the special use for elastic and quasielastic
measurements. We are far away from maintaining that those
facilities, which fare badly in this presentation, are

bad constructions in general.

/-



40.

Type and Location
o [z |82, [U]| % (] %o [om] | ™[]
of the Facility cm= sec A 21 ofll” [min cm? min min
Cold Neutron Chopper 13 6 5
Dido - Reactor, Harwell 5-10 2.7 2.4 10 7-’9 - 10 13- 705
1
Three Phased Rotors 5. ,014 15 30 ,07 4.8 - 10 6 5.3 705
HFBR, Brookhaven
pouble Chopber 2107 2.5 36 105 | 15 -10° | 56- 10
eactor Ispral
Rofating Crystal 2 - 10" 1.0 25-10| 70 -10° || 25-10¢
eactor Ispral
Rotating Crystal . 14 . 5. . 4 . 4
NRU - Reactor, ChalkRiver 2-10 1.0 25 10 20 -10 2510
Facility Proposed
{ Reactor Isprcl )
Arrangement (V) 2108 1.0 27 - 107 54 -10° 2.7 + 107
Arrangement (D) 2. 10" 1.0 21107 42 +10° | 2.1 107

TABLE 1 - Comparison with other Facilities.
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We sfart the calculations on the‘figure of merit m
with the numbers of the beam current N and normalize
those to a value of the thermal neutron flux‘?th
equal to 2.101'3cn2 5-1 (equivalent to the flux of the
reactor Ispra-I) and to a wave length spreadcﬁu/))i
equal to 1 % supposing that a variation of the resolu-
tion is inserted by the square of (A')/)\)lto the intensity
formulsa. 3

= N2040 » (A)/l)
The time resolutlonAﬁdeoeq not enter 1nto this figure
of merit if we assume that this value could be adapted
to the accuracy claimed by varying the length of the
neutron flight path. Moreover there are not taken into
account the different angular divergencies of the chopped
beam (those might be small enough in any case) and
corrections for the different energy spectra of the reac-
tor fluxes.

From the numbers of Table 1, we may conclude the following :
Both arrangements N and D of the facility proposed in this
report are equivalent concerning the beam intensity.

The difference of 20 % lies within the uncertainty of

the calculations. But both arrangements, which are

supposed to be installed at the largest beam hole

of the Reactor Ispra-I, could supply us with neutron
intensities, which might compete with those of the

three phased rotor unit at the high flux reactor in
Brookhaven. Further it -seems to us that there still

exists no facility, which is designed especially for in-
vestigations on elastic and quasielastic neutron scattering,
as in the figure of merit there is a difference of a

factor 50 between our facility and the second placed
equipment, which is again the famous three rotor

instrument in Brookhaven.

The intensity numbers of some 107 neutrons per minute
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discussed above cannot be applied directly to inelastic
scattering work. For instance one cannot use our cross
chopper, which gives the large value of the duty éycle
(0,054), but a normal curved slit chopper. On the other
hand it is not necessary for inelastic experiments

with energy gain of the neutrons (energy loss processes
are negligible as the neutron wave length is fixed

to 4,3 A°) to have such small angular divergencies

as we claim now. But if we take out the Soller collima-
tor from the output channel of the shielding waggon,
this means that we increase the angular divergency in
the plane of the beam axes from 0,01 to.0,05 and the
wave length spread from 0,01 to less than 0,02, we get
the intensity of the non chopped monochromatic bean
enhanced by a factor of 5. These remarks should indicate
only that the facility proposed could perhaps become
interesting also for inelastic scattering work if some
modifications are applied.

