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ABSTRACT i

We examine the relationships between intensity and resolution in pulsed-
source chopper spectrometers, including the effects of Soller collimation,
narrower rotor slits and higher rotor speeds. The basis is a simplified
description of a spectrometer, approximately optimizing the rotor pulse and
lighthouse effects. The analysis includes a new treatment of the angular
distribution transmitted through a system consisting of a coarse collimator
and a Soller collimator. The results encourage the prospect for a reasonably
easily accomplished, higher resolution, optional configuration of the pulsed
source chopper spectrometers at IPNS.

I. INTRODUCTION

All three chopper spectrometersll] at IPNS[2) include Soller collimation
between the incident beam monitor detector, which is immediately downstream from
the chopper, and the sample. This is primarily a shielding device which has
little impact on the resolution or intensity of the instrument.

Here we consider the Soller collimator as a devicé to narrow the angular
distribution of the beam striking the sample, and thus to reduce that
contribution (sometimes called the "lighthouse" or the "sweep time" effect) to
the chopped-beam pulse width and to the resolution of the instrument. A similar
effect can be obtained by narrowing the width of the slits in the chopper, though
in this case the limit of what can be done approaches the pulse width due to the
lighthouse effect. This can also be accomplished by increasing the rotor angular
speed as has been done at the HET and MARI spectrometers[3] at ISIS, but this
would require major modifications to the rotor systems of the IPNS instruments.
The object of this work is to examine the effects on the intensity and the
resolution caused by adjusting the Soller collimation and the chopper slit width,
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optimizing the combined effects under the constraints of fixed rotor speed, rotor
aperture, and moderator size.

In the process we find it necessary to calculate the angular distribution of
neutrons transmitted by two overlaid collimating systems, one coarse (defined by
the widths and separation of the moderator, the rotor aperture and the sample)
and one fine (defined by the Soller collimator). The present work complements
that of Loong, Ikeda and Carpenter[4] in this respect. ' ' i

II. Intensity and Resolution

Figure 1 schematically represents the components of ‘the spectrometer.
Throughout, it is assumed that the collimator is wider than the penumbra of the
beam formed by the source and the chopper. The time-averaged number of neutrons
passing through the system per unit time is

I(E) = (2E,/t;)i(E)CAQfpf Aty
= 2i4,;CAQERf V1 AtR/ Ly, (1)
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Figure 1: A schematic diagram of the time-of-flight chopper spectrometer on a
pulsed neutron source. The pulsed source is the moderator of width Wy- The
chopper of radius R is located a distance L; downstream and is rotating at an
angular speed w; it has an aperture of width Wy which includes numerous neutron-
opaque slats of width tp, spaced dp apart. Located a further distance L'
downstream is a Soller collimator of length L, with numerous neutron-opaque slats
of width t., spaced dn apart. The sample is located a distance L, from the
rotor, and the detector is a distance Lz from the sample.

where i(E) is the time-averaged beam current per unit enerqgy, that is, the number
of neutrons per unit time, per unit energy, per unit solid angle, emitted from
the entire moderator surface. 2E;/t; is the Jacobian |dE/dt]. igy; = Ei(E) is
approximately constant with respect to E in the epithermal region. CAQ is the
solid angle accepted from an average point on the moderator surface, C is a
factor which represents the fraction of the source area viewed, fr and f- are the
fractions of the areas of the rotor aperture and the collimator that are open,
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and Atp.is the rotor pulse width for a perfectly collimated beam. The subscript

1 rafaers +to the haam from the modera
ke N e N A W - W L% 2 A= Bl s WAALS du de WAL e BA N AN WA de A

If there is no Soller collimator, the accepted solid angle is given by

CAQ = HgWg/L,2, e @

distance between the source and the hopper centerl ne. The more general
situation represented by Figure 1 is rather complicated. The main burden of this
work is to analyze this case.

