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In 1998 the cmbined Interferometer and Ultra Small Angle Neutron
Scattering (USANS) instrument S18 at the 58 MW High Flux Reador
at the Institute Laue-Langevin in Grenolle (France) started operation.
The instrument has been upgraded to alow more alvanced neutron
optics experiments for fundamental, nuclea and condensed matter
physics. The new supermirror guide dong with the two channel cut
silicon perfed crystals, configured as an advanced high resolution
Bonse-Hart camera, provides optimal intensity condtions. A large
range of wavelengths is accesshle by variations of the Bragg angle
and by using different refleding planes of a properly cut silicon
monachromator block in combination with dfferent channel-cut
analyzer crystals. The fine aljustment analyzer system is achieved by
an advanced piezo drive, which has an acarracy of 0.036 seconds of
arc.

The basic feaures of the USANS camera, which takes advantage of a
new tail suppresson method and the results of various test
measurements concerning intensities, long term stability and the
accesble wavelength range will be presented. A high resolution
positi on sensitive detedor can either be used to analyze beam profil es
or to perform neutron radiography experiments.

1. Introduction

Due to the installation o the new supermirror guides at the 58 MW
High Flux Reador (HFR) at the Institute Laue-Langevin (ILL), the
intensity at the monachromator position hes been increased by afador
of five up to 39 x 10° n cm? s? and the signal to badkground
condtions have been improved considerably. The neutron
interferometer set-up S18 hes been upgraded to a triple aes
instrument and an advanced Bonse-Hart ultra small angle scattering
camera has been added (Kroupa € al., 1999. Both instruments use a
highly vibrationisolated opticd bench and a mommon data aquisition
system. Here we focus on recent experiments performed with the
Bonse-Hart camera (Bonse & Hart, 1965, which has been adapted to
arecently developed tail suppresson method (Agamalian, Wignall &
Triolo, 1997, Agamalian et al., 1998. This option hes also been used
for neutron tomography experiments (Biermann, 1998. A diagram of
the ultra small angle scatering setup is $own in figure 1. After two
yeas of re-designing and re-buil ding the instrument, in April 1998the
new set-up started operation. Severa test measurements have been
dore in the field of ultra small angle neutron scettering and reutron
interferometry.

2. Theinstrument

The esentia parts of the mmbined USANS and interferometer
instrument are placel uponan opticd bench, which isisolated against
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Figurel
Schematic view of the Bonse-Hart camera & the S18 instrument.

vibrations by a system of springs and dl dampers. The remaining
accéeration from vibrations is lessthan 10° m/s?. The temperature in
the instrumental areais controlled by an infra-red heaing system.

The temperature adieved is 28°C with a stability of +/-0.1°C. These
vibration isolation and temperature stabili zing systems are anecessty
for interferometer experiments, while the USANS measurements also
are stabilized. The monochromator is placal dredly behind the
supermirror guide H25, which provides a large divergence of the
beam and therefore provides considerably higher intensiti es compared
to the previous st-up. Due to the possbility to rotate the whole
instrument from 30° to 150 around the monochromator axis, a wide
range of wavelengths is accessble by variations of the Bragg angle
and by using different refleding planes of a properly designed silicon
monachromator block. For high resolution USANS applicdions
advanced channel cut crystals, which take alvantage of the new tail
suppresson method, can be used as both monochromator and analyzer
crystals. The fine ajustment system of the analyzer axis is achieved
by an advanced piezo drive with an angular adjustment range of +/-3.2
degrees and is controlled by an incremental encoder with an acarracy
of 0.036semnds of arc.

Samples and sample eavironment equipment, like ayostats, magnetic
coils, etc. can be introduced between the channel-cut crystals and ke
adjusted through suppats from a separate sample platform mourted
above the opticd bench. Charaderistic parameters of the instrument
are summarized in table 1.

The instrument eledronics, including the motor controllers for up to
50 stepper motors, the canacreadou system, the piezd drive and the
vibration damping system are mntrolled by five networking persona
computers. Most of the stepper motors have been equipped with high
resolution absolute angle and pasition encoders.

A high resolution pgsition sensitive detedor with a resolution o
~100 um (Dietze, Felber, Raum & Rausch, 1996 can be used to
analyze beam profil es, for radiographic experiments or, together with
the Bonse-Hart camera, to perform diffradion enhanced imaging
experiments.

3. Test measurements

Various test measurements concerning intensity, resolution, stability
and flexibility of the USANS set-up have been performed. Figure 2
shows a typicd ultra small angle scatering pattern from a silicon
waver having periodic holes with depth of 100 micrometers and a
repeding distance d of 3.5 micrometers. Up to twelve interference
orders have been olserved in reasonable measuring time. The
measured scatering angle between the interference pe&ks shows
excdlent agreament with A® =2/ d.



Tablel
Typicd parameters of the new S18 interferometer and USANS set-up.

1. Monochromator axis
Two crystals mourted on acomputer controlled suppat

Type sili con bloc perfed crystal

Refleding planes [111],[2201,[113,[115,[117],[331],[339,[551],[400
Wavelength range 06A<r<5A

Bragg ange range 20° < 9g < 55°

Type sili con channel-cut perfed crystal:

Refleding planes triple-bounce [220] Bragg refledion with tail suppresson
Wavelength range 16A<n<29A

Bragg angle range 25° < 9g< 50°

Beam area ~2x4cn?

2. Analyzer axisin Bonse-Hart camera configuration
Seondsili con chanrel-cut perfed crystal

Type sili con channel-cut perfed crystal

Refleding plane triple-bounce [220] Bragg refledion with tail suppresson
Pe& intensity 10 000n cm?s?