Finally we would like to demonstrate by the measuring
time one should expect that it is worthwhile to fight
for those very high neutron intensities. (This all the
more as in our case the total price of the facility
which is estimated to amount to about US. § 70 000 -
seems to be relatively low). We may return to the example
regarded in the introduction of this report : investi-
gations on structure and dynamics of liquids by means
of a shape analysis of the elastic peak in the time of
flight spectrum of the scattered neutrons. Normally,
in order to keep the correction terms samll, one uses
samples, which correspond to a neutron scattering
probability p of about 2 % . Besides this the total
number of counts C in the elastic peak should fit to
the accuracy of the measurement. We consider C = 102
to be suitable. With these data and the value of the
standard count rate ¢ of chapter D,3,D

/-
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(c = count rate at the detector for scattering pro-
bability equal to 1 %, c®~10 min’1) we obtain the
measuring time t as follows :

t=___c_'__~ 105

p.100.¢ ~ — 20  * 5 000 min = 83 h = 3,5
days

We believe that a measuring time of a few days is the
upper limit one could accépt for high precision
measurements with very delicate samples. In other

words it seems to us that many cold neutron experimentsa,
which could spend new knowledge on the features of
liquids and solids, will become realizable with

neutron intensities, which could just be attained

by this new facility proposed.
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DESIGN STUDY OF A CROSS CHOPPER

by H. Geist.
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From the foregoing report result for the design of
a cross chopper the following : '

Neutron Physical Demands :

1) Apparatus with 4 chopping areas ;

2) Dimensions of each of these areas at least equal
to the neutron beam section ; in our case at least
10 x 5 cm? H

3) Every area consists of a package of beryllium sheets,
separated from each other by a thin Cd-layer. The
width of the Be-sheets is 1,3 cm . They may be
straight or slightly curved in direction of their
width ;

4) When the chopper is in the position "open", no
other material than aluminium may be before or
behind the chopping areas. The total thickness
of aluminium in the beam should be as low as
possible ; |

5) The operation speed of the apparatus is 15 000 r.p.m.

Design Principles Adopted for the Apparatus

1) Since a test run at 1.3 times operational speed is
necessary, 20 000 r.p.m. are fixed as design speed ;

2) At design speed, a safety factor of 2 is fixed. As
safety factor, the quotient of yield strength over
overall stresses (not local stress concentrations)

is defined ;

3) Stresses on the beryllium sheets must be avoided ;

-/ -
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4) The apparatus runs.in air. In order to have a power
consumption as low as possible, all surfaces must
be smooth ;

5) The apparatus must be so rigid that the first
critical speed of the shaft is above design speed ;

6) As motor, a high frequency motor directly mounted
on the shaft is used ;

7) As bearings, o0il mist lubricated ball-bearings for
grinding spindles are chosen ;

8) It must be possible to balance dynamically with
great precision the rotating part (wholly mounted)
of the apparatus. |

Description of the Apparatus :

On the above principles, the design study shown in
Fig. 1 and Fig. 2 of the Appendix is based.

The beryllium sheets of a chopping area are fixed by
wedges in a box girder. According to the shape of the
faces of the wedge'and the upper filler towards the
sheet package, curved or straight sheets may be
inserted.

The box girders are made of aluminium. Their sides
have a relatively small thickness. Their ends are
clamped to the shaft by a four-armed, star shaped
piece. They can be considered as beams with uniformly
distributed load, freely supported at their ends. The
beryllium sheets are only subject to compressive for-
ces. On the sides of the upper beams of the girders,
0,5 mm thick Cd-foils are glued in order to absorb
those neutrons that otherwise would pass above the

/-
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The arms of the star shaped pieces are subject to
tension stresses due to the applied load, the centri-
fugal force, and bending. They are machined in such

a way that the maximum tension stresses in every

section parallel to the shaft are in first approximation
uniform.

The dimensions of the shaft are thus that its first
critical velocity is above design speed. On the side
towards the motor, it is supported by a group of two
ball-bearings which take besides of the radial forces,
all axial forces to which it is subject. A third ball
bearing is located at its other end. It is pre-stressed
in axial direction by a helical spring to eliminate

the radial play.