Consider a Soller collimator whose angular dlvergenceAac is glven by
dc/Lc, L ‘ N )
where do is the width of the collimator slits of length Lo. Let the collimator

divergence be very small, viz., ac << Wy/L; and ap << Wp/Ly, where Wy is the
width of the source: (moderator). The accepted solid angle is now

AQ = Hpao/Ly, o (4)

and the viewing factor is .-

c = { WR/WM if WR s WM
1 1f Wg Z Wy - (5)

{See equatlon (A17) in the Appendlx )

The duration of the rotor pulse (the full width at half-maximum in a
perfectly collimated beam) for neutrons of optimum speed is

Atg = dg/(2Rw), - e

where dg is the rotor slit width, R is the radius of the slit package, and w is
the rotor angular speed. The fractions are

where tg and t, are the thicknesses of the slats.

The energy transfer resolution (neglecting the effects of sample size,
detector thickness, and time channel width) is[

(.'re2 = (mz/le){[Vl + (Lz/L3)V23]2 2 4 s
[vy3 + (L + L) /L) vy3i20021, (9)

where m is the neutron mass, vy and v, are the incident and scattered neutron
speeds, and oez, ”t2' and ac2 are respectively the variances of the energy
transfer, moderator emission time and chopper pulse time distributions. L, and
Ly are the distances from the chopper to the sample, and from the sample to the
detector, respectively.
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In the epithermal regime, the standard deviation of the moderator emission
time t is given by
r1
1~

where a is the constant in the moderator emission time distributiont~!,

$(v,t) « tZe7aVE (11)
The chopper pulse variance is

o] e 2
ac‘ = UR" + ULL, (12)

where op is the standard deviation of the (triangular) rotor pulse for neutrons
of optimum speed in a perfectly collimated beam,

og? = (Atg)2/6. (13)
o7, is the contribution to the chopper pulse width due to the lighthouse effect,
oy, = 0,/0, (14)

where ¢, is the standard deviation of the angular distribution of the neutrons
transmitted through the system.

It is shown in the Appendix that if there is no Soller collimator, the
angular acceptance is

Ao = Yo + ¥ (15)

and the variance of the distribution is

0,2 = W2 + 4,2 /6, (16)
where ]

Vo = (Wy + Wg)/(2L4) | ’ (17)
and V

vy = |Wy - WR|/(2Lq). (18)

On the other hand, if the Soller collimator completely determines the angular
distribution, then

Aa = ac = dc/Lc (19)
and
- 2, L
o = (Aa)“/6 = ax®/6, . (20)
where ds and L are the width and length of the collimator slits.

The expressions for A« and ¢, for a partially illuminated collimator are
more complicated, and are set out below and in the Appendix. The full width at
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half maximum (FWHM) is used as the estimate of resolution. The relationship
between the FWHM and the standard deviation of the distribution of any quantity q
is given by Aq = V(81n2)e, = 2.350, applies if g has a Gaussian distribution; we
use this relationship even though it is only approximately true.

IXI. APPROXIMATE OPTIMIZATION

The transmitted ihtensity is proportional to the product of the angular
acceptance and the rotor pulse width,

I « AaAtg, i (21)

and the energy transfer resolution depends on the time and angular variances (see
equations (9), (12) and (14))

0,2 = A + Blog? + 0,2/u?). o (22)

(We need not be explicit about the factors A and B here.) An approximate
optimization results if we assume that the variances are related in identical
proportion to the the full widths at half maximum, for example, as they are for
triangular distributions (see equations (13) and (20), though neither of these is
generally true). Then the greatest intensity for some given energy transfer
resolution is attained when Aty = Ao/w, or

op = 0,/w. (23)

The calculations performed as an initial approximation and for survey
purposes assume this relationship. To the extent that it is incorrect, the
calculated intensity is smaller than could actually be obtained for the same
resolution, therefore a second pass optimization has to be performed, using the
more accurate relationships. If the Soller collimation completely determines the
angular distribution, and the neutrons are of optimum speed for the rotor, the
expressions (13) and (20) are exact, and the optimization equation (23) is also
exact. .

