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Abstract

The technical data of the Triple Axis Neutron Spectrometer installed at the 3 MW
TRIGA Mark II research reactor has been described. These are the reference data required
for the operation, maintenance and use of the spectrometer. The detail information of the
installation of the spectrometer has been given. Radiation safety features of the
spectrometer and around the radial piercing beam port (where the spectrometer is
installed) are described elaborately. The quality test experiments and the performance of
the spectrometer as found from these tests are also described.
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1. Introduction
Commissioning of the TRIGA Mark 11 research reactor at the Atomic Energy

Research Establishment, Savar is an important milestone for the promotion of science and
technology in Bangladesh. The principal aim of installing the reactor is to create facilities
for advanced research using neutrons as well as radioisotope production and training of
researchers and students. The reactor became critical on 14 September, 1986 and the
maximum attainable power level of the reactor is 3MW (thermal) providing a maximum
thermal neutron flux of 6.87x1013 neutrons/cm2/sec. The reactor caters facilities for
neutron beam research through its four beam tubes of which two are radial, one is radial
piercing and the other is tangential. The installation of a Triple Axis Neutron
Spectrometer (TAS) at the radial piercing beam port of the reactor is another important
breakthrough that has opened the door of most modern material research opportunity in
the country using the neutron beam from the reactor. This spectrometer was built in
Bhabha Atomic Research Centre (BARC), India and procured under the technical
assistance of International Atomic Energy Agency (IAEA), Vienna, Austria. The
spectrometer provides neutron scattering research facility not only to the scientists of
Bangladesh Atomic Energy Commission (BAEC) but also to the teachers and students of
all the universities as well as researchers from other institutes of the country.

2. Fundamentals of Neutron Scattering
Neutron scattering is a well established and important technique for understanding

the structure and dynamics of condensed matter and is widely used in physics, chemistry,
biology, materials science and engineering. It is the most versatile technique for scientific
and technical applications, particularly for relating the bulk properties to the microscopic
structure and dynamics for the development of new materials. The technique is also
useful in quality assurance of manufactured products, optimization of process parameters
and also in the study of texture, fatigue and stress phenomena. These aspects are
particularly important for assisting manufacturing industries and to increase added value
to indigenous raw materials.

As a tool for the characterization of materials, thermal neutrons offer several
unique advantages over other probes such as protons, electrons or X-rays. The range of
wavelengths and energies covered by thermal neutrons corresponds to the interatomic
distances and the lattice vibration energies in the crystalline materials. The magnetic
moment of the neutron makes it a unique probe of magnetism on an atomic scale, since
neutrons are scattered from the magnetic moments associated with the unpaired electron
spins in magnetic samples. Thermal neutrons for condensed matter research are usually
obtained by slowing down energetic neutrons produced through nuclear chain reactions in
nuclear reactors. Various types of neutron spectrometers are employed for neutron
scattering experiments at the reactor sites.

3. Properties of Neutron
The unique properties of neutrons as regards to their penetration and ability to

distinguish isotopes have made neutron scattering a very formidable technique in the
study of materials in its different perspectives. Neutron is an elementary particle
characterized by a mass 1.6675X10"27 kg, spin V2, magnetic moment -1.913 nuclear
magneton, zero electrical charge and life time 10.68 ±0.13 minute. The important
characteristics which make neutron a very unique probe for the study of materials are:

1. The absorption coefficient of solids for neutrons is so small that the loss of intensity
by transmission through a few millimeters of constructional materials such as steel or
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aluminium is negligible. This makes possible to construct cryostats, furnaces, pressure
vessels and the like to study samples under different environments without much loss
of intensity.

2. The wavelength of thermal neutrons is of the same order of magnitude as the inter-
atomic distance. Thus significant interference effects are produced between waves
elastically or inelastically scattered from different scattering centers.

3. The wavelengths of neutrons can be varied over quite a large range to suit a desired
length scale from a fraction of angstrom to few order of magnitudes using hot and
cold moderators.

4. The most important and the unique property of neutron is that it is endowed with
magnetic moment. Thus by virtue of its magnetic moment it can interact magnetically
and is capable of giving the details of the magnetic structure of materials.

