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The straight neutron guide and crystal filter formerly used to supply a cold neutron beam to the
NG-3 30 m small angle scattering instrument at the National Institute of Standards and Technology
Center for Neutron Research has been replaced by a vertically-kinked “optical filter” neutron guide
that eliminates direct lines-of-sight between the instrument and the neutron source. Due to
pre-existing lateral spatial constraints, the optical filter bend is in a vertical plane requiring a vertical
displacement of the sample-detector axis by about 14 cm. The optical filter is successful in
excluding unwanted fast neutrons and gamma rays from the beam at the sample position without the
use of crystal filters. We show that the optical filter provides neutron current density gains at the
sample by a factor of about 1.8 at 15 A neutron wavelength with negligible increase in the beam
divergence, whilst allowing some measurement capability at wavelengths shorter than 4 A
(previously excluded by the beryllium—bismuth crystal filte® 2005 American Institute of
Physics.[DOI: 10.1063/1.1844472

I. INTRODUCTION rangement was used for the “30 m” small angle neutron scat-
tering (SANS) instrument installed on the cold neutron guide
The indispensability of neutron guide tubes for the effi-NG-3 as illustrated schematically in Fig. 1.
cient transport of cold neutron beams over large distances The NG-3 crystal filter consisted of 8 in. eaim the
has been recognized since the pioneering days of thbeam directioh of vacuum-cast beryllium and quasisingle
techniquel. Straight neutron guides are relatively simple tocrystal bismuth. The crystals were contained in a cryostat
construct and align and provide approximately spatially-and cooled by liquid nitrogen in order to reduce thermal
uniform neutron beams at all wavelengths. Straight guidegliffuse scattering of the desirable cold neutrons. At these
have some natural beam filtering ability. If one considers thdhicknesses, polycrystalline beryllium is an efficient scatterer
case that they have perfect reflectivity, are fully illuminated,0f neutrons with wavelengths shorter than 4(he Bragg
and have small solid angles for lines-of-sight from the sourcécattering threshojdwhilst the main role of the bismuth is
to the exit, their neutron transmission increases approxit© efficiently attenuate gamma rays in the beam without sig-
mately proportional to the neutron wavelength squared. ThuBificantly attenuating the neutrons in the transmission band

there is a natural bias against short wavelength neutron tranglc the beryllium. Relatively large gra_lr_1ed vacuum-cast bgryl-
mission, whilst the fast neutrons and gamma rays, the maj0|l'-”m was chosen over the more traditional hot-pressed, finely
dered beryllium because it produces about one-half of

ity of which do not “see” the boundaries of the guide, tend topOWb broadeni t the latter due t ¥ |
decrease approximately inversely proportional to the squar € beam broadening of the fatler due 1o small angle

of the distance from the source. However, the natural filter-scatte”ngz' Having single crystal or quasisingle crystal, as

ing ability of a straight guide is often insufficient over the opposed to polycrystaline bismuth, increases the neutron

: ) ) - ansmission in the 4—6.5 A wavelength rar(getween the
distances con5|der<|a(: Wlt?r? Utb add|t|gna!{hfas'i r!elrj]:ron tan ragg scattering thresholds of Be and.Bihe transmission
gamma ray removal from the beam. ©n the straight neu rOIBroperties of these crystals are further discussed, for ex-

guides that view the cold neutron source at the National I”émple, in Refs. 3-6, and associated references.

stitute of Standards and Technology Center for Neutron Re-  "Thare are several obvious disadvantages of using the
search(NCNR), this task is often performed by a crystal gyajght guide-crystal filter arrangemerity The guide sec-
full height of the preceding®Ni-coated guide(ii) The maxi-
dauthor to whom correspondence should be addressed: electronic maifluUm transmission of the cooled filter for neutrons in the
jeremy.cook@nist.gov transmission band is only about 72% near4 A falling to
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FIG. 1. Pre-March 2002 configuration of the NG-3 neutron guide {alie -20 . L . | . ! 1 . 1
view) for the 30 m SANS instrumentnote differenty and z scale$. z 0 10 20 30 40 50
represents the distance along the beam direction from the center of the cold Horizontal distance from cold source center z (m)

