


‘1 . Introduction

Small angle neutron scattering (SANS) is one of the main techniques which can
provide information on the size, shape, volume and interactions at distances from S to
1000 A. Such a size interval represents a unique possibility for studying a variety of
fundamental problems in biology, chemistry, polymers and materials science. SANS
instruments could be built at steady state reactors and at pulsed neutron sources. In the
latter case the time-of-flight (TOF) technique is used. SANS facilities usually used at
steady state reactors provide data over a relatively small q-range with respect to the best
resolution; whereas TOF techniques can provide a relatively wider g-range. This could be
achieved when simultaneously using the white beam, TOF technique for t-scanning and the
commonly known ®-scanning.

‘Since 1984, a small angle neutron scattering spectrometer "YuMO" (named in honour
of YuM.Ostanevich) has been successfully operating at the IBR-2 reactor in Dubna
[1,2,3]. Although the construction of the "YuMO" instrument allows the choice between
the slit or axially-symmetric geometries, preference was given to the latter. Both
calculations and experiments have shown that the choice of axxally-symmemc geometry
leads to better luminosity and resolution [4].

This paper was stimulated by a discussion, concerning the experimental program for a
SANS facility that could be used at low and high power reactors of the Egyptian Atomic
Energy Authority (EAEA) under the auspices of the co-operation agreement between
EAEA and the Joint Institute for Nuclear Research (JINR). This paper represents a
proposal for the creation of a SANS instrument at the ET-RR-1 reactor which could be
transformed to a SANS instrument for a higher power reactor.

2. Small-Angle Neutron Scattering

The earliest reference to SANS can be traced back to the end of the forties when
Huges and co-workers observed the widening of the neutron beam transmitted through a
piece of iron [5]. Now, SANS is considered one of the important methods for
investigating materials and biological objects. Information about these objects is based on
the facE that the differential scattering cross-section dX/dQ depends on the scattering
vector g

a=k-k,,
where K, and K are the neutron wave vectors before and after scattering. This coherent
process is mainly due to the interference of waves scattered by nuclei, ignoring magnetic
scattering. The dependence between q, scattering angle © and the wavelength A is given
by:
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q=4nsin(®/2)/A . (¢))]

The general theory of coherent scattering was described by Guinier and Fournet [6].
Accordingly, the total intensity of N nuclei occupying a volume Vo, including all possible
N interferences, is given by:

I(q)= 1N°<Z bbiexplig(r, -£)l> 2
g i

where bj, bj are the coherent scatt;n'ng lengths of nuclei i and J, respectively,

For the simple case where N monodisperse, homogeneous particles with intermolecular
averages independent of _ intermolecular ones are embedded in. a solvent, equation (2)
becomes: ’ '

I(q)=n S(q) W(q). ' 3)

where n is the particles density,
S(q) is the structure factor, and ,
W(q) is the average of the form factor module square.

Even such strict conditions (mdnodisperse, homogeneous)- are not enough to extract
the ‘particle shape. Fortunately, the asymptotic behaviour of W(q) is independent of
particle shape. This important case is given by the Guinier [6] relationship: :

W(@)=C? V2 exp(-q2 Rg23), O]

where C is the difference between the particle's coherent scattering lengths density and the
solvent's one, Rg is the particle radius of gyration and V its volume. Thus, one can exfract
information about the radius of gyration and, thereby, about the particle's size.

The next important case is when the values of q are much lager than the inverse of the
particle's smallest size. This leads to the Porod equation:

W(q)=2n C2 (S/V)q4, (5)

where S/V is the total area of the interface, per unit of volume, of the particle under
investigation. . ‘

It follows from (1) that the dependence of dX/dQ " via q could- be measured by
changing either the scattering angle or wave length; or both. The "YuMO" SANS facility
at the IBR-2 is based on changing, simultaneously, both the angle and wavelength .
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Fig.1.
1/. Neutron beam from the ET-RR-1 7. Railway for detector transportation
reactor .
2. Monochromator ‘ 8. Vn internal standard
3. Collimators 9. Ring-wire detector with central hole
4. Vanadium window 10. Beam catcher
5. Sample table o 11. Monitor

6. Evacuated tubes

3. The SANS Arrangement

The block diagram of the SANS arrangement is given in Fig.1. The neutron beam
from the reactor channel (1) is transmitted, after the vanadium window (4), through the
monochromator (2), where a certain wavelength range is eliminated. Such arrangement
allows varying of the wavelength range of the chopped neutron beam. Neutrons, after
the monochromator, pass through two successive collimators (3) and the first evacuated
neutron tube (6). The collimating system (3) creates the required angular resolution, and
the evacuated neutron tube reduces the neutron flux losses. The vanadium windows
(0.15 mm thick) are practically transparent for neutron wavelengths from 1to 8 A.