IV. THE ANGULAR DISTRIBUTION OF ACCEPTED NEUTRONS

The angular distribution of neutrons transmitted through a partially
illuminated Soller collimator depends in a complicated way upon the parameters of
the system. However, ignoring the fine structure of the spatial and angular
distribution, the angular distribution P(y) can be expressed as

P(¥) = PR(NFs(V), " ' (27)

where Pp(¥) describes the angular distribution that would be transmitted through
the rotor aperture from the moderator surface, and Fb(¢) describes the angular
distribution that would be transmitted through a fully illuminated collimator
slit which is assumed to be much smaller than the rotor aperture. Figure 2
illustrates the distributions P(y), Pr(¥), and Po(¥); these may be deduced from
Figure A3 in the Appendix which shows the phase space diagram at the collimator
center.
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Figure 2: The angular distribution Pp(y) of neutrons transmitted through the
rotor aperture from the moderator surface, and the angular distribution Pa(y) of
neutrons that would be transmitted through a fully illuminated colllmator slit.
Their product P(y) gives the angular distribution of neutrons transmitted through
a partially illuminated collimator. The results shown are for the case v1 <ap <
Yo, and may be deduced from Figure A3 in the Appendix.

In the Appendix we develop an expression for the number of neutrons passing
through the system per unit time (equation (1)) in terms of the distributions
given by the approximation (27), and introduce the viewing factor C (equations
(5) and (Al17)). The results give

1, 0 < Iyl < ¥q
Pr(¥) { (Wg = WD/ Wy = ¥1), V1 < Wl <y
0, Il > g, (28)
and . ' »
o (1- |¢|/ac," 0 < Wl <ag
rew - { g, _ 11> ac. @9

There are several cases for P(y), depending upon the relativé values of ap,
Vo, and Yq. Figure 2 is for the case ¥y < ac < Y. The angular acceptance and
the variance of the distribution are given by

Ac

[-2ewav ' R - ©(30)

and &

Q
I

(1/8a) [ 2 PR (1ay. L “(31)
For oap < wl, we have | | | | |
Aa = a¢ 7 | | (32)
ahd | | - |

0,2 = ac?/6. - ' . A - (33)
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ForAthie conditiobn, ‘the expression (20) is exact, and the optimization egquation
(23) 'is also exact for néutrons of optimum-speed for.the rotor. - : :

*For ¢1 < ac < ¢0, S
e =20k (1 - wl/(2a0)> + (1/(¢0 - wl))[<ac = Y1) ¥
- g i-,¢12>(1 + wo/ac)/z ¥ <“c - w13)/<3ac>1},-lr_l S e
and | - oo .
0,2 = (2/8a) (¥13(1/3 = ¥1/(4ag)) + (1/ (g = ¥1)) [(ag> = ¥13)9y/3

- tag? = 01 (L + Yplag) /4 + tac® - 9131/ (Sa) 1) (33)

For e > wo ,i .
Aa = 2{yq (1 -fwl/(Zéc) + fi/(¢o - V1)) [y - Y)Yy
- (9o - ¥12) (1 + wo/ac)/é + o3 - 1,3/ (Beg) 11, - | (36)
and o :
0o = (2/Be) (917 (1/3 = 91/ (dag)) + /(g = ¥)) L3 = ¥13)0/3
- Wt -ha e Wo/ac)/4 + <¢o -5/ (Ba) 1. (37)
No s;mple analytlc expre381ons relating the angular acceptance Aa and the
variance o, 2 of the angular distribution can be obtained for these last two

conditions.

In the limit of very large ac, eqaaticns (36) and (37) become the simple
results already known for the case with no Soller collimator,

Bamdg v )
and - | ‘ ) -

0 = WekH A6 T L a8

V. Calculations

~ We have performed several calculations all of whiech ecorrespond to the flight
path lengths of the HRMECS instrument[11 -at -IPNS. _The thickness of the
collimator blades is neglected so that fc = 1. . Table I shows the cases
calculated S

i 'Cases 1 and 2 correspond to current- IPNS rotor ;echnology[llr,caae 3
represents HRMECS with a chopper similar to that[sl,currently proposed. for the
Los Alamos Neutron Scattering Center (LANSCE) chopper spectrometer; case 4 is for
HRMECS with a chopper similar to that of the HET spectrometer at ISIS. All cases
were computed with the approximate optimization condition (23) for small rotor
slit spacings, for which a Soller collimator is appropriate for optimum
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intensity. For larger rotor slit spacings, highest intensity demands no Soller
collimator, and the calculations do not include the effect of Soller collimation.