source. Unable to exploit the divergence of the initial more than 20 m of . . . .
S&Ni-coated guide, the SANS instrument uses guides coated on all sides with!G- 2. Post-March 2002 configuration of the NG-3 neutron guide tside
natural Ni within about 27 m of the sample position. The guide cut requiredVi€W) for the 30 m SANS instrumertiote differenty and z scale. The
to accommodate the crystal filter cryostat is a little over 0.5 m long and theeonfiguration is shown with all 8 removable guides inserted in the beam
minimum gap between the guides on each side of the velocity selector is @o=8)- The OF(%Q“@' filten) is illuminated by the full area of the preced-
litle over 1.2 m. When all 8 removable guides are insertig=8) as ing 6 cmx 15 cm Ni gqlde. The vertical d|§plaf:ement of.the beam center
shown, a circular source apertutgpically 5 cm diameteris inserted just a_lt the sa_lmple is approximately 14.3 cm WhI‘Ch is just_ sufficient to exclude a
downstream of the final removable guide section. When all 8 guides ardne-of-sight between the source and the exit of the filsee dotted—dashed
removed(N,=0), typically a 3.8 cm diameter source aperture is placed atline). The solid ar_rowed line illustrates a trajegtory undergoing an even
the downstream end of the velocity selector gap. The dashed lines indicafémber of reflections2) from the upward-sloping surfaces of the OF,
the diameter of the spherical, first-generation liquid hydrogen cold sourc&€Merging with the samg-z plane projection angle with which it entered.
(not shown explicitly. Such trajectories can potentially be transmitted towards the sample either
directly or by further reflections in the removable guide sections. The
dashed-arrowed line illustrates a trajectory that is once-reflected from the
upward-sloping surfaces of the OF and emerges at an inappropriate angle to
less than 56% ax=15 A. (iii) The length of the filter cry- be transmitted furtheNote that the angles are greatly exaggerated by the

ostat requires a guide cut exceeding 0.5 m, resulting in neuiifferenty_andzlscaleﬁ.The_hori_zor_ltal dashed lines indicate the diameter of
tron beam divergence losses that are particularly costly afe SPherical first-generation liquid hydrogen cold source.

long wavelengths(iv) The losses in(iii) are further en-

hanced by small angle scattering in the crystal.Periodic  region where they can be absorbed. In most neutron guides
maintenanceliquid nitrogen filling and insulation vacuum that are exposed to moderate neutron fluxes, the majority of
pumping of the filter cooling system is required. In light of these neutrons are captured within the boron-containing glass
these disadvantages, we undertook a study of an alternatitbat constitutes the substrate for the neutron reflecting layers.
“optical filter” guide (a term first employed, we believe, by The quasi-isotropic prompt gammas resulting from this cap-
Hayte|7) to replace the approximately 9.5 m section of NG-3ture are low in energy478 ke\) and are easy to shield from
comprising the two 4.5 m long, 6 c’6 cm sections of personnel and sensitive equipment. Their intensity in the fi-
guide each side of the crystal filter, the filter itself, and itsnal beam direction is usually tolerable from the sample point
associated guide gap. Henceforth we refer to this 9.5 m seof view. The typically smaller fraction of faster neutrons that
tion as the “filter section” of the guide. Optical filters are are not appreciably absorbed in the glass may be captured in
already in use at the NCNR on the Disk Chopperfast neutron shielding, if necessary. Likewise, the core
Spectrometérand on the neutron spin echo spectrometer. Agamma rays can be captured in appropriate gamma ray
optical filter is a neutron guide that delivers a beam that hashielding. By dissipating most of the unwanted radiation far
fairly uniform spatial and angular neutron distributions simi- from the final beam delivery point, instrumental background
lar to that of a straight guide but uses a bend or kink tolevels are kept low. Transmission properties of neutron opti-
exclude direct lines-of-sight between the source and theal filters have been further discussed in Ref. 9.

beam exit.[We point out that polygonal approximations to The principal constraints on the optical filter design were
curved guides with no line-of-sight, although also acting asas follows: (i) The original approximately 20 m of guide
slow neutron band pass filters, are conventionalt re-  would remain in place(ii) The location of the “footprints” of
ferred to as optical filters because their spatial beam distrithe velocity selector, the 5 cm5 cm removable guide sec-
butions are skewed by garland reflectidese Ref. 12] As  tions, and the detector tank would remain unchanged. Only a
with any such guide, the optical filter exhibits the familiar vertical displacement of these elements would be permitted.
short-wavelength transmission “cutoff” that is characteristic(iii) The divergence of the beam at the sample should not
of the minimum bend angle and the neutron reflective coatincrease(iv) Direct lines of sight must be eliminated.