5. The average energy of thermal neutrons is comparable to the energy of atomic
vibrations, magnetic excitations, molecular rotations etc. Hence neutrons can be used
to measure energy of various excitations in solids and liquids from the change in
neutron energy in the course of scattering from solids or liquids.

6. The scattering cross sections of neutrons for different elements differ in a random
manner. Therefore, locations of atoms with close atomic numbers and even isotopes
in alloys and other compounds can be identified by neutron scattering

7. It has no charge and its absorption in most of the elements is low, therefore, it can
penetrate deeply into the bulk matter. This makes neutrons a good probe for the study
of bulk or volume properties of matter.

8. The scattering amplitude of neutrons from the nucleus does not show any variation
with angle and has no form factor dependence. On the other hand, in the case of X-
rays one has to deal with form factor problems.

4. Triple Axis Neutron Spectrometer (TAS) at TRIGA Mark II reactor
TAS is a general purpose spectrometer and it can be used for carrying out a

variety of measurements covering elastic as well as inelastic scattering with the energy of
incoming/outgoing neutrons selectable over a wide range. The possible uses of TAS are:
-Neutron diffraction from powders and liquids.
-Measurement of textures and internal strains in metals and alloys.
-Small angle neutron scattering from various materials.
-Inelastic neutron scattering to derive phonon/magnon dispersion curves and density of
states of solids.
The programs available on the control system allow the users to operate the instrument in
constant momentum transfer or constant energy transfer or any general mode in (Q, со)
space.

4.1 Installation of TAS
Fig. 1 shows the arrangement of the four beam tubes in the cross-sectional view of

the reactor. Out of the four beam ports of the TRIGA Mark II research reactor of AERE,
Savar, Dhaka two are radial, one is radial piercing and the other is tangential. The radial
piercing beam port terminates at the reflector of the reactor core. Considering the
necessity of high flux, TAS has been installed at the radial piercing beam port since the
neutron flux is higher at this port than that of the others.



INST-94/RNPD-17

LEAD LINED
GRAPHITE REFLECTOR

RADIAL
M PORT

RADIAL PIERCING
BEAM PORT

STEEL SHADOW
SHIELD

TANGENTIAL
BEAM PORT

Fig. 1. Cut-way view of the TRJGA Mark II reactor showing the four beam tube
facilities.
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(e) (f)

Fig. 2. (a) Installation of the base plate, (b) the base plate along with the yoke
assembly stand, (c) installation of the middle rotating drum and central
pillar, (d) fixing of the monochromator axis and monochromator, (e) TAS
in completely assembled form and (0 intelligence Motor Drive Interface
(IMDI) and data acquisition system of TAS at the control room.



INST-94/RNPD-17

(а)

(b)

Fig.3. (a) Demonstration of TAS to the then chairman, BAEC (3 n l from the right)
after installation and (b) sample mounting to the sample table of TAS and
discussion among the scientists
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The installation of TAS was started in June, 1992 and was completed in few
months. The installation work was done by the scientists of the neutron scattering group
of BAEC with the help and advice from an engineer of BARC, India, the supplier of
TAS. Necessary technical support for the installation work was provided by the Central
Engineering Facility (CEF) and Reactor Operation and Maintenance Unit (ROMU). Fig.
2 (a) to (d) show the several phases of the installation process of TAS. Fig. 2(e) shows the
TAS in completely assembled state and Fig. 2(f) shows the electronic control system
(IMDI and data acquisition system) of TAS located in the nearby control room for TAS.
Fig. 3 (a) shows a demonstration to the then Chairman of BAEC, Dr. M. A. Mannan after
installation. Sample mounting to the sample table of TAS and discussion among the
scientists of the neutron scattering group about an experiment are shown in Fig. 3 (b).