Figure 3 illustrates the results of these calculations for case 1, that of
the HRMECS instrument with a standard 3" x 4" rotor of radius 77 mm at a
frequency of 270 Hz and an incident energy E; of 500 meV. Shown in this Figure
are the time-averaged neutron intensity I(E;) transmitted per unit time, the
optimized collimation an, the chopper pulse FWHM At (including the lighthouse
effect, and given by equation (12)), the FWHM energy transfer resolution for
elastic scattering Ae,;, and the FWHM

HRMECS WITH STD 3" X 4'' ROTOR, E1= 500 meV
FREQUENCY = 270. Hz
ROTOR RADUS = 635 mm, SLAT THCKNESS = 0533 mm
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Figure 3: The results of the optimized intensity calculations as a function of
rotor slit width dp for the HRMECS instrument with a 3" x 4" rotor of radius 77
mm at a frequency of 270 Hz and an incident energy E; of 500 meV. Plotted are
the time-averaged neutron intensity I(El) transmitted per unit time, the
collimation «p the chopper pulse FWHM At,, the FWHM energy transfer resolution
for elastic scattering Ae,;, and the FWHM energy transfer resolution for loss of
one-half the incident energy A‘(b&El)'

energy transfer resolution for loss of one-half the incident energy A’(llzsl)'
all plotted as functions of the rotor slit width dz. Also shown on Figure 3 are
plotted points which correspond to calculations for the currently-used Soller
collimator of HRMECS, namely «- = 11.6 mrad, and for the rotor slit widths of the
normal and high-resolution rotors without the optimization condition. As the
rotor slit width approaches zero, the chopper pulse width approaches its limit
At; defined by the lighthouse effect, the energy transfer resolutions approach
their minimum values, but also the transmitted intensity approaches zero. For
larger slit widths, all these values increase.
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TABLE I

The specifications for different rotor types used in the calculations.

Wy is the moderator width, E; the incident energy, v the rotor frequency, R the
rotor radius, Wy and Hg the width and height of the chopper aperture, dg the
rotor slit width, and tp the rotor slat thickness.

Rotor - ! ‘ ‘
Case Type Wy, mm Ey, meV v, Hz R, mm Wp, mm Hp, mm dp, mm tp,mm

1 IPNS 100. 500. 270. 63.5 76.2 101.6 1.02 0.533
2 IPNS 100. 500. 270. 77.0 50.8 101.6 1.57 0.533
3 LANSCE 100. 500. 600. 50.0 43.2 66.0 0.80 0.660
4 ISIS 100. 500. 600. 50.0 47.0 47.0 0.76 0.380

The other three cases of Table I give results which are similar in form to
those shown in Figure 3, though the range over which the Soller collimation is
required for the other cases depends on the rotor slit width dr. The relative
intensities for each case should be compared at fixed resolution. Figure 4
represents the same data for case 1 as a function of the elastic energy transfer
resolution to facilitate such a comparison. This is possible because the
resolution and the rotor slit width are related monotonically. From such figures
for each case we have generated Table II which shows the relative intensities at
different energy transfer resolutions. '

HRMECS WITH STD 3'%4"* ROTOR, E1 = 500 meV
, FREQUENCY = 270. Hz
ROTOR RADIUS = 635 mm, SLAT THCKNESS = 0533 mm

By
.9_51
lg- A
-~
g 23
< 3
i .
’o -4
2 7 . LEGEND
&9 Intensity, (E4) , 10%n/sec
< = e COllimator Divergence, ay , milliradians
o 4 S Chopper Puise Width, At , usec
L """ Rotor Siit Width, d, , mm
<'gq Inelastic Resolution, A€y, , meV
Lu -
T
91|0° T ¥ L L] LULEL) ll T L) 1 T ¥ T IDz