ings used on it. Most of the unwanted short wavelength neu- In order to satisfy these constraints, we proposed a
trons and sourcécore gamma rays cannot negotiate the vertically-oriented “double kink” optical filter design that ne-
bend and are transmitted through the reflecting surface into eessitates the raising of the velocity selector-sample-detector
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bar at the extreme rightThe upper plot shows trajectories that made their
first reflection on an upper surface of the guide and the lower plot shows
trajectories that made their first reflection on a lower surface. Note that th?:IG 4. CF(crystal filteh configuration: Entrance acceptance diagraiefs-
differenty andz scales in this projection both greatly exaggerate and distort,_ " )

) ) ) and colump for neutrons entering the CF filter sectigmith Ny=8) that
the reflection angles such that reflections from the sloping surfaces appear Qrive at the 2.5 cm diameter sample, and phase space diagightshand
be nonspecular. ) '

column of the same neutrons at the sample for monochromatic wavelengths
(top to bottom A=5 A, 10 A, and 15 A. These diagrams refer to the vertical

. . displacement and the vertical componegditof the polar angle with respect
plane (see Fig. 2 For brevity, henceforth we refer to the to thez-axis only. Many of the blank stripes running bottom left-to-top right

optical filter and the original crystal filter configurations of are due to the effects of gravity. The two pairs of prominent blank stripes
the guide as the “OF” and “CF” configurations, respectively.sloping top left to bottom right are due to the velocity sele¢us) gap and

The OF relies on transmitting neutrons undergoing ever"e CF guide cut, as indicated.
numbers of reflections from the upward-sloping parallel sur-
faces such that every second reflection restores the initial
neutron trajectory orientation, but with a vertical displace-exploit the full height of the preceding.5 cmx 6 cm) beam,
ment, rather like a periscope. In this way we are able td€cognizing that the CF arrangement views only the 6 cm
achieve a horizontally-oriented beam with similar divergencex 6 cm central portion of it. The “optical” aspects of the
characteristics at the sample as was obtained with the prevperformance of the CF and OF guide configurations are well
ous straight guide-crystal filter arrangement. This is illus-illustrated by considering both the acceptance diagt&rtis
trated in Fig. 3 by tracing thg-z projection of a few of the for neutrons entering the filter section that arrive at the
simulated trajectories that successfully reach the sample forgample and the final phase-space diagram of those same neu-
neutron wavelength of 15 A. In this case, the sample is drons at the sample. The horizontal plane acceptance of the
25 mm diameter disk placed concentrically with the beamCF and OF configurations are approximately equivalent be-
exit from the guide. For clarity, the upper plot in Fig. 3 cause identical coatings and guide widths are used, apart
illustrates trajectories that made their first reflection on arfrom the fact that the OF benefits from having neutron re-
upper surface of the guide and the lower plot illustrates traflective surfaces in place of the guide cut previously occu-
jectories making their first reflection on a lower surface.pied by the filter cryostat. Therefore, we consider only the
Those neutrons undergoing an odd number of reflection¥ertical acceptancéy-z plane projection
from the vertically sloping surfaces emerge along a  Figures 4 and 5 show Monte Carlo-generated acceptance
vertically-canted axis and are largely rejected from the beardliagrams for the CF and OF arrangements respectially
delivered to the sample. This is illustrated by the dashedculated for all eight removable guides inserted in the beam
arrowed line in Fig. 2. These rotated-axis neutrons can eithdiNg=8] as shown in Figs. 1 and 2. In both figures, the left-
be absorbed or conceivably used in an application alignefand column depicts the region of phase space occupied by
along the rotated-axis. neutrons entering the filter sections that successfully arrive at
the sample. The right-hand column shows the phase-space
distribution of the same neutrons at the sample. As in Fig. 3,
the sample is a 2.5 cm diameter disk placed concentrically
with the beam exit(hence the vertical boundaries of the
phase-space diagram yt +1.25 cm). The three rows from

