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Abstract

I propose to build a cold neutron spectrometer with a doubly focusing monochromator viewing the liquid hydrogen
moderator at the NBSR reactor at NIST. First I describe a practical formalism for calculating the monochromatic neutron
flux at the sample position for various monochromating systems. Then I show that the large solid angle by which a doubly
focusing crystal monochromator could view the cold neutron source at the NBSR would allow the construction of an
instrument surpassing any current instrument for neutron spectroscopy with 0.1 <AE <0.5meV and AQ = 0.1 AT
contrast the merits of this instrument to those of other neutron spectrometers at NIST and elsewhere and discuss the scientific

opportunities that the instrument would provide.

1. Introduction

More often than not the information which may be
extracted from an inelastic neutron scattering experiment is
limited by the signal countrate. It is thus essential to
optimize the resolution of the spectrometer so that both the
flux on the sample, and the sensitivity of the detection
system, are maximized while maintaining the ability to
resolve features of interest.

Although the conventional triple axis spectrometer
offers a great deal of flexibility in tailoring the properties
of the resolution function, the ratio between energy
resolution and wave-vector transfer resolution is essentially
determined by the neutron velocity V2E/m. It is the close
match between the characteristic velocity of thermal and
cold neutrons and those of a broad class of excitations in
condensed matter that make neutrons, and in particular the
triple axis spectrometer, such important spectroscopic
tools.

Available neutron sources and the kinematics of the
scattering process however effectively limit the usable
range of neutron velocities to less than two orders of
magnitude, from approximately 600 m/s to 1.4 X 10* m/s.
This dynamic range is much less than that characterizing
velocities of excitations in condensed matter. In magnets,
for example, spin wave velocities vary from <0.1 meV A
(=15 m/s) in organic magnets, magnets with anisotropic
interactions and strongly correlated metals to >1 eVA
(=1.5% 10° m/s) in transition metal oxides. New ground
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is being broken in the high energy range with the advent of
intense spallation neutron sources. Here I shall focus on
the optimal application of neutron spectroscopy to the
study of excitations which have one or more directions in
space where the characteristic velocity is low.

As a first step it is advantageous to use a cold neutron
source when studying such excitations because of the
lower average neutron velocity. In addition, selective
coarsening of wave-vector resolution along particular
directions in reciprocal space may be achieved by aban-
doning the conventional parallel beam configuration before
the sample. The first example of such an approach to
enhancing the sensitivity of a neutron spectrometer was the
vertically focusing monochromator first proposed by Riste
[1]. This device coarsens the wave-vector resolution in one
direction (usually the vertical direction) without sacrificing
energy resolution, or wave-vector resolution, in the perpen-
dicular plane. When the plane with good wave-vector
resolution is a symmetry plane, the group velocity for
excitations propagating in the perpendicular direction
usually vanishes and sensitivity is gained without loss of
information.

By employing a double focusing crystal monochromator
it is possible to coarsen wave-vector resolution along the
second perpendicular direction to the incident wave vector
without affecting energy resolution substantially. Given the
cost and technological difficulties associated with enhanc-
ing the neutron flux at nuclear reactors, such focusing
techniques may be the most promising means of expanding
neutron spectroscopy into new areas, such as in this case
the study of excitations with low characteristic velocities.

I will show that with the application of horizontal and
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vertical focusing it is possible at NIST to build a neutron
spectrometer with energy resolution in the 0.1-0.5 meV
range and wave-vector resolution of order 0.1 A ' pro-
viding almost an order of magnitude greater neutron flux at
the sample than any instrument currently available.

