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Abstract: A tapered, sectioned, focusing super mirror . % . .
quide is under consideration for the Single Crystal A. Stoica, C. Ho_ﬁ"mann A H Lee, X.-L. Wang, J: Thomison, L. Davis
Diffractometer (Topaz - SCD) is under development for the SNS, Oak Rldge National Laboratory, Oak Rldge, TN, U.S.A.
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Laboratory. The total incident flight path is 18 m. The IDEAS
MC ray tracing package was used to simulate the neutron
transport through the guide system and flux at the sample
position. The guide is being designed to enhance the
neutron flux starting at roughly 0.4 A and approaching its

maximum gain factor of 4.8 at 1.5 A. The guide gain remains . .

constant in the first frame up to 4 A. The last 2 m of the guide W Requirements m MC — angular divergence (1)

will be removable to allow for more flexibility enabling high

resolution measurements or other beam focusing devices like 9 The primary objective was to design a guide system for ] @ 20 mrad option:

a K-B mirror or polarizing opfics. Keywords: Focusing Neutron a 18 m primary flight path, that will preserve the flux on : = )
Guide, Neutron Instrumentation sample and divergence of a primary flight path of 12 m. & e A (e

The divergence for this distance of a 100 mm x 120 mm
moderator view is approx. 10 mrad.

H Arguments 9 A simple straight guide cannot fulfill this demand, as e
the critical angle decreases dramatically for neutron
9 The new generation of time-of-flight [TOF] instruments needs novel wavelengths smaller then 1 A. A focusing guide can
design features for the neutron scattering studies involving small increase the angular divergence for short wavelengths.
sampling volumes. However, the lower limit would be set by the range of
Q@ The neutron guides, with tant rect: lar cross section, are the the critical angle allowed by the guide profile. We
basic components for transporting neutrons over large flight paths, choose this limit at 0.4 A.
but tapered guide section can be used as a way of spatially focusing @ A second design goal was to explore the possibility of
the neutron beam. increasing the angular divergence up to 20 mrad, or
@ Monte-Carlo simulations of tapered guide sections are available in even 30 mrad, for high intensity measurements. Our H‘ MC — beam cross section (1)
different packages as: RESTRAX, McSTAS, VITESS and IDEAS; search shows that a 20 mrad set-up would be

possible to design by using a single-channel guide

by using these computing tools alone it is almost impossible to system. However, the only way to increase the o

@ 20 mrad option:

design an optimal guide configuration for a specific instrument. divergence over this limit would be to replace the last > = il
Q@ The ideas for focusing must be developed first, before optimizing the part of the guide with a system of two concentric .
design via Monte Carlo simulations. tapered guides. ! o’ 80 3
@ As the distance from the guide end to the sample . '0 ” ig
position was fixed to 0.5 m, the cross section of the S . . ®
Designing a Focusing Guide exit _should be 10x10 mm to allow a maximum
divergence of 20 mrad in the horizontal and the
vertical planes. The guide entrance was set at 6 m i IE
. away from the source. Therefore, the total length of . .
4 The problem canbe | the guide would be 11.5 m. The source cross- section . |
formulated in the s is 100x120 mm and, consequently, the guide cross :
following way: how section at the entrance should be smaller then 67x80 - — s =
to design the end of ™ mm. If the cross section exceeds these limits, gaps in
the guide to obtain the angular distribution at the sample position would
@ maximum angular :ﬁpeﬂ's ide has 15 tii The shortest is 20 angular diverge
aperture for the @ The 11.5 m guide has 15 sections. The shortest is m _ i
ngutrons coming at cm long and will be placed at the end of the guide. MC ha nee (2)
% X L
the sample position, @ 10 mrad option:
in the center of the ”fl T
beam? =% = b--xiE A e ] B
o 5 7
m Optimizing guide profile m o 52 5z
s 5z 5z
Logarithmic Shape @ The guide profile was calculated to allow a maximum
super-parabolic ratio starting from a minimum constant
4 One possibility is to keep the reflection angle at a reflection angle of 1.75 mrad. Horizontal/vertical super-
constant value: arabolic ratios are 2.55 and 3.
0 =0, o lemeee o et
4 The curve having such property fulfills a logarithmic o e
equation: y [, 8 m[ * V] = E vertical - =l Horsenaia 2
Vo G N\ )| Fum E s B e H‘ MC — beam cross section (2) |
4 The resulting equation for a shows that the angular S 2 &,
aperture can be increased indefinitely while x @ 10 mrad option:
approach to 0: [ . ] ! B Iy Ve Tormomal
a=a, -6;In g & FWHM [mm] FWHM [mm]
F s R RN A T %5 oz os os  es e i = = S
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m Piecewise Design of a Focusing Guide m :
R | a— |
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At about 0.4 A the guide delivers the same divergence as the
natural collimation at 12 m. At about 0.8 A, the divergence reaches
a maximum 20 mrad. To restrict the divergence to 10 mrad, three
slits of 5 mm, 10 mm and 25 mm should be inserted at 0.5 m, 1 m
and 2.5 m respectively.
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Multiple-stage tapered guide system — the continuous mirror E - ‘ 3 @ The reﬂe_c"t)n angle of r_'e_unons crossing the
replaced with a seq of straight ] gs bea_m axis at sample posmt_:)n seems to_ be the
i H] ) main parameter for flux density maximization. The
B | e Mool collimstion at 12 ™ rofile of a focusing guide can be designed by
L otk A ? optimizing the correlatior_l bet_ween the reflection
e e T T T T T i angle and the corresponding divergence angle.
A1A] XIAT
M Design Considerations m @ The optimal solution is fully determined by the
dimensions of the guide at its entrance and at its
O As the spatial focusing effect is obtained by increasing the end. These dimensions have to be determined
angular divergences, the design of any particular instrument from other criteria.
should take into account the implicit worsening of resolution.
We should start from a desired beam cross-section at the end of @ The focusing guides can significantly increase the
the guide, which is essentially determined by the worst accepted flux density at the expense of reducing the beam
resolution. Acknowledgements: cross section. This concept works even for short
@ A controlled variation of the reflection angle along the guide can SING (SNS Instruments — Next Generation) is managed by UT-Battelle, wavelengths (1 A or less).
i istributi LLC, under contract DE-AC05-000R22725 for the U.S. Department of
be allowed in order to shape a smoother angular distribution B The Auth o % lodio th oo U s
N P nergy. The Authors wish to acknowledge the support of the U.S. . | . - |
:nlnll wavc;lengt'hh:?en:ence.bA '_ir“hl f “nl‘ The guide will s:;“ Department of Energy Office of Science under contract No. DE-AC05- o The focusin uides in_combination with a
oflow a ogarithmic shape, ut in the ollowing P’“"s." steady 960R22464. Argonne National Laboratory was supported by the U.S. convergent collimator can reduce the sampling
variation of the reflection angle, proportional to the divergence Department of Energy, Basic Energy Sciences-Material Sciences, under volume for the diffraction down to a sub-millimeter
angle, will be allowed. As the ratio between a and q will be Contract No. W-31-109-ENG-38. size, while keeping the angular acceptance to a

higher then 2, we name this kind of curves super-parabolic. high level (10-30 mrad).
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