Because the delivered beam divergence must not intop to bottom are simulations for=5 A, 10 A, and 15 A,
crease, beam current density gains at the sample cannot bespectively, using the reflectivity models described later in
achieved by net focusing of the beam. A remaining opticakhis article. The vertical bold lines in Fig. 4 correspond to the
possibility for achieving such gains is for the OF to bettercritical angle for natural nickel. In most cases, the blank

II. POSSIBILITIES FOR NEUTRON INTENSITY
AND MEASURING RANGE ENHANCEMENTS
USING THE OPTICAL FILTER
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the narrower blank “stripes,” canted more steeply top left to

bottom right, that divide the otherwise transmitting regions.
Figure 5 demonstrates that the final beam divergence at
" ) o e . t_ g the sample is similar to that of the CF and that the OF pro-
e same neutrons at the sample for monochromatic wavele 0
bottom A=5 A, 10 A, and 15 A. These diagrams refer to the vertical dis- duce,s a b_eam _at the sample that hag a Ifeasonable degree of
placement and the vertical componet,of the polar angle with respect to  Spatial U.mform't)’- As was the case in F'g- 4, mOSt of th?
the z-axis only. Many of the blank stripes running bottom left-to-top right blank stripes canted bottom left-to-top right that increase in
are due to the effects of gravity. The wide blank strigisbeled “odd) width with increasing wavelength are due to the influence of
running in the opposite sense in the left-hand column are mainly due tg ravity. Gravity i | i nsible for th rvatur f th
losses of neutrons undergoing odd numbers of reflections from tharavity. ; avity 1s also responsibie 1o ?.Cu ature o e
vertically-sloping surfaces that cannot reach the sample. These missing ne@oundaries between some of the transmitting and nontrans-

trons emerge around a vertically-canted axis and, in the case of NG-3, amitting regions that becomes more exaggerated with increas-
absorbed in the velocity selector and surrounding shielding. The narroweling Wavelength.

steeper stripelabeled “even miss sampletividing the main transmission

regions in the left-hand column are mainly due to neutrons that are able to

reach the guide exit but pass by the sample. Il. SIMULATIONS AND MEASUREMENTS

FIG. 5. OF(optical filter) configuration: Entrance acceptance diagrdlefs-
hand column for neutrons entering the OF filter section that arrive at the
2.5 cm diameter sample and phase-space diagtegtg-hand colump of

The simulations were Monte Carlo ray-tracing with par-
regions canted bottom left-to-top right are due to gravitatial corrections due to gravitational effects. The simulation
tional effects that are included more or less rigorously in themodels assume no misalignments of the guide elements from
simulations. In the left-hand column of Fig. 4, the decreasingheir intended positions. The types of reflective coatings used
point density at highey-z plane-projected angle magnitude, on each major section of guide are indicated in Figs. 1 and 2
|8, is consistent with the decreasing visibility of the top andfor the CF and OF configurations of NG-3 respectively, not-
bottom reflecting surfaces of the prefilter guide as the step iing that only the elements occupying the filter section have
guide height is approachethe maximum|g| of an unre- been replaced.
flected neutron at the entrance to the filter section is Initial simulations were performed for configurations of
0.0056 radl. The very low density of points outside of the the CF arrangement for which measured data exist, using the
solid lines indicates that the acceptance at the sample imodeled geometry and brightness of the first-generation
largely determined by the critical angle of the natural nickel-(pre-March 2002 liquid hydrogen cold sourcéCS-Il). The
coated guide sections downstream of the filter section enguide up to the point immediately preceding the crystal filter
trance. had been previously modeled using the natural Ni i

The very different entrance acceptance diagram for the&eflectivities shown in Fig. 6. These reflectivities are plotted
OF in Fig. 5 shows that the full height of the illuminating as a function of wave vector transfer magnitu@e which is
guide participates. The broad blank regions canted bottorgiven by
right-to-top left, separat!ng three Qistinct and_ similarly dr 4mo(rads
angled bands of transmitted intensity, are mainly due to Q=-—sinf=———
phase space regions that favor odd numbers of reflections A
from the upward-sloping surfaces of the OF. Such trajectowhere§ is the scattering angle and the small angle approxi-
ries are absent from the beam at the guide exit and at theation indicated nearly always applies.
sample. Not all of the trajectories undergoing even numbers The simulated capture flux at this position of 126
of reflections from the upward-sloping surfaces of the OFx 10° cm s (where the indicated error is statisticabm-
reach the sample since it is both of smaller area than thpares well with a measured capture fiixof 1.70(4)
guide exit and displaced from it. This is the origin of most of X 10° cm?s™* (where the indicated error is mainly due to