A neutron spectrometer consists of a part which
produces the incident beam and a part which analyzes the
scattered beam. I expect that the detection side of a modern
spectrometer would be highly multiplexed, by which I
mean that instead of employing just one crystal and one
detector it should be possible to analyze numerous final
neutron states simultaneously. Such a detection system
would greatly enhance the efficiency of the spectrometer in
experiments where the scattering cross section is to be
probed throughout an extended region of reciprocal space.
The optimization of this part of the instrument will be
considered elsewhere. The figure of merit which I shall be
concerned with here is the monochromatic neutron flux at
the sample position. Following a general introduction, [
compare the merits of various monochromating systems:
the vertically focusing monochromator in a beam tube, the
vertically focusing monochromator in a beam guide and
finally the doubly focusing monochromator in a beam tube.
The former two monochromating systems are already in
use at NIST and offer an opportunity to establish confi-
dence in my calculations by comparing the calculated and
measured monochromatic neutron fluxes. After the techni-
cal part follows a summary of the results in which I
discuss how the proposed instrument supplements other
neutron spectrometers available at NIST and elsewhere.

2. Calculating the flux distribution reflected by single
crystal monochromators

Numerous authors have considered the intricate combi-
nation of real space and reciprocal space focusing which
may be employed to enhance the sensitivity of neutron
spectrometers [2]. The most comprehensive approach is
that of Popovici et al. [3] who simultaneously consider the
real and reciprocal phase space correlations. Here I use a
less stringent approach which nevertheless suffices for
deriving expressions for the flux distribution on the sample
position. Eventually these results should be compared to
full scale Monte Carlo simulations. My calculation is
based on the following formula characterizing the beam
emanating from an area element of a monochromator
which views a neutron source through an effective Gaus-
sian collimator {4]:

Bs
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Most of the notation is consistent with that of Ref. [4] and
is defined in Table 1. P(3k, v, &,) k Sk dy, dd, dA dt is the
number of neutrons with wave vector k between k and
k +dk, vy, between 7y, and vy, +dy,, 6, between 8, and
6, +dé, emanating from the area element dA of a mono-
chromator in the time interval dr. @,(k) is the flux before
the initial Gaussian collimation which I approximate by a
Boltzman distribution:

@ k' k\>
¢O(k)—gk—;exp<—(kr) ), (2)
k, is the characteristic wave-vector of the distribution and
@, = [ d2 dk P,(k) is the 47 flux of the moderator.

Eq. (1) is exact but does not directly describe the
physical reality of a focusing monochromating system such
as that employed in a modern neutron spectrometer. In the
following I shall discuss how I apply it to some particular
configurations with the objective of determining the mono-
chromatic flux distribution on the sample position.

For simplicity I shall assume that each area element of
the monochromator views the source through the same
solid angle i.e. that the illumination is homogeneous. This
is for example the case when the monochromator views the
source through a slit of dimensions w_ X A, at a distance L,
with no further obstructions. In this case I choose
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This choice matches the standard deviation of the square
distribution associated with the slit geometry to that of a
Gaussian distribution.

If the horizontal angular divergence is limited by a
Soller collimator it is easy to show that when w_>w_ the
illumination is homogeneous only when a,> (w_ +w,)/
(2V3L,) or @, < (w, —w,,)/(2V/3L,). When this is not the
case the divergence of the radiation varies over the
monochromator surface. The average neutron flux is
nevertheless well approximated by the expressions. For
Soller collimators, it is usually &, the full width at half
maximum of the collimator measured in minutes of arc
which is specified. This quantity is related to «a, by

R i 1
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When the monochromator views the source through a long
neutron guide, the effective Gaussian collimations are

o

é"
a,=—== 0"k, (6)
RN
00
,80=V§E@/k, N

where the critical angle for total internal reflection, 6, =
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Table 1

List of symbols with short explanations and units

Symbol Description Units
A, Effective area of monochr. presented to the source cm®

A, Height of monochromator cm

h, Height of source as viewed by monochr. cm

(k) total neutron current reflected by monochr. n/s
°(x, y) normalized intensity profile from geometric optics cm”’
&y, 6,) Angular distribution of reflected intensity arising solely from mosaic t/sr

k mean wave-vector of incident and reflected beam AT

k, (ﬁkT)zl 2m =k,T where T is the effective moderator temperature AT

P (k) k-dependent reflectivity of monochr., see Ref. [4] unity
W, Effective width of monochr. presented to source cm