The sample table arrangement (5) is computerised and can accommodate up to 20
samples. Automatic control of the sample table in two co-ordinate systems gives the
possibility of adjusting the sample directly in the neutron beam: Besides, the sample table
enables accommodaion of different instruments and arrangements required for materials
science investigations at both variable pressure and temperature.

The second evacuated tube (6), also with a vanadium window, is placed just after the
sample table. It is equipped with a railway for transportation of the ring-wire detector (9).



The tube itself is fixed on a special railway which allows the angle of neutrons incidence
on the sample to be change. Such design allows studying a system in quite & wide q-range.
The possibility of having the scattering detector in the direct neutron beam (without a
sample) ensures the performance of the experiments with direct reference to the. “direct
beam”.

3.1. Absolute calibration

Such design allows using two methods for absolute calibration:

1) "Internal standard” Vn method; a very efficient procedure and could be used
without knowledge about the sample's transmission.

2) “External standard" method, where a standard scatterer is placed in the sample's
position, Here, additional experiment is required for estimation of the transmission ratio
between the sample and "external standard". The samples which could be used for
absolute calibration must have several properties: a large cross section, stable in time and
without inelastic scattermg contributions. A vanadium sample can be used for such
purpose. Vanadium is metallic, its scattering cross-section is almost incoherent with a
negligible inelastic scattering contribution. Unfortunately the vanadium cross-section is not
so high and it is more suitable as an 'internal standard'. Even then, it is placed very close to
the detector. A water sample is a very good 'external standard' as its scattering cross-
section is 20 times greater than the vanadium one. The choice of methods and samples,
required for calibration depends on whether the sample is a strong or weak scatter. The
‘internal standard' method also has the advantage that it removes the effect of long time
fluctuation in the neutron beam intensity and without additional monitoring. The additional
monitoring is only required in the case when the ‘external standard' method is used; an
additional account of the excess neutrons, before the sample table (5), is also required.

The intensity at the scattering detector, in the case of an ‘internal standard’ is given by
J,(A)= Joe(A.)T( Q)d Q

where €(A) is the scattering detector effectiveness,
T, is the sample transmission,

(E is the scattering cross-sections of a sample,
d, is the sample thickness

Q, is the solid angle

Jo is the spectrum of an incident beam

The intensity of the sample with vanadium is:

Jyis= Jstdpe TsTv( dQ)va v-

Then the scattering cross-section in "vanadium units" will be:

azy o L
aQ ), Je—Js

In the case when an "external standard" is used, equation (1) will be valid, but
additional experiment still need to be performed in order to determine the sample's
transmission. The scattering detector could be used when the neutron guide is rotated with
the scattering detector. Consequently, by determining the beam intensity with and without
the sample, its transmission could be determined. In such case, as given in external

standard units will be .
' @) _ 4
aQ ), J. I

where Jg is the intensity from the sample,
Joyx is the intensity,
Ty is the sample's transmission .

The scanning, accordmg to the scattering vector, as was mentioned above, could be
performed in two ways: varying the wavelength through the monochromator or shifting
the detector arrangement inside the neutron tube (6). The variation of the incident flux on
the sample is realised by the collimating system.

3.2. The experiment's geomeltry

One has to choose between the slit (SG) and axially-symmetric geometry
(ASG). It was found [7] that the use of ASG leads to serious improvement in the
resolution function and increases luminosity. For sht geometry, the intensity is
given by ’

J= (LiLp)2 X[XpX3Y(Y2Y3Ny do(k)/dQ, ) (6)

where X1X7X3Y1Y,Y3 is the dimension of the first and second collimators
respectively,
L is the distance between first and second collimator ,
Ly is the distance between the second collimator and the detector,
Ny is the flux incident on the sample.

In order to achieve maximum luminosity at a given resolution, the following
optimisation conditions are required:

X /L1=X3/Ly=Xo (L1 +1/Lp) ™



Lj=Ly- ®)
In the case of axial symmetric scattering eq.(1) has the following solution [4]:
L1=L2 »
Rm=2Rg »

" where Rm, Rg are the first and second collimators radii, respectively.