Elastic Enerav Transfer Resolution, AE,;, meV

Figure 4: The results of the optimized intensity calculations as a function of
the elastic energy transfer resolution Aey; for the HRMECS instrument with a 3" x
4" rotor of radius 77 mm at a frequency of 270 Bz and an incident energy of 500
meV (similar to Figure 3).
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TABLE II

The relative intensities at 500 meV (in units of 104,¢m'2 sec™l) for the four
different rotor types given in Table I for elastic energy transfer resolutions of
10, 12.5, 15 and 20 meV. -

Case ;;;;r Ae,) = 10 meV Ae, 7 = 12.5 meV Ae 3 = 15 meV Ae,y_ = 20mev
1 IPNS  1.25 21 3. 8.3
2 IPNS 0.84 1.7 | 2.7 ' 6.0
3 LANSCE 1.3 2.0 ‘ 2.8 ' 4.2
4 ISIS 1.3 ' 1.8 2.2 3.4

Recognizing that the condition (23) is only approximate, we have searched
for higher intensity conditions with fixed resolution. For example, Figure 5
shows the results for the 270 Hz rotor with a 3"x 4" aperture (case 1) for
elastic resolution of 10. meV (2 % of the incident energy for 500. meV incident
energy), which is comparable to HET. The approximaté optimization gives about
the same intensity as the refined optimization, since the intensity varies rather
slowly around the optimum. Various choices of ac and dthhat give the same
resolution also give almost the same intensity. The intensity and the
approximately optimized and refined parameters for this energy transfer
resolution are given in Table III. The results for energy transfer resolutions
of 12.5 and 15. meV for elastic scattering for the same rotor are given in Table
III. The Figures from which these results are derived are similar in shape as
those shown in Figure 5. For confparison, Table III also gives the intensity and
the parameters for the present HRMECS arrangement, for which the elastic
resolution is calculated to be about 20. meV. (The calculated results for the
present arrangement are close to observed values.) The Table also gives
parameters for HRMECS with a 600 Hz rotor similar to that for the ISIS HET
spectrometer, and with no Soller collimator. All these results include the
effect of the partial open area of rotor slit package, fp = dg/(dg + tg).

The intensity loss for 12.5 meV resolution compared to present rotor design
is only about a factor of 3.5, which is now nearlf compensated by the increased
intensity available from the IPNS booster t:arget:[6 . The parameters appear to be
feasible. The reason that the intensity loss is not greater is that the source
pulse width, the rotor, and lighthouse contributions to the resolution are not
perfectly optimized in the present HRMECS, The resolution improvement
accomplishable by the present method is relatively easy compared to the
alternative of replacing existing choppers with magnetic-bearing choppers. It
requires only a new rotor and slit package of the same type now in use, and a new
Soller collimator. The new arrangement could easily be introduced as an option
among other instrument configurations. '

Comparing the results of Figure 4 (for HRMECS with a standard, 270 Hz rotor
and optimized Soller collimator) with those for HRMECS with an ISIS-style, 600 Hz
rotor, we see that for the same resolution, the standard rotor provides the same
‘'or better intensity for given resolution. This is because the aperture of the
standard rotor is larger than that of the ISIS rotor. This conclusion must be
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TIABLE. IIT

The calculated transmitted intemsity I(Ej)_ at an incident energy E; of 500 meV
and the rotor and collimator parameters (chopper pulse width Ats, rotor pulse
width Atp, rotor slit width dp and Soller collimation ac) for both the
approximately optimized and the refined cases for the HRMECS rotor design (270
Hz), optimized for different energy transfer resolutions Ae,; and A‘H%El with
the HRMECS flight path arrangement: Also shown are the present arrangement for
HRMECS, and that for the 600 Hz HET rotor with the HRMECS spectrometer design.