The temperatures of the outer races of all bearings
are measured by thermocouples and monitored if they
exceed a pre-set value.

The bearings are housed in ‘parted supports. Thus,
dynamic balancing on an adeéuate machine with the
bearings mounted on the shaft is possible. The

parted supports also fadlitate mounting and dismount-
ing.

Behind the pre-stressed bearing, a pick-up device

is placed. It gives the trigger pulses for the time-
of-flight installation and consists of a commercially
available, stationary magnetic pick-up and of a rotating
disc of unmagnetic material that has at one point of

its circumference a pin of soft iron.

Smooth surfaces of the rotating parts are obtained by
putting an aluminium tube around the two star shaped
pieces. The end surfaces of the cylinder are closed
by two Al-discs screwed to the different arms.
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Some Design Data

1)

2)

Box Girder

Material

Yield Strength
Weight with all inserts
Centrifugal force with
all inserts at design
speed
Maximal Deflection under this
uniformly distributed load
Unbalance caused by a
displacement of the centre
of gravity of 10.10-3 cm
Maximal bending tension
stress
Maximal bending compressive
stress ‘
Maximal shear stress
Centrifugal force of a
Cd-foil glued to the
upper beanm
Shear stress on the glued
connection .
Shear strength of an araldite-
type glue

Four Armed, Star Shaped Piece

Material

50.

high strength Al-
alloy

ca. 32 kg/mm?
0,5 kg

13 000 kg

5.10-3 cm

25 kg

900 kg

1 200 kg/cm?
910 kg/cm2
550 kg

20 kg/cm@

250 kg/cm2

¢t high strength

steel, heat

treated, type
maraging— or
Cr Ni Mo - steel
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3)

4)

5)

Yield strength :
Centrifugal force of one arm :
Maximum tension stress in

every section parallel to

the axis due to centrifugal

forces, applied load and

bending moment

Shaft

Material

Stresses

Critical velocity

Bearings

Type s

[T

Lubrication
Maximum allowable turning
rate :

Motor

High frequency synchronous motor

Power ' :

Maximum allowable speed

51.

ca. 100 kg/mm?
ca. 17 000 kg

5 000 kg/cm?

Steel, surface
hardened, all
seats and threads
grinded

Negligible

Above design speed

High precision
grinding spindle
ball-bearings
with plastic cage

0il mist '

25 000 r.p.m.

at 15 000 r.p.m.
2,5 kW

at 20 000 r.p.m.
ca. 3,5 kW

: 40 000 r.p.m.

-/~



6)

7)

Cover - Tube

Material

Yield strength
Circumferential stress

Other Data of Interest

. Circumferential velocity

Weight of the rotating parts

Kinetic energy

High strength

Al-alloy

ca. 32 kg/mm

1 600 kg/cm?

15 kg

52.

at 15 000 r.p.m.
190 m/sec
at 20 000 r.p.m.
250 m/sec
at 15 000 r.p.m.

ca. 5 600 mkg

at 20 000 r.p.m.
ca. 10 000 mkg

Power consumption due to friction

in air at 15 000 r.p.m.
- .at 20 000 r.p.m.

in helium, at 15 000 r.p.m.
- at 20 000 r.p.m.

Maximum power to_overcome inertia

ca.
ca.

C&.
ca.

1,4 kW
3,2 kW

0,3 kW

0,7 kW

of the rotating part during acceleration

from O to 20 000 r.p.m. within

10 minutes:

0,3 kW



Conclusion

The foregoiﬁg demonstrates that a cross chopper
fulfilling the mentioned demands of physicist
can be built with rather common materials

and techniques and without excessive expense.

It shows also that such a device can be operated

safely having the usual engineering safety factor.

It must be born in mind that this design study
doas not pretend to give already the final
solution of the problem, but that it shall only
show the feasibility of such a device.

Before a design is arrived at, some details will
"have to be changed and others must be optimized.
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