W Actual width of monochrom: w_=w_ sin @ cm

w, Width of source as viewed by monochr. cm

w, Width of sample as viewed by monochr. cm

a, S. dev. of horizontal collimation before monochr. rad

a S. dev. of horizontal collimation after monochr. rad

B, S. dev. of vertical collimation before monochr. rad

B, S. dev. of vertical collimation after monochr. rad

Y Angular deviation in scatt. plane before monochr. rad

Y Angular deviation in scatt. plane after monochr. rad

8, Angular deviation perp. to scatt. plane bef. monochr. rad

8, Angular deviation perp. to scatt. plane after monochr. rad

4, width of reflected beam in scattering plane from geometric optics cm

4, width of reflected beam perp. to scattering plane from geometric optics cm

L, Distance from source to monochr. cm

L, Distance from monochr. to sampie cm

M S. dev. of mosaicity of monochr. crystal within scattering plane rad

n, S. dev. of mosaicity of monochr. crystal perpendicular to scattering plane rad

26 Mean scattering angle at monochr. rad
0.(k) Critical angle of neutron guide rad

o @""/k is S. dev. of hor. and vert. angular distrib. of neutrons in a guide rad A~
T Reciprocal lattice vector of monochr. A
/X(3] Flux incident on monochromating system n/em®/se/A ' U
@ Total source flux nfem’/s
olx, ) Flux distribution at the sample n/cm’/s
DSk, y,,8,) Phase space density for neutrons reflected from monochr. n/em®tst/A s

2.04 X 10 > rad X A(A) for **Ni and approximately twice
this for a super mirror guide. For convenience I define also
@™ which is 739X 10 *rad A~ ' for **Ni and twice that
for a super mirror guide.

With the assumption that the monochromator is
homogeneously illuminated by a ‘‘white’’ beam, the
reflected flux distribution is also homogeneous over the
active area of the monochromator A . Integrating Eq. (1)
yields an expression for the total neutron current which is
reflected by the monochromator [4]:

S(k):Amf(ﬁ(Sk, ¥, 8,) k d 8k dy, 48,

=A, 27" ?P_(k) ®,(k) k\/ (2—Tk) -1

B, By X &,
\//3’2 + (771,7'/k)2 + Bf \/a,z, + 4ni + a?

€))

For completeness I have defined

DBk, vy, 8,) = P(¥%k, v,, 5,)
1 2 61 z
<o (2)+(2)]) @

to include, if required, the effect of horizontal and vertical
Gaussian collimators defined by «, and B, which follow
the monochromator. Here and throughout I assume that the
normal vector of the surface of the monochromator crystal
is parallel or perpendicular to the reciprocal lattice vector
associated with the Bragg diffraction. To calculate the flux
distribution at the sample position, I use geometric optics
to calculate the normalized intensity distribution I°(x, y) of
the beam spot at the sample position. It is at this stage that
the focusing optics implemented by the monochromator is
accounted for. The broadening of the beam spot resulting
from the finite mosaic spread of the monochromator is
determined by the angular distribution of the intensity
reflected from an infinitesimal area element of the mono-
chromator illuminated by a perfectly collimated white beam:
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Including the mosaic spread, the spatial distribution of the
beam is then given by

g(y]’ 6]) =

' ’

Ix, y) = de dy’ g(i Z)I(x Xoy—yY), (1)

and the flux distribution on the sample position can be
writien

@(x, y) = 3k) I(x, y) . (12)

The focusing monochromators which I will consider in this
paper are made up of platelets which are oriented so as to
approximate an idealized continuously curved crystal. It is
the idealized device which I analyze by geometrical optics.
The effect of the segmentation of the analyzer is to
broaden the beam and I shall account for it by using an
effective mosaic spread in Eq. (11):

3 > 1 d\?
NS ABR) (13)

where d is the segmentation width and R is the radius of
curvature of the device. A similar expression can be used
when there is a horizontal segmentation of the mono-
chromator. It is important to note that 7, rightfully should
only be used in Eq. (10) and not in Eq. (8) since I(k) is not
effected by the segmentation of the monochromator.