ACel A!1/2E1 I (El) ’ Atc AtR ' dR C!c
meV meV n/sec ‘usec ysec mm mrad

Approx. : ’ : .
opt. (1) 10.0 5.63 1.24 2.70 1.99 .0.428 3.63

Refined B
opt. (1) 10.0 5.63 ‘1.29 - -2.70- 2.19 - 0.473 3.15

Approx.
opt. ; - -12,5. " 6.76-. 2,31 -3:;47 - 2.56_. 0.55%L. 4.93 . -
,faefinea"~,,_ L e
opt. + : . 12,5, -6.76-- 2.38: -3.47 . 2.82.- 0.606. .4.25- -
Approx.
opt.- 15.0, = 7.92 3.70 . 4.23..  3.12 0.671 6,57 .
CRefined . . L.
opt. 15.0 7.92 3.80 4.23 3.44 0.740 5.45

HERMECS # - 20.1 10.4  8.22  5.76  4.73  1.02 - 11.6-

-With HET : . . . L IR

chopper*, 9.3 - 5.34 1.27 2.49 .. -2.02 0,760 - mm=m -
(1) corresponding to Figure 5

# present arrangement
* with no Soller collimator
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HRMECS WITH 3'%4" ROTOR
FREQUENCY = 270 Hz, E1 = 500 meV
ELASTIC RESOLUTION = 10.0 meV

 //’—‘\\\\

Approdmole
oplimum

LEGEND
—Inlensily, HE)x10"4, n/soc
«=Rotor Sfit Width, dg . mm

PR S T ST ST

T 3

- 1
v‘ -
o w1
v; a 1 \\
= T
UJ .

Truo optimum

d

EALEAALE B e o

- -
15 20 25 30 35 40 45 50
ac.rnmhamans

Figure 5: The results of the more refined optimization for an elastic energy
transfer resolution A‘el of 10.0 meV for the HRMECS 3" x 4" rotor of radius 77 mm
at a frequency of 270 Hz with an incident energy E; of 500 meV (similar to Figure
3), showing the intensity I(E;) transmitted and the rotor slit width dp as a
function of the collimation ag.

tempered, however, by the realization that sample size contributions to the
resolution are not accounted for in these comparisons; these are smaller in the
case of the ISIS rotor, but can be focussed out for special conditions.

Finally, we repeat that all calculations assume that the collimator open
fraction fo = 1, that is, we have ignored the thickness of the collimator blades
(thus we have avoided being specific about the length of the collimator and the
width of the slits). 1In practice, we caution that this factor must be included
in final design calculations; it can readily be introduced at the stage
represented by Figure 5, as a factor on the intensity given there.

VII. Conclusions

We have further developed the relationships between the resolution and
intensity for time-of-flight chopper spectrometers, including the effect of
Soller collimation. The angular distribution is determined coarsely by the size
of the moderator and the rotor aperture, together with the distance separating
them, and is resolved finely by the Soller collimation. The placing of
additional collimation between the chopper and the sample reduces the angular
distribution of the beam striking the sample, and hence reduces the lighthouse
contribution to the instrumental resolution. We have considered the effects of
adjusting this collimation and the chopper slit width, assuming a fixed rotor
speed, rotor aperture and moderator size, and have optimized the rotor pulse and
the lighthouse effect for the best intensity. The transmitted intensity is



proportional to the product of the angular acceptance and the rotor pulse width.
The energy transfer resolution depends on the root of the sums of squares of the
rotor pulse width and the lighthouse effect (the angular acceptance of the system
divided by the rotor angular speed). The greatest intensity for some given
energy transfer resolution occurs when these two quantities are equal.

We have derived new expressions for the angular distribution of a beam
formed by a coarse collimator system overlaid by a fine Soller collimator,
assuming that the collimator slit width is much less than the widths of the
moderator and the rotor aperture. Slightly different expressions are obtained
depending on the relative sizes of the moderator and the rotor aperture. This
distinction determines whether the collimator lies in the umbra of the beam (the
source is fully observable through the rotor aperture), or whether the center of
the beam in penumbra (the source is partially obscured by the rotor aperture).
We have considered the optimized conditions for no collimation present, for
Soller collimation placed between the rotor and the sample, and when the
collimation is only partially illuminated. We show that small rotor slit
spacings require appropriate Soller collimation for optimum intensity, whereas
for large rotor slit spacings the highest intensity reéquires no Soller
collimation.