Anguar resolution 0.01" (0.04" with absolute encoder)

Momentum resolution 1510° At

Signal to background ratio  10°

3. Analyzer axesin singlereflection double crystal diffractometer
configuration

Seoondsili con chanrel-cut perfed crystal
type [111], [220, [33] sinde Braggrefledion
Pe& intensity Depends on used refledion (e.g. [220] ~ 16 000n cm?s™)

Anguar resolution 0.01" (0.04" with absolute encoder)
Bean area ~4x 4o

4. Analyzer axesin Interferometer configuration

Large perfed S crystal interferometers of different designs (symnetric, skew
Symiretric)

Coherent bean-separation  2-5cm
Enclosed area up to 25¢m?
path lengths 14 — 21cm

Performance of a [220] skew symnetric interferometer at 1.84 A with beam area
1x1 em?

flux in front of interferometer 16000n cm?st

fluxin O+H beams 6000n cm2st

contrast in O beam >73%

Wavelength spread AML = 2.4 % (FWHM)
beam divergence 0.75°

The ontrast of the interference peaks depends on the scattering length
density difference between the Si-matrix and the material inside the
holes. This difference ca be varied by different D,O-H,O mixtures
into which the silicon structure has been pu. Figure 3 shows the
observed intensity variation o the first order pek.

To demonstrate the resolution limits of the new instrument regarding
the low end, e.g. the smallest observable sizes of structures and the
small scatering probability, measurements have been performed on
Liposomes containing either Probiol Tocopheryl Acdate and Probiol
Vitamin A Acetate. Both samples have been provided by KUHS
GmbH & Co. Laboratorien, Lorracdh-Hanningen. Figure 4 shows the
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Figure2

Scatering pattern of a periodic silicon lattice showing twelve interference
peaks.

; ; ; ;
100004 o 100% D20
<7 56,6% H 20
o 10005 \ 4 59,8% H20 |3
2 b
S, \ —m—61,8% H20
>
& 1004 L% —o—63,8% H20 |3
c
2 W \D —5—100% H20
- 104 A / R i
% ? R, ¢ N\ m A
N/ n/a\\ A”AL \<A>"<§‘\A'\\A/A><
1] :g.ﬁ!f) §
8 9 10 11 12 13 14 15 16 17
A© [arcsec]
Figure3

First order peak intensities of a Si structure embedded into a H,O-D,O
mixture.

Table?2
Results of solution scattering on Liposome samples

Sample sizgnm]  Rnm]  R[nm] 1(0)
VitA Acetat 180(70) 15717) 202 1,62(15)
Tocopheryl Acetat  150(40) 12811) 165 2,61(16)

results of both measurements, in which, as remarkable, the low
forward scatering probability of Pg(0)=10° is to be mentioned. The
forward scatering probability is defined by (Amenitsch, Rauch &
Seidl, 1999:

Ps(0) = 1(0) AQmin / ( T+ TSC),

where ¢ and T; are the integrated intensities of the scatered and
transmitted neutrons, respedively.

The dimensions of the Liposomes were estimated by the Guinier-
approximation, e.g. Guinier (1939. As given in Table 2, the results
concerning the particle size show reasonable agreament with the size
given by the supdier and which has been determined by Laser Light
Scattering.
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Figure4
USANS measurements with Liposomes: Psc(0)~107.

In order to show the flexibility of the S18 set-up, Diffradion
Enhanced Imaging (DEI) has been tested (Podurets, Somenkov &
Shil“shtein, 1989. As atest sample aglasscylinder with a diameter of
5 mm has been used as an oljed. Figure 5 shows the standard
transmisgon image with a maximum contrast of 20%. This contrast
can beincreased by using the diffradion enhanced imaging technique.
For that purpose the analyzer crystal of the Bonse-Hart camera has
been inserted between the sample and the position sensitive detedor.
The analyzer crystal has been pasitioned in the pes of the rocking
curve for the central pesk image. For the left and right wing images
the analyzer crystal has been turned to the left and right slope of the
rocking curve & the full width at half maximum postion, e.g.
Chapman et a. (1997. The results of the diffradion enhanced
imaging technique ae presented in figure 6. As can be seen, the
contrast of the images increases to more than 90% in the left and right
wing images. This means, that structures, which are hardly seen in
ordinary transmisson images, can be made dealy visible by using
thistechnique.

4. Summary

The ombined USANS and interferometer set-up S18is now realy for
operation and it shows considerable improvements compared to the
previous instrument. The intensity is increased by a fador of five and
the signal to badgroundratio of 10° isimproved.

The flexibility of the new instrument has been demonstrated by the
presented measurements. The solution scatering experiments with
low forward scatering probability show that time resolved
measurements could also be caried ou. Studies on periodic
concensed matter structures showed the expeded interference pedks
for twelve orders, and even more wmuld be adieved. The imaging
techniques in combination with the USANS setup also produced
satisfying results and will be developed further. Future diffracion
enhanced imaging studies, utilizing magnetic field gradients or, in
combination with tomographic techniques, will i mage internal domain
structures of ferromagnets.

The combined USANS and interferometer instrument S18 is operated
as a CRG-C instrument, which means that it is owned by the
Atomingtitut in Vienna and access for externa users has to be
arranged through this channel.

Figure5
Transmisson image of a glasscylinder: maximum contrast~20%
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Figure 6a
DEI at peak position with contrast ~80%
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Figure 6b
DEI at right wing with contrast ~90%
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Figure 6¢
Calculated DEI Refradion image: Ir =l w-Irw
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