In the following I shall derive expressions for ¢(x, y) in
three specific situations: (i) a vertically focusing mono-
chromator viewing a neutron source through a beam tube,
(ii) a vertically focusing monochromator viewing a neutron
source through a beam guide, (iii) a vertically and horizon-
tally focusing monochromator viewing a neutron source
through a beam tube.

3. Vertically focusing monochromator in a beam tube

First suggested by Riste [1], the vertically focusing
single crystal monochromator is probably the most com-
mon single crystalline monochromator in use today. The
basic rationale for this device is that the peak flux at the
sample position may be increased without loss of in-plane
wave vector resolution. In this monochromating system «,
and o, are defined by Soller collimators. B, is given by
Eq. (4) and there is no vertical collimation after the
monochromator, With the assumption of homogeneous
illumination, I can immediately write down the neutron
current passing through the exit collimator from Eq. (8)

2k\?
Stky=A,2m) 2P (k) D,(k) k\/(—T) -
1
2V3

XN, &,
0/ af, + 417i +al
The next step is to calculate the spatial distribution of
intensity on the sample position. In the small angle limit
the horizontal, x, and vertical, y, directions are indepen-
dent: I(x, y)=1,(x)i,(y) and I shall use different ap-
proaches for each.

The y profile depends on the choice of the radius of
curvature, R, of the monochromator. As shown in Refs.
[5,6] optimal focusing for fixed values of L, and L, is
obtained when

T 1 1 1

¥R-L L (5)

2 14
X EL (14)

then, geometric optics predicts a square distribution with
width 4 =h_ L,/L,. According to Eq. (11) I have

1 y+4,/2 y—4,/2
Iv(y)=ﬁ erf<T' —erf T’ , (16)

where 1 have defined
o, = 2L, @, 7/k . a7

An expression for the effective mosaic of a segmented
vertically focusing monochromator following a beam guide
is obtained by inserting the focusing condition (15) in (13)

(5@ D) as)
7= V’“ 23T L, ’

This expression provides a design criterion for the seg-
mentation size. It should be chosen so that 7, =7, which
is the case when
L,L,
L,+L,

d<2V3m, 7 (19)

The horizontal beam profile is determined by the
technique of acceptance diagrams [6]. In keeping with my
underlying assumption of homogeneous illumination, the
acceptance diagram characterizing the spatial and radial
distribution of the radiation emanating from the meno-
chromator takes the form shown in Fig. 1b, where the
angular  distribution Ay, is  determined by
J @8k, y,, 8,) d 8k. This implies the box intensity profile
also shown in Fig. la with a width set by the active width
of the monochromator. Upon propagation to the sample the
acceptance diagram shears as shown in Fig. 1d, where 1
have assumed that Ay, L, =w /2. This in turn leads to the
normalized intensity profile, /,(x), shown in Fig. lc. Of
particular interest is the peak value

1 I
h,+h, w, 1+L,IL,"

1,(0)= (20)
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Fig. 1. Normalized intensity profiles and acceptance diagrams
characterizing the spatial and radial distribution of the neutron flux
reflected by a uniformly illuminated monochromator. (b), (a) show
the distribution at the monochromator (d), (c) show the dis-
tribution at a distance L, from the monochromator. The slope of
the lines which intersect the ¥, axis in (b) is L, when Soller
collimators do not limit the divergence. If the Soller collimation is
tight that slope diverges and the acceptance diagram at the
monochromator is a rectangle.