: (1.9)
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FIG. 7. The modeled transmission of the 8 in. beryllium-8 in. bismuth filter FIG. 8. Simulated values afp/d\ for the CF(crystal filten and OF(optical

at 80 K used in the Monte Carlo simulations. The dotted line is the calcudilter) configurations of NG-3 assuming CSiriginal sourcg brightness
lated transmission for 60@m grain size beryllium, the dashed line is the and geometry. The data labeled “corrected CSuifigraded sourgeare the

calculated transmission for single crystal bismuth, and the solid line is thecorresponding CS- curves multiplied by an interpolatgd version of the
product of the separate transmissions representing the combined transmigS-Il gain curve obtained from high wavelength-resolution measurements
performed on the adjacent guide tube NGR&f. 18. The symbolNy indi-

cated in the legend refers to the number of removable guides inserted in the
beam. ForNy=8, the source aperture diameter is 5 cm andNgr0 the

. - . - . source aperture diameter is 3.8 cm. Note that the plotted point density at
estimated uncertainties in the gOld foil dimensions used foTonger wavelengths has been reduced compared with the original simulation

this measuremehtin light of the good agreement of these data in order to better distinguish the plot symbols.
values, this model of the prefilter section guide was retained

for all simulations.
The beryllium—bismuth crystal filter was assumed to bepositions indicated in Figs. 1 and 2, corresponding to the

close to the boiling point of liquid nitrogen at atmospheric measurement configurations of the instrument. Figure 8
pressure (approximately 80 K The model crystal filter shows two additional curves for the OF labeled “corrected
transmission is derived from an average of several cross se€S-11.” These are the simulated CS-I valueggf/ d\ for the
tions available from the National Nuclear Data Cetften-  OF multiplied by the CS-II/CS-I cold source intensity gain
cluding data specific to 60@m grain size beryllium and to factors as a function of wavelength. The CS-II cold source
single crystal bismuth. The separate and combined transmigrain, measured at appropriately high wavelength resolution
sions of the 8 in. Be and 8 in. Bi filter blocks at 80 K calcu- on the adjacent and similarly-illuminated guide NG-4, is
lated from these cross-section data are shown in Fig. 7. shown in Ref. 18. This gain curve was interpolated to pro-
Since the OF was installed simultaneously with the in-vide values for the additional simulation points that do not
creased brightness and nonspherical second-generation “Adxist in the measurements.
vanced liquid hydrogen cold sourcéCS-I1),*"*® no mea- The simulated “real” guide gain curve for the OF with
sured data are available for the optical filter with CS-I.respect to the CF arrangement, shown in Fig. 9, is evaluated
However, initial simulations of the OF were performed as-as the ratio of the simulated OF to CF values daf/d\
suming the CS-I brightness and geometry in order to com¢shown in Fig. 8, both assuming identical CS-I illumination.
pare the performance of the two guides under identical illudt corresponds to the guide gain that would have been ex-
mination conditions. For the OF simulations, the samepected from high wavelength resolution measurements at
natural Ni reflectivity model was assumed for its side coat-equivalent illumination, if such measurements had been
ings as for the CF section. The supermirror model shown iravailable.
Fig. 6 is revised over the model used in the original design  However, reference measured data for both the OF and
study of the OF since it appears that the delivered producCF configurations only exist in the form of neutron current
has an appreciably larger critical angle but lower plateawensities measured with a velocity selector operating at rela-
(low Q) reflectivity than was originally requested. This tively coarse neutron wavelength resolution
model was developed in order to explain the measured pefAN/AN(FWHM)=15%]. This low wavelength resolution op-
formance of the OF with CS-II. eration of the SANS instrument is typical but leads to a
The simulations produced differential neutron beam curperceived guide gain factor that differs from that simulated
rent densitiesde/d\, within the defined sample region at the in Fig. 9 (especially in regions where the neutron spectrum
sample plane. These values are shown in Fig. 8 for both thearies strongly with wavelengthThe velocity selector trans-
CF and OF configurations of the guide for the cases wherenission function,Tys(\), at 15% resolutior{corresponding
all 8 removable guides are insertéd,=8) or all removed to zero axial tilt of its axis of rotationis approximately
(Ng=0). For these respective cases, source apertures of diriangular with peak transmission=0.75. Thus, in order to
ameter 5 cm and 3.8 cm were assumed to be inserted at tlhtempare simulated and measured neutron current densities,