5. Different hardware assemblies of TAS
The detail description of different hardware assemblies of TAS are given in the

Hardware Reference Manual of TAS [1] and only a brief description is provided here.
The schematic diagram of TAS along with the control room for TAS has been shown in
Fig. 4. A vertical sectional view of TAS has been provided in Fig. 5 showing the
locations of different assemblies together with their heights from the floor. TAS has the
following assemblies:
1) First axis assembly
2) Second axis assembly
3) Third axis assembly
4) Detector shielding and detector
5) Collimator
6) Yoke assembly
7) Beam stop

The TAS, as the name implies has three axes around which the spectrometer
operates. The first axis, surrounded by a rotating massive shielding drum, carries a
monochromating crystal (usually a large single crystal), which is suspended from the top.
The second axis has a platform for carrying samples in suitable environments consisting
of a sample table and a cantilever, which is coupled with the first axis. The third axis is
meant to carry an analyzer crystal on a platform known as analyzer table, which is
coupled with the second axis with a cantilever. The detector arm consisting of a detector
shield is in turn coupled to the analyzer table. The rotational movement of each axis is
accomplished by a drive system consisting of stepper motors, and reduction gear and the
movement is sensed through an optical encoder coupled to the drive shaft. There are a
number of collimators at different positions with different lengths and divergences to
cater the needs of experimenters. By suitable configuration of collimators all along the
path of neutrons, that is, between reactor and monochromator, monochromator and
sample, sample and analyzer and also the scattering geometry one can change the angular
and energy resolution of the spectrometer to carry out different types of measurements.
Besides the three axes assemblies the spectrometer consists of a beam stop and a yoke
assembly. The beam stop is positioned manually on the floor at the line of direct beam
from the monochromator exit. It is a shield block, which absorbs all the transmitted
portion of the monochromatic neutron beam. The yoke assembly is present in between
the reactor face and the monochromator drum. Basically it is a shield block with a
horizontal central circular opening at the required height through which neutron beam
passes.
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ее

D

Шп;

1300 1525 750

Al, A2 & A3 => First Axis, Second Axis and Third Axis respectively.
M => Monochromator
MD => Monochromator Drum
** All the measurements are in mm.

ST
AT
D

650

Sample Table
Analyzer Table
Detector

Fig. 5. Vertical sectional view of TAS showing its axes assemblies.

402

о



INST-94/RNPD-17

The hetero energetic neutron beam (white neutron beam) emanating from the
reactor falls on a single crystal (monochromator), oriented in appropriate manner at an
angle (9n)) with respect to this incident neutron beam direction. Monochromatic neutrons
are obtained through Bragg reflection from the monochromator along a particular
direction defined by 20m. Corresponding to this, the crystal is said to have a Bragg
orientation. The monochromatic beam of neutrons is incident on the sample under study
placed at the sample table of the second axis. The neutrons are scattered by sample in all
directions and the experiment generally involves a study of scattered intensity as a
function of the sample orientation and scattering angle. The information on the structure
of the materials is obtainable from distribution of scattered intensity as a function of
scattering angle. The neutrons scattered in any particular direction have generally some
information on the dynamics of the sample and this manifests itself through changes in
the energy of neutrons. Presence of such groups of neutrons having different energy can
be detected using an analyzing crystal at the third axis, which functions in a way similar
to the monochromator crystal at the first axis.

A BF3 or 3He detector housed in the detector shield is used to detect neutron
signal. To keep track of variations in the intensity of the incident monochromatic neutron
beam, a low efficiency neutron detector is placed in its path. By keeping track of the
number of neutrons detected by this device, the signal counts get normalized
automatically for possible fluctuation in the monochromatic neutron beam intensity. The
various parameters of the spectrometer and their accessible ranges/values have been listed
in table I.

6. The Control System of TAS
The intensities in neutron crystal spectrometry are very low when compared to the

optical or X-ray counter parts. Therefore, for effective utilization of the reactor time, data
acquisition has to be a round the clock process and movements from one position to the
next has to be as fast as possible. Taking these aspects into account, the drives mounted
on the spectrometer, are controlled by Intelligent Motor Drive Interface (IMDI) unit and
the recording of data is accomplished by means of an electronic data acquisition system.
The status of different drives is displayed on the status monitor of the IMDI, which
facilitates the experimenter to know the position and current status of the movement of
each drive together with the type of error that may occur during movement of the drive.
It also displays the count down of the set values for the incident neutrons to record the
detector counts at a particular position. The over all control of the spectrometer is done by
an on-line PC interfaced with the IMDI and in turn with data acquisition system through
serial channels. The computer runs the high level software structure while the IMDI runs
the lower level controls. The detail information on the control system, is available in the
1MD1 manual of TAS [2]. A brief description of the control system of the spectrometer
system is as follows:

6.1 The IMDI Unit
The IMDI consists of an AC motor controller, a row of DC motor controllers and

an IBM-PC mother board based control unit with specially designed priority interrupt
controller (PIC) housing and power supplies for this sub-module. The IBM-PC mother
board contains an Intel 8088 compatible processor, one RS232C serial port and enough
memory to hold the control programs. The PIC-card contains the monitor and signal
channels, the parallel ports for the field, temperature, and pressure inputs. The PIC
interrupts control electronics for counting the forward, backward and reference pulse.



INST-94/RNPD-17

Table 1: Technical Data of Triple Axis Neutron Spectrometer located at the radial
piercing beam port of TRIGA mark II research reactor, AERE, Savar

Parameters Range/Values of the parameters

Monochromator angle

Scattering angle

Analyzer angle

Sample orientation

Minimum accessible scanning
step

Monochromator/Analyzer
crystals available

Silicon filter

Neutron beam height from
sample table

Maximum allowable load to
the sample table

Height of neutron beam from
the ground level

Monitor

Detector

Control system

0° < 9M < 60°

-90° <20 < 110°

-5° < 2GA < 120°

0° < ф < 360°

0.01 degree

Cu (HI): 150x50x10mm 3

Cu (002): 200x75x12 mm3

PG (002): 75 x 50 x 4 mm3

Si (111): 80 (dia.)x6 mm2

50.3 (dia.) x 205 mm2

305 mm

300 kg

1000 mm

BF3 and He3: 10 mm dia. and 100 mm long

BF3 and He3: 51 mm dia and 150 mm long

PC controlled via Intelligence Motor Drive Unit
and Data Acquisition System

6.2 IMDIStatus Monitor
This is a 12 inch monochrome monitor mounted on the top of the IMDI unit that

continuously displays the status of the motors, the monitor and signal channels, and the
field, temperature, pressure, and auxiliary ports connected to the system. It also displays
error conditions like limit reaching, PC link failure, etc.
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6.3 The Data Acquisition System
Neutron beams from a nuclear reactor have small fluctuations in time and,

therefore, it is necessary to correct for these fluctuation in an automatic manner. This is
usually done using a very thin detector/counter which samples a portion of the neutron
beam giving counts that are proportional to the total number of neutrons incident on the
sample under study. The pulses from this monitor detector are suitably amplified,
discriminated for background and then used for normalizing the signal counts. On the
signal side similarly there is an electronic counting system consisting of preamplifier,
linear amplifier, high voltage supply and a discriminator to operate the detector at the
required bias and plateau level.

6.4 The On-line PC System
The user interface for the data acquisition and control system is provided by an

IBM PC compatible work station. A set of FORTRAN callable library routines is
provided along with the system. These routines facilitate positioning of the spectrometer,
reading the parallel ports, initiating counting in the monitor and signal channels, etc. Any
of these could be used for developing the spectrometer experimentation software. The
details about this are available in the Software reference manual [3].

7. Sample Environment Control Devices for TAS
Efforts are going on to establish all the infra-structural facilities to cater the needs

for doing experiments with TAS under various sample environments. Presently, a liquid
helium orange cryostat is available for on-line cooling of samples for the studies of
magnetic structures as well as crystallographic and magnetic phase transitions in various
materials. Due to non-availability of liquid helium the cryostat is presently usable to
collect neutron data down to 77K using liquid nitrogen.

8. Data Analysis Software
Several versions of the most popular Rietveld's analysis computer codes such as

DBWS [4], Hewat [5], FullProf [6], Rietan [7], GSAS [8] are available for the analysis of
powder neutron diffraction data for the determination of both the crystalline and
magnetic structures of samples. A large variety of software are also available for the
simulation of Small Angle Neutron Scattering (SANS) distribution for different
composites under different conditions and environments and also for the reduction and
analysis of SANS data. A number of software such as ORIGIN, S1GMAPL0T,
POWDERCELL etc. are available for various types of plotting of the results obtained
from neutron data as well as drawing of the three dimensional crystal structures.