Applying Eq. (12) I can now write the peak flux as
#(0,0) = (k) 1,(0) 1,(0)

(2 )3/2 \/’7
oy — =P (k) Dy(k) k )

>< a()nhl

\/a3+4n§+af

AR AN )
N2 7, 1+L,/L," 2h

3.1. Practical example: BT4

I consider the case of the thermal triple axis spectrome-
ter BT4 at NIST. Approximate parameters for this instru-
ment are:

@ =19X 10" nem s (Reactor at 20 MW) , (22)

k,=381A7", (23)
h,=12cm, (24)
w,=152cm, (25)
L,=414.50 cm, (26)
@, =7.45X 10" rad (60’ FWHM), Qn
h, =133cm, (28)

d=27cm, (29)

BT4 , 20MW

¢ (n/cm?/s)

104] . x .
0 20 40 60 80
E (meV)
Fig. 2. Calculated peak flux at the thermal neutron triple axis
machine BT4 defined by the parameters above compared to
measurements.

7, =3.73 X 10" ' rad (30’ FWHM), (30)
n, =373 X 107" rad (30' FWHM), (31)
w,=~5cm, (32)
L, =17170cm, (33)
@, =497 % 10 " rad (40’ FWHM). (34)

First note that a,~ (w, —w,)/(2+V3L,)=7.1 X 10" rad
so the monochromator is approximately uniformly illumi-
nated with respect to the horizontal divergence. Fig. 2
shows the calculated peak flux ¢(0,0) at the sample
position compared to the measured values. There is a good
overall agreement between my calculation and the mea-
surements.

4. Vertically focusing monochromator in a beam
guide

As discussed by Copley [6], the beam guide case may be
derived from the beam tube case by letting A, —% and
L,—>> while maintaining h /L, =20, (k)—2\/§@ Ik.
This implies for example that the charactenstlc height of
the vertically focused beam is 4, =L, 236" /k and that

NS
Jky=A,, Qm)"? P_(k) B,k k 7) -1

(0" [k)(O" Ik, o,
V" 107+ + o

(35)
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s A2 d_k
n=\/n, (2\/&' T)- 37

Central to this note is the comparison of the peak beam
tube configuration to the beam guide case. I distinguish a
neutron current ratio R, and a peak flux ratio R ,, and

for simplicity I consider the case where a? +4n;>
(@"1k)":

_(J2V3L) a,
eurr @°

2

e’

(L hLok
O o2 @, 7
Tk @ 1+ L, /L, (\/6 0" /7)

erf{ ————=

(38)
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4.1. Practical example: SPINS

I consider the case of the cold neutron triple axis
spectrometer SPINS at NIST. The relevant parameters for
this instrument are:

@ =1.18X 10" ncm ™2™ (15MW D,O source), (40)

ke =164A7" (41)
0"=739%x10 "rad A ', (42)
0’ =739%X10 *rad A ', (43)

=12.0cm, (44)
d=24cm, (45)
7, =3.73 X 10" rad (30' FWHM) , (46)
7, =3.73 X 10 " rad (30' FWHM), (47)
w,=~5cm, (48)
L, =1930cm, (49)
a, =4.97 X 10" rad (40’ FWHM) . (50)

Fig. 3 shows the calculated peak flux ¢(0, 0) at the sample
position compared to the measured values. The calcula-
tions predict a higher peak flux than actually detected, in
particular at high energies. This is most likely because

SPINS 40' D,0 , 156MW
2.5x10°% T T T

2.0x108}

1.5x108F

¢ (n/em?/s)

1.0x108

TV

5.0x10%

oL ! . .
0 S 10 15 20
E (meV)

Fig. 3. Calculated peak flux at the triple axis spectrometer SPINS
on the NG5 **Ni guide at the CNRF, NIST as defined by the
parameters shown above and compared to measurements. The
discrepancy between measurement and calculation at 12 meV is
probably due to incorrect vertical focusing during the measure-
ment.

vertical focusing was not optimized correctly in the
measurement. More accurate flux measurements will be
carried out after the installation of the new cold source to
resolve this discrepancy.