VIIXI. APPENDIX

The angular and spatial distribution of neutrons transmitted through a
collimating system in two dimensions can be usefully described in terms of
diagrams in the phase space consisting of the positions and directions of
trajectories at their crossing of a reference screen, which will be placed at the
collimator center. Figure Al illustrates the definitions of relevant
quantities. A neutron which leaves from the point (z/,¢y’) in the source phase
space, at a position z’ in the source plane and in direction ¥’ relative to the
reference axis, crosses a reference screen at a distance L along and normal to
the reference axis of the beam at a point (z,y¥) in its phase space given by

z =1z + LY

v o=y (a1)

REFERENCE SCREEN

SOURCE : :
e e
Z Tz  REFERENCE
AXIS OF
L BEAM

Figure Al: A neutron leaves the source from a point (z’,y’) in the source phase
space, where z’ is the distance from the reference axis of the beam, and ¢’ is
the direction relative to that axis. The neutron traces a path which crosses a
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reference screen placéd a distance L along and normal to the reference axis at a
point (z,y) in the reference plane phase space, such that z =z’ + Ly’ and ¢ =

¢’f ' ' '

In the case under consideration, we need to describe the combined effect of
a finite, isotropic source’ {(the moderator), '‘a finite aperture (the chopper), and
a Soller collimator. Figure A2 shows the horizontal plane of the geometry of the
collimation system considered in this paper. The reference screen is taken as
the collimator centerline, and Figure A3 shows the corresponding phase space
acceptance diagram. Everything is represented arnd calculated in the sense of
small -angle approximations, and for the purpose of this Appendix in two
dimensiens. ) : IR ' oo :

The areas inside the parallelograms are regions of the phase space that are
illuminated by the socurce and accepted through the system. The large shaded
parallelogram where Pp(z,¥) = 1 represents the region illuminated by the finite
source that is accepted through the rotor aperture, and the small parallelograms
where P,(z,¥) = 1 represent the region that is accepted through the Soller
collimator. Altogether, the region illuminated and accepted by the system
depicted in Figure A2 is the region common to both the large and the small
parallelograms.

~ ROTOR

IR APERTUR\E\» N e
§  SOURCE Yt © r‘ SCREEN
W,  ¢_ R _j_— :{{
T W\

et A L
1 COLLIMATOR

[IHIH
I

Figure A2: A Schematic diagram of the horizontal plane of the geometry of the
collimation system. The moderator has:a width Wy. The-chopper has an aperture
width Wg and its centerline is located L; downstream. The Soller collimator of
length L, has slits of yidth,dcwand slats of width tg, and its centerline is
located a further distance L’ beyond the- chopper. . The reference screen for
Figure A3 is taken as the collimator centerline. -

The lines z = (L + L)Y + Wy/2 represent the boundaries of the region in
phase space illuminated by the moderator. The lines z = L'y + Wgp/2 represent the
boundaries of the region transmitted by the rotor aperture. These lines cross at
+ WR/2 = 14¥ + Wy/2. That is,

Yo =+ (Wy + Wg)/(2Ly) - o A
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and

The lines z = % Lay/2 + de/2 + n(dq:+ tco) represent the boundaries of the region
in phase space transmitted by the collimator slit. For each collimator slit,
these lines cross at ¢y ='0 and at ¢ = + ac = t do/Le (equation (3)). “An
1ntegratlon over z for the regioris depicted in Figure A3 will glve the
distributions Pg(y), Pp(y) and P(y) defined by equations (27). -

zl/
W, /2

‘REGION TRANSMITTED
THROUGH COLLIMATOR

Pz, ¥)=1

REGION ILLUMINATED
BY THE SOURCE
/ . AND PASSING -
THROUGH THE
CHOPPER APERATURE
R (2.