The explicit shape of the resolution function was calculated analytically [7]
and using the Monte-carlo simulation method [12]. The resolution could be
approximated as a Gaussian one only in that case when eq. (7) and (8) are valid.
This can be difficult in the case of a mobile detector.

For the slit geometry the resolution function is asymmetric and collimating
distortion appears. The resolution function should be more or less symmetric.
This could be realised in the case of ASG geometry, where collimation
distortion is small compared with the SG. More details about the ASG analysxs
could be found elsewhere [8].

While the slit geometry, in the Guinier-region, acquires corrections up to
70%, the ASG correction is only 1%. Both geometries have been compared
experimentally [10,12]. As a result it was found that the measuring time required
for the slit geometry is 18 times greater than that of the ASG one; provided that q
is same.

3.3 The detector system

The detector system consistsof 8 independent wire detectors enclosed in a
special arrangement filled with He gas (2.5 atm.), Ar (2.5 atm.) and CO (0.08
atm.). The detector arrangement is essentially the same as the one described
before in [9]. Its efficiency should increase 80% for thermal neutrons..The
detector system is insensitive to gamma background.

3.4. The parameters of the suggested SANS facility

Preliminary calculations were carried our for the SANS arrangement
represented in Fig.1; with a ring-wire detector, filled with 3He gas, and 8 wires
giving 80% efficiency. The results of these calculations are summarised in Table 1.

Table 1 : .
1| Thermal neutron flux at 107 n/sm2 s
the reactor channel exit
2 Thermal neutron flux on 105 n/sm2 s
the sample
3 Sample dimensions 10x5 mm
4 Q o-1
max . 0.6A
o -1
Qmin 0.01a
5 | The used wavelength range °
1-8 A
6 Resolution °
0.09 A -1
7 Space resolution 2sm
Conclusion

The present proposal presents a suitable SANS arrangement, for mvestlgatlon of
different materials .
-The suggested SANS arrangement could be further developed for use at a reactor
with flux higher than that of the ET-RR-1 reactor.
-The suggested SANS arrangement allows both the slit and axlally-symmetnc
geometries.
-The axially-symmetric geometry, combined with a ring-wire detector, = is the
preferable one as' it offers higher lummosuy with a small correction for the
resolution function.

-The methods suggested for absolute calibration allow investigation of samples with
different cross section areas.
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Maitod P.M.A. u np. E13-94-257
YcranoBka MasoyriaoBoro paccestHug HEHTPOHOB
AJISE HU3KO- ¥ BHCOKOIIOTOUMHOTO peakTopa

O6cyxpaaercsa UCMONb30BAHME YCTAHOBKA MA/I0YIJIOBOrO PACCESTHUST HEMT-
ponos Ha ET-RR-1 peakrope. I1pensiaraemas ycTaHOBKA MOXET MCIIOIb30BATh-
€S HA TAKOM THIIE PEaKTOPa, a TAKXKE HA BHICOKOMOTOUHOM H MO3BOJAET pado-
TaTh € MEJEBOH M aKCHanbHO-CMMMeTpHuHOi reomerpuei. Ilokasano, urto
aKCUATTbHO-CUMMETPHYHAS TEOMETPHS BMECTE C KOJBLUEBHIM NMPOBOJIOYHEIM Jc-
TEKTOPOM MPEANOYTUTEIBHEE 110 CBETOCH/IE M MO NOMpaBKaM (pyHKuMu paspe-
mMEHUY.

Pa6ota sunonuena B JlaSopatopuu Heiitponnoit gusnku nm. .M. Qpanka
OHSIU.

Coofenue OfbeIMHEHHOIO MHCTHUTYTA SAEPHBIX McClenosanuil. Hybua, 1994

Maayouf R.M.A. et al. E13-94-257
Small Angle Neutron Scattering Facility
for Low and High Power Reactors

The possibility of using a small angle neutron scattering (SANS) facility at
the ET-RR-1 reactor, is discussed. The type of SANS facility which could be
used at such type of reactor, and higher power one, is suggested. The suggested
arrangement allows both for slit and axially-symmetric geometries. It has been
found that the axially symmetric geometry, combined with a ring-wire detector,
is the preferable one as it offers higher luminosity and a smaller correction of
the resolution function.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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