5. Doubly focusing monochromator in a beam tube

The purpose of horizontally focusing a monochromator
is to increase the horizontal acceptance angle and focus the
diverging beam from the source onto the sample position. I
shall only consider monochromatic focusing here because
it has the virtue of not broadening the incoherent energy
resolution which is important for some applications. For
the purpose of minimizing the resolution width of a
dispersive excitation while maximizing peak intensity,
non-monochromatic focusing can be more efficient [2].
The monochromating device under consideration here
would also be capable of implementing such focusing.

The device 1 propose is slightly different from horizon-
tally focusing monochromators implemented elsewhere
[2]. The principle is shown on Fig. 4. Optimally the
monochromator should be circular with a radius

VLI LE+2L,L cos26
L 2 sin 28

(5D

and the reciprocal lattice vector pointing towards the point
A on the ‘“‘Rowland Circle’’. Since the monochromator
envisioned is much smaller than R, there is no loss in
constructing the device by mounting individually rotatable
crystals on a horizontal rod as indicated in the figure. The
rod is tangential to the Rowland circle when it forms an
angle 9, given by



C. Broholm | Nucl. Instr. and Meth. in Phys. Res. A 369 (1996) 169—179 175

A

Fig. 4. Sketch of the geometry of a horizontally focusing mono-
chromator. The circle which joins the source, monochromator and
sample point is called the Rowland circle.

sin 28

tan & = s26+ L /L, G2

with the line from the center of the source to the center of
the monochromator. Segments of the monochromator
displaced from its center by p are rotated by ¢(p) with
respect to the rod. When ¢/ p) satisfies

p

cot(Y(p) + 8) = cot 0—m,

(53)
the angle of incidence for a neutron emanating from the
center of the source is 6 and the device implements
monochromatic horizontal focusing. Under these condi-
tions, and in the small angle limit, a neutron emitted with
angular and positional coordinates vy, and x, from the
source, will have corresponding coordinates

Xo
n=n%t27 (54)
0
LI
X, =X, , 55
R (55)

when it reaches the sample. A somewhat surprising [7]
consequence of these equations is that the area of the
acceptance diagram at the sample position is reduced by a
factor L, /L, as compared to the acceptance diagram at the
source. Since the phase space density of the neutron beam
according to Liouville’s theorem cannot change from
before to after the monochromator, there is a fundamental
upper bound of L, /L, on the overall reflectivity of such a

monochromating device. In the case of the ‘‘Venetian
Blind”’ design the cracks between the individual blades
which open up when L, <L, account for part of this
reduced reflectivity. In the following I shall approximate
the effective reflectivity of the doubly focusing mono-
chromator by (L,/L,)P,_ (k).

Egs. (54) and (55) also imply that the horizontal beam
profile at the sample position is box-like with a width

(56)

quite analogous to the case of vertical focusing. Taking
into account the effective mosaic of the monochromator
the horizontal beam profile becomes

1 x+47/2 x—4,/2
Lo =5y et =) —ef(——) . D

where
o, =\2L,#%, (58)

and

5 =\n +(—= L) 59
Th =\/ n 43 R, /) (59)

The total neutron current is calculated from Eq. (8) using
a, = ﬁwS/LO, B, = ﬁhs/L0 (assuming that every point
on monochromator views every point on source) and «,,
B, = ® (no final collimation):

L, 2m*"?
w12 P, (k) @, k)
0

><k\/(ﬁ)2 -1 ko, 60
r L(ZJ h - (60)

The peak flux for the doubly focusing monochromating
device is then

Jk)y=A

(0, 0) = 3(k) 1,(0) 1,(0)

A, (27r)mp ) 7k (%)2 .
T, 1z ek oUm\/ T

1 AL, k 1 w/L,
X erf ———— }erf = , (61)
2v2 oM, T 2V2 W,

comparing with the corresponding expression for the
vertically focusing analyzer in a beam tube the enhance-
ment in peak flux arises from the ratio of the horizontal

divergence «, to me/Lo which (within the small angle

approximation) magl3 be increased without loss in energy
resolution. As opposed to the case of vertical focusing,
horizontal monochromatic focusing cannot be accom-
plished on a neutron guide. This may be realized by letting
L, > in the focusing conditions (53) and (52) which
leads to & =26 and y« p) = 6. This simply corresponds to
a crystal with an angle ¢ between the crystal surface and
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the reflecting lattice planes. However, multiple scattering
in that particular configuration renders such a device
pointless: It reflects the same neutron flux as a convention-
al non-miss-cut crystal. The inability to achieve mono-
chromatic horizontal focusing of the beam from a neutron
guide may be understood as a consequence of Liouville’s
theorem.