9. Radiation Safety Features of TAS
The shutter of the radial piercing beam port normally remains closed by a shutter.

The shutter is opened during experiment.

9.1 Inbuilt shielding of TAS
The triple axis neutron spectrometer receives the neutron beam directly from the

reactor beam hole. Adequate shielding all around the spectrometer is therefore very
important to minimize radiation exposure to personnel working around the spectrometer.
Firstly, the shielding arrangement of the monochromator drum has to be such that all the
unwanted portions of the reactor beam, except the monochromatic beam taken out
through an exit, have to be totally absorbed. This is necessary for unrestricted personnel
movement in the area and for the reduction in neutron background at the detector. The

11
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reactor beam comprises of gamma rays, fast neutrons and thermal neutrons. The shielding
in the monochromator drum consists of lead for attenuating gamma rays, steel for
attenuating epithermal neutrons partly, boron carbide for absorbing slow neutrons and
borated paraffin wax for slowing down fast neutrons and subsequent capture.

As can be seen from Fig.4, it is in this drum in which the full blast of neutron beam
from the reactor is received. Lead, melted and cast into an appropriate shape around the
monochromator crystal area of this drum attenuates gamma rays initially. Nearly 15cm of
lead has been provided for this purpose in that area. Regarding epithermal neutron
component, the philosophy of slowing down in paraffin wax and subsequent capture by
boric acid has been utilized. For this purpose middle rotating drum has been divided into
several concentric compartments and borated paraffin wax is filled in these compartments
in a suitably staggered manner. The proportion of wax and boric acid in the mixture is
nearly of 3:1. Structural rigidity of the drum is achieved by using stiffeners on the lower
part and by using gussets as supports for the lead chamber. Lead shielding is provided at
the periphery as well for shielding secondary gamma rays. Separate compartment at beam
level consisting only of boron carbide has also been provided to bring down the thermal
neutrons to near zero level at the periphery of this drum. This middle rotating drum is
mated with the reactor surface using a suitably shaped yoke which is a steel chamber
filled with borated paraffin.

The shielding material in the top stationary shield of the monochromator drum
consists mainly of borated paraffin wax. Middle rotating drum and the top stationary
shield are 200cms in diameter. A minimum shielding with nearly 80cm of material along
all direction with respect to the monochromating crystal, has been provided.

A beam stop is present in the beam line of TAS to stop the monochromated neutron
beam surpassing the sample on the sample table. It also contains mainly borated paraffin
wax.

9.2 Additional Shielding Around TAS and Control Room
A shielding block with dimension 110cmx51cmx 105cm has been placed after the

monochromator drum and on the line of the direct beam from the reactor with a view to
stop any leakage of neutron through the monochromator drum. Another shielding block
of 50cmx50cmx20cm size has been put on the monochromated beam line in between the
monochromator drum and the sample table with a central aperture of size 2cmx6cm for
the monochromated neutron beam to be incident on the sample, This block has been put
to make the monochromated neutron beam narrower and sharper and to reduce the
background due to secondary scattering.

In order to stop any possible leakage of radiation grazing the Yoke assembly of
TAS additional shielding has been provided on both sides of it by making a wall with
llmenite-Magnetite concrete (I-M concrete) shielding bricks with thickness about 65cm
and appropriate length and height. The ratio of cement, I-M sand and stone chips in the I-
M concrete bricks is 36:100:100. The I-M sand is a mixture of 20% ordinary sand, 40%
ilmenite and 40% magnetite. The absorption coefficient of 1-M concrete for neutrons has
been found to be higher (sO.0911 cm"1) than that of the ordinary concrete (=0.0878 cm'1).
I-M concrete shielding wall has also been provided around the three sides of the
spectrometer control room (made up of glass panel) facing the reactor to bring down the
radiation level to the permissible limit for continuous working of the personnel engaged
in doing experiments. The height of the wall is 170cm and the thickness is 26cm on the
front face and 13cm on the side faces.