I
t
i
I
]
1
I
[]
]
f

Figure A3: The phase space acceptance diagram at the collimator centerline for
the geometry depicted in Figure A2. The large shaded parallelogram where Pp(z,V)
= 1 represents the region illuminated by ‘the moderator of width Wy, and
transmitted by the rotor aperture of width Wg placed at a distance Lj; downstream
from the moderator and a distance L’ before the collimator. The small
parallelograms where Pn(z,)) = 1 represent the regions transmitted through each
collimator slit of width d, and length L. Those regions common to both
correspond to rays transmitted through the system.
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If the angular current density on the source plane is ¢s(z',W'), then the
number of neutrons passing through the system per unit time is

I = [ g5z ,¥") Pglz,¥) Bolz,¥) 8(z - 2 = (L + L) B(Y - ¥/)
o dzdydz’dy’, (a2)

where the delta functions represent the transformation (equation (Al) from the
phase space at the source to that at the reference screen. Performing the
integrals gives

I={ 650z = (Ly + L)Y, ¥) PRiz,¥) Pclz,¥) dzdy. (a3)

Assuming that the source angular current density is uniform and isotropic
(constant) within the region (z/ = z - (L; + L’)y, ¢¥) for which Pp # 0 and Pp #
0,

I=2¢s Iall z, Y Prl(z,¥) Po(z,¥) dzdy. _ (A4)
If Wy is the width of the source, we can write
¥y = tsr A (A5)

where is is the two dimensional version of the usual three dimensional beam
current function. Then

I = (ig/Wy) [a11 2,y PR{Z, V) Bz, ¥)dzdy. (26)
There is essentially no approximation so far.

When the collimator slit width de << Min[wM,WR] (the usual case), Pc(z,w)
varies on a small scale with respect to z, in comparison to Prp{(z,¢¥). We define
the collimator slit angular distribution

j_ggfg Pelz,¥) dz/dg | (a7)
which is the integral for a single slit of width d. and normalized so that P (¥ =
0) = 1. Provided that the collimator exit is wider than the penumbra of the beam
formed by the source and the rotor aperture,

W + (W + Wy) (L' + Lo/2)/L;. Hence we may replace Po{z,¥) in (A4) with its
average value f~P-(y). Then

P-c (¢) =

I = ¢gtcf Palz,¥) Po(¥) dzay, (A8)
where fC is the fraction of the area of the collimator which is open,

fC = dc/ (dc + tc), . ' (Ag)
and tg is the thickness of the collimator slats.

We now introduce the rotor aperture angular distribution

Pr¥) = [a11 2z Priz,¥) dz/H, I < (al0)
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which is normalized to a width W which is yet to be chosen. Then

I = ¢5EcH [a11 ¢ Pr(¥) Po(¥) v ’ < (a1
so that finally,

T = igfoW/Wy) [a11 ¢ PrEV) T Q. o ~ B 0 (a12)

We now choose W so that Fk(W) has the convenient-p;operty

PR (W) pax = 1- - . ‘ (a13)
Two cases can be distinguished, Wp S Wy and Wp 2 Wy, depending on the relative
widths of the rotor aperture and the moderator. With reference to Figure A3, we
note that the maximum occurs for ¢ = 0. Then when W S Wy

PR = 0) = [ Pp(z,¥ = 0)dz/W = Wp/W, , (A14)

and when Wg 2 Wy

Pr¥ = 0) = | Pp(z, ¥ = 0)dz/W = Wy/w. ‘ (A15)

Therefore to'provide in Pgp(y) the property (al2),

w.—.z{WR:f'wast
Wy if Wp 2 Wy (A16)

Hence, from equation (Al12), the viewing factor C in equation (1) of the text.is

C___{WR/WM if Wy < Wy : ' ‘

1 if W 2 Wy. (B17)
The distinction between the two cases corresponds to whether or not the taking of
the absolute value in (18) of the text represents a change in sign of Wy - Wgy.
Otherwise stated, the distinction corresponds to whether a point at the center of
the beam lies in the penumbra of the beam (the source is partially obscured by
the rotor aperture), or whether the center is in the true umbra of the beam (the
source is fully observable through the rotor aperture).
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