5.1. Resolution of the device

The horizontal angular acceptance of the device is
characterized by a standard deviation Y= ~w /L,
where w_ is the width of the monochromator presented to
the source. In practice w, could be determined by a
horizontal slit allowing flexibility in choosing Y and hence
the incident k-resolution. To be specific in my calculations
I shall simply assume that the width of the monochromator
itself, w_,, determines w_ =w_ sin 3.

The average neutron phase space distribution at the
sample position may be derived by convoluting Eq. (9)
with the angular distribution determined by Y:

"' (3k, 7.)“Jd7iexp(—%(y') )Gﬁ(ﬁk KD
(62)

where I am not concerned for the moment about the §,
distribution or the normalization. In the expression for @
Eq. (9), a, = 4w /L, and a, = ~ fw ./L, are the stan-
dard horlzontal angular dev1at10ns by which an area
element of the monochromator views the source and
sample respectively. The sample width is denoted w_,.
Carrying out the integration I find that

D" (Bk, ¥, )xexp(— L(X'MX)), (63)
where X = (8, v,) and
M=

tan’6(Y’ + a; + 4n;) tan (e + 21})

, @YY +H(@Y) + (aym,)
tanH(aé+2ni) 77,2,+a(‘,+ h 03 AL

a,

/((ﬂhY)2 + (anY‘)2 + (aym, )Z) .

By integrating out 7, it can be shown that

AE(FWHM) = 2E\/ (2—1]_()2 -1

2 2 2 2 2 2 2
a+Y )+ a(a+Y +

X smz""(' . )2 0(2' > "“).
a,+Y +a,+4y,

(64)

In the limit where the sample intercepts all the neutrons
reflected by the monochromator (w_, >w (L, /L)) = a, >
M., Y, «,) this expression reduces to

AE(FWHM) = 2E\| (2—f> —1V8In2(nl +a)), (65)

and in this case the energy resolution is solely determined
by @, =—=w /L, and 7. In the limit where Y > a,, 7,
the longltudmal and transverse directions with respect to
the average incident wave-vector are the principal direc-
tions of the resolution function and the transverse wave-
vector resolution is simply given by Ak (FWHM)=
-clor_
V8In2Yk.

3.2. Practical example: double focusing at the NIST
cold source

As a practical example I choose the following parame-
ters characterizing the double focusing monochromating
system:

2

@ =4.8X 10" nem s~ (H,, Reactor at 20 MW),

(66)

ke =137A7", (67)
=10cm, (68)
=10cm, (69)
L,=400cm, (70)
h_ =20cm, (71)
W, =30cm, (72)
d,=2cm, (73)
d,=2cm, (74)
7, =3.73 X107 rad (30’ FWHM), (75)
7, =3.73 X 10" *rad (30’ FWHM), (76)
L, =190cm. (77)

Fig. 5 shows the peak flux on the sample position as a
function of energy. On the figure are included data points
for IN14 [8], a conventional triple axis spectrometer with a
vertically focusing monochromator viewing the ILL cold
neutron source through a **Ni guide. Currently the incident
beam on INI4 is the most intense monochromatic cold
neutron beam in the world. In Fig. 6 is shown the half
width at half maximum resolution ellipsoid characterizing
the incident beam on the doubly focusing instrument and
on a conventional collimated instrument at 5 meV and
15 meV.

6. Comparison and discussion

After having calculated the properties of various mono-
chromating systems I now turn to the proposal for building
a cold neutron spectrometer with a doubly focusing
monochromating system at the NIST cold source. Fig. 7