sion.
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FIG. 9. Simulated “real” guide intensity gain factors of the Qptical ~ F!G: 11. Simulated and measured beam current densifiefor the OF
filter) with respect to the CRerystal filte guide, calculated as the ratio of (Optical filten arrangement with either 8 or 0 removable guides inserted
the simulated differential guide fluxesp/dn at the same CS-(original ~ (Ng=8 andNg=0) for velocity selector operation a\/\(FWHM)=15%.
source illumination. These gain factors could be compared to measurement& "€ initial simulations ofip/dA assuming CS-{original sourcgillumina-
performed at high wavelength resolution and equivalent illumination, if suchtion are first corrected for CS-lupgraded sourgeillumination using the
measurements were available. Note that the plotted point density at longérS-! cold source gain factorlerived from the interpolated NG-4 data

wavelengths has been reduced compared with the original simulation data ffi€" integrated oveFys(A). The resulting CS-ll-corrected simulated current
order to better distinguish the plot symbols. densities are compared with the corresponding measured beam current den-

sities for the OF with CS-II illumination. For reference, the CS-I simulated
current densities are also shown. Note that the plotted point density of the
the simulated differential current densitieshown in Fig. 8  simulated data at longer wavelengths has been reduced compared with the

must be convoluted Witﬁ—vso\o) for each nominal wave- o©riginal simulation data in order to better distinguish the plot symbols.
length \o. The resulting simulated current densities for the
CF guide(CS-I illumination are compared with the corre- This comparison is made in Fig. 1the CS-I simulation

sponding measurements in Fig. 10. current densities obtained by eliminating the CS-II correction
For the OF, the simulated differential current densitiesstep are also included for reference
(assuming CS-I illuminationare first corrected for CS-Il il- The simulated “perceived” total intensity gain resulting

lumination, then integrated ovéli,s(Ao), for each nominal from the combined effects of the OF and CS-II gain factors
wavelengthiq in order to obtain simulated current densitiesis also a quantity that is directly comparable with available
that are directly comparable with available measurementsneasurements. This is defined as the ratio of the simulated
current density at a resolution df\/\(FWHM)=15% for
the OF with CS-ll(shown in Fig. 1] with respect to the
corresponding value for the CF guide with C$shown in
Fig. 10. The measured total intensity gains are just the ratios
=a Simulated N =0 of the measured OF and CF beam current denditieshe
same resolution oAN/N(FWHM)=15%)]. These simulated
and measured intensity gains are compared in Fig. 12.
Finally, it is interesting to compare the hypothetical real
guide gain of the OF with respect to a geometry equivalent to

7
10 LI L B AL L B B L L B B B L LA LA
”Simulateng:S

O Measured Ng:S

—
(=]
o

00 Measured Ng:0

n

. 2 -1

Neutron current density at sample (cm s )
=
=)

F o the CF geometry but with the crystal filter and associated
[ ] guide cut removedwhich we call the NCF configuration
L i We obtain the “real” guide gain factor by taking the ratio of
0E the simulatedde/d\ values at equivalent illumination, as
C |:|: before. The results are shown in Fig. 13 fay=8.
]03.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I
2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 IV. DISCUSSION

r(A)
In order to determine the gain of the OF relative to the
FIG. 10. Simulated and measured beam current densitiefor the CF CF as a function of wavelength, we need to understand the

(crystal filten arrangement with the first-generation liquid hydrogen cold . . . . .
source (CS-) illuminaion and velocity selector operation at Various factors that determine the transmitted intensity for

AN N(FWHM)=15%. The simulated current densities are obtained from theeach system. For the CF, there is an abrupt change in height
simulated differential current densities by integrating over the velocity seof the guide, a factor of 6/15. The crystal transmission is

lector transmission functionlys(\), appropriate for each nominal wave- Fpn — ;
length, \y. Note that the plotted point density at longer wavelengths hasneg“glbIe belowr=4 A' rses abruptly and then decreases

been reduced compared with the original simulation data in order to bettemqnomnica”y for Iargek_. There are also _|OSSGS due to the
distinguish the plot symbols. guide cuts for both the filter and the velocity selector. For the
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FIG. 12. Simulated and measured “perceived” current density gain factor§!G- 13- Simulated Ofoptical filter) gain factor(ratio of de/d at equiva-
(ratios of ) resulting from the combined gains of the @ptical filten and lent |IIum|nat|_orit with respect to the hypothetical NCerystal filter re-
the CS-Il(upgraded cold sourteThe simulated gain factors were obtained Placed by guidegeometry.