12
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Fig. 6. Radiation dose levels at different location of TAS and its control room when
the reactor operates at 3MW.
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9.3 Safety Aspects of Working Personnel
All experimenters and other personnel who are authorized to work at the reactor

should ensure that the safety procedures and guide lines are followed properly at all times
for the sake of health and safety of everyone at the reactor. The experimenters are
responsible for performing their experiments and operation and maintenance of the
equipment conforming to safety standards and for furnishing all information required for
safety reviews.

With all the shielding arrangements discussed above the radiation level around the
spectrometer and in the control room has been significantly reduced. The dose level
recorded at different location of the spectrometer and the control room during the
operation of the reactor at the highest power, 3MW, has been shown in Fig. 6. The dose
rates at most of the locations are approximately within the permissible level for the
personnel working around the spectrometer.

For experiment in TAS, sample is usually mounted when the reactor is not in
operation. Sample mounting or sample changing if required during reactor operation is
done keeping the beam port shutter closed. Furthermore, for an experienced experimenter
the time required for this work is not more than few minutes. Once the sample is
mounted, the operation of the spectrometer i. e., movement of the detector and different
axes and recording of data is automatically accomplished by the on-line computer via the
IMDI and data acquisition system inside the control room. Thus one needs not to hang
around the spectrometer during the entire experimental period. The radiation dose inside
the control room is very low (See Fig. 6). Again it is not essential to stay all the time in
the control room since the experiment is programmed on the on-line computer and it is
carried out automatically. Thus the risk of radiation exposure for the experimenters and
other working personnel is very low.

All samples and materials at the end of the experiment should be checked for the
radioactivity level and should not be allowed to take out of the reactor hall unless the
radioactivity drops down to the permissible level. The radiation controlling personnel
from the Radiation Monitoring and Waste Management Laboratory of INST should
provide necessary help in this regard. Certain toxic and inflammable chemicals and
materials, explosive gases etc. are not allowed in the reactor hall.

10. Performance Test of TAS
After installation, the performance of TAS was tested by determining the zero-

Bragg-angle position of the monochromator and the zero-position of the detector
(Spectrometer zero line) and then performing neutron diffraction on a standard aluminium
sample with this set-up and checking the reproducibility of diffraction pattern by the
spectrometer.

10.1 Zero-Bragg-Angle and wavelength of mononchromatic neutron beam
The monochromator used during installation was Cu (002) single crystal with a d-

spacing of 1.81 Á. The zero-Bragg-angle position of the monochromator is the position at
which (002) plane of this crystal is correctly oriented with respect to a particular
wavelength of the incident neutron beam from the reactor for Bragg reflection. At this
position the intensity of the reflected beam for a particular neutron wavelength is the
highest. The correct zero-Bragg-angle position (0) for this monochromator was found out
from the rocking curve for the crystal obtained by plotting the measured neutron intensity
vs. crystal orientation keeping the detector at a fixed position (29). Fig. 7(a) shows the
rocking curve for the Cu (002) monochromator in TAS. Deducting the 6° offset of the

14
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first axis the zero-Bragg-angle position is 20°. Thus the wavelength of the
mononchromatic neutron beam with this geometry of the monochromator is 1.24 Á.

10.2 Spectrometer zero-line
The spectrometer zero-line corresponds to the direction of the incident neutron

beam and is the reference line for all positional measurements since the angular positions
of the diffraction lines are measured with respect to this line. The Bragg angle (9), the
angle between the incident beam and the net reflecting plane of the crystal, can not be
measured experimentally. What is measured experimentally is the angle between the
incident beam and the diffracted beam which is twice the Bragg angle and is known as the
scattering angle (29). The approximate zero-line of the spectrometer was found to be
359.95° from the plot of the intensity as a function of the scattering angle obtained by
scanning the detector around the second axis with the monochromator at the zero-Bragg-
angle position. Fig. 7(b) shows zero-Bragg angle rocking curve.