by assuming the same wavelength resolufidh/\(FWHM)=15%)] as the

measurements. Note that the plotted point density of the simulated data at P .
longer wavelengths has been reduced compared with the original simulatio%eSSfu”y to predict integral beam current densities on other

data in order to better distinguish the plot symbols. guides systems. However, the model still depends on as-
sumptions made about the average reflectivities of the refer-
ence guide tube NG-1 and is therefore subject to some de-
OF, only neutrons that undergo an even number of reflectiongree of systematic error. Also instrumental misalignments,
from the parallel upward-sloping surfaces of the bend can béhat must exist to some degree, have not been taken into
transmitted and enter the OF with appropriate position anéccount in the calculations. Comparison of beam current
angle. This factor is less than 0.5. The transmission factor oflensity measurements and simulations at the shortest wave-
the bend itself is zero below a cutoff wavelength and in-lengths suggested that the supermirror critical edge must ex-
creases gradually to an asymptotic value at longer wavtend well beyond the requested 3 times natural nickel
length. By using an OF with supermirror coatings that have=3). A model corresponding ton= 3.7 (shown in Fig. 6
critical angles about three times that of natural nickel was necessary to reduce the cut-off wavelength to a point
=3), we are able to extend the SANS instrument operatingvhere agreement with the data could be achieved, but this
range to wavelengths shorter than 4 A. These factors explaiagreement was obtained with a much poorer-than-expected
the shape of the intensity gain as a function of wavelengthow-Q reflectivity. The extended critical angle, but not the
shown in Fig. 9, with large gains for<<4 A, gains of less absolute reflectivity, has since been confirmed by the OF
than unity around\=4 A, and the monotonically increasing manufacturers.
gains at longer wavelengths. The simulated and measured “perceived” intensity gains
Figures 10-12 demonstrate that the performance of théshown in Fig. 12 are in good agreement. Any systematic
optical filter is quite adequately explained by the Monteerrors associated with the determination of absolute intensi-
Carlo models. The latter have also been used to make préies in the simulations might be expected to cancel to some
dictions where measured data are unavailable. We havextent, since the quantity depends on a ratio of intensities.
shown that the OF successfully reaches its goals of providinglowever, the long-wavelength downturn of the simulated
both an improved and monotonically-increasing transmissiomain factor forN,=0 does not seem to be reproduced in the
over the CF with increasing wavelength from about 6 A up,measured data. This is as yet unexplained.
and useful intensity at nominal incident wavelengths downto  The gain factor of the OF with respect to the NCF,
3 A or below(having been restricted to 4 A by the beryllium shown in Fig. 13 forNy=8, indicates that the long wave-
filter previously. These gains have been achieved with neglength intensity of the OF, where the presence of the bend
ligible change in the beam divergence at the sample. Fdnas little detrimental influence over the overall guide trans-
long wavelength operation of the SANS instrument aroundmission, is comparable to that of the NCF. Because the illu-
A=15 A, the simulations indicate that the OF guide gain ismination conditions and the beam entrance and exit dimen-
around 1.8, increasing further at longer wavelength. Thesions of the OF and NCF are identical, and the exiting beam
combined intensity gains of the OF and CS-Ihat15 A are  divergence is approximately the sarfas requirell Liou-
by about a factor 3.4. ville’s theorem dictates that the performance of the OF can-
Judging by the measurements, the Monte Carlo modelsot exceed that of the NCF, at least for “perfect” reflectivity.
tend to slightly overpredict the beam current densities at th&Ve conclude, therefore, that the OF has near-optimal perfor-
sample, especially at longer wavelengths. The CS-I brightmance at long wavelength.
ness model, that was developed based on time-of-flight mea- Finally, we estimate the lifetime of the OF from a neu-
surements on a neighboring guide NG-1, has been used sutten radiological point of view, in particular that of the lower
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