10.3 Reproducibility test of diffraction pattern by TAS
Aluminium is considered as an ideal standard sample to study the performance of

a diffractometer. Aluminium has a fee structure and it belongs to the space group Fm3m.
It has a cubic close packing array with 4 atoms per unit cell located at the positions

4a: (000), F. С
As a part of the performance test of TAS diffraction run was taken on a standard

aluminium sample at 3MW power level of the reactor. The neutron wavelength used in
the experiment was 1.24 Á corresponding to (002) reflection of the copper
monochromator set at a take-off angle of 20°. The collected data were analyzed in the
Rietveld method. Fig. 8 shows the aluminium pattern taken with TAS. An excellent
reproducibility of the Bragg peaks is obvious from this figure. The agreement between the
observed and calculated patterns is quite satisfactory. The measured value of the lattice
parameter of the sample is in good agreement with that quoted in literature [9]. Thus the
performance test with standard sample reveals that the spectrometer reproduces the
scattering data very well.

11. Experimental Facilities with TAS
The triple axis neutron spectrometer is a versatile machine that can be used for

measurements of inelastic as well as elastic scattering phenomena for condensed matter
research. The family of neutron scattering technique mostly consists of
a. Neutron Diffraction
b. Small Angle Neutron Scattering (SANS)
с Inelastic Neutron Scattering
However, presently the measurements using TAS are limited to elastic scattering
comprising the first two methods only. Upon up-gradation of the reactor flux inelastic
scattering measurement will be planned with TAS in future. The following research work
has already been carried out with TAS.

11.1 Neutron Diffraction
The diffraction technique can be employed for a variety of applications such as

determination of crystal and magnetic structures, measurements of residual stress and
texture in solids etc. Polarized neutron diffraction from magnetic materials provides
information of moment density. Substitutional and interstitial defects and small clusters
can be studied with diffuse scattering because then the fluctuations due to the impurities
will show up between Bragg peaks.
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1.678

25.0 36.4 47.8 59.2 70.6 82.0

Two theta (degree)

Rietveld Analysis of Aluminum

Fig. 8. Neutron diffraction pattern of standard aluminium sample taken with TAS.
The dots represent the observed data and the solid line represents the
calculated pattern in the Rietveld refinements.
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11.2 Small Angle Neutron Scattering
With some adaptation SANS experiment is possible on TAS to a limited scale in

the double crystal method known as Bonse and Hart's technique.

Principle of Bonse and Hart's method
The Bonse and Hart's technique, uses double crystal diffraction. That is, this

technique involves Bragg reflecting neutron beam from two nearly perfect crystals
aligned in the parallel configuration (Fig.9). In this configuration, the intensity
distribution (rocking curve) of the doubly reflected beam as a function of rotation angle of
the second crystal depends on the mosaic spreads of the two crystals. That is, it is possible
to have a rocking curve whose width is about a minute of an arc even if the incident beam
has large angular divergence. To study SANS from a sample, the sample is kept between
the two crystals and one repeats the measurements of the rocking curve. The changes in
the rocking curve with the insertion of sample provides SANS distribution from the
sample. The technical data for adaptation of TAS for SANS measurements are given in
Table 2.

1525 mm'

Cu(002)
Monochromator

Л

750 mm

Si (111)
1st Crystal

\/

Si (111) Detector
2nd Crystal

Fig. 9. Block diagram of the SANS set-up
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Table 2: Technical Data for Adaptation of TAS for SANS Experiments

Existing monochromator of the TAS

Two Silicon (111) crystals

Separation of two crystals

Two Soller Collimators

Neutron Wavelength

Beam size

: Cu (002)

-.ml: Installed on the 2na and 3rd axes of
TAS

: 75 cm

: One in front of existing Cu(002) and
other in between 2nd and detector

: 1.2368 A

: 2.0 cm diameter

Width of the rocking curve for first crystal : 0.50 degree

Width of the rocking curve when two : 0.04 degree
crystal in parallel position

Minimum Qn,¡n available for the set-up : 0.0016 Á"1

12. Conclusions
Neutron scattering techniques are employed to study the properties of matter for

improving its quality as well as producing commercially valuable new materials. There
are number of plastic, steel, ceramic industries in Bangladesh. The different properties
like structure and texture of those industrial products may be studied by this technique to
improve their quality. This facility has also a great role in the academic program to
facilitate the higher studies and research in the country. University students and teachers
would be able to use this facility for their academic research. This type of research work
will contribute to the understanding and development of basic science of nature and
ultimately that will play an important role towards peaceful uses of atomic energy.
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