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Abstract. Inter University Consortium for Department of Atomic Energy Facilities
(IUC-DAEF) is an autonomous institute of the University Grants Commission and provides an interface between the university fraternity and the institutions of Department of
Atomic Energy. Mumbai Centre of IUC-DAEF promotes and supports the use of neutron
facilities at Dhruva reactor by the university scientists. To augment the existing neutron
scattering facilities, IUC-DAEF has developed a neutron beam line at Dhruva reactor. The
present paper gives a brief survey of the activities and achievements of Mumbai Centre of
IUC-DAEF.
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1. Introduction
Inter University Consortium for Department of Atomic Energy Facilities (IUCDAEF) is an autonomous institute of the University Grants Commission and provides an interface between the university fraternity and the institutions of the
Department of Atomic Energy. The main mandate of IUC-DAEF is to promote
interaction between the researchers from universities and the researchers at major facilities of the DAE. IUC-DAEF has centers at Mumbai, Kolkata and Indore.
Mumbai Centre of the IUC-DAEF promotes and supports the use of neutron facilities at Dhruva reactor by the university scientists. There are about 40 groups from
different universities who are regularly using neutron scattering techniques in their
research.
To augment the existing neutron scattering facilities, IUC-DAEF has developed
a neutron beam line at Dhruva reactor on which two spectrometers are envisaged.
One of the instruments, namely, powder diffractometer, is now in advanced stage
of testing and installation.
The salient features of Dhruva utilization by university researchers are given in
the next section. Section 3 gives details of the neutron beam line developed by
IUC-DAEF. The results of some selected studies carried out by university scientists
using Dhruva are given in §4.
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2. Utilization of Dhruva reactor by university researchers
The Dhruva reactor at BARC, Mumbai provides an intense source of neutrons for
studying the microscopic structure and dynamics of materials. The Solid State
Physics Division (SSPD) of BARC has installed about a dozen neutron spectrometers for neutron beam research and they are a part of National Facility for Neutron Beam Research (NFNBR). Before 1990, about the time when IUC-DAEF
was created, the neutron facilities at BARC were mainly used by BARC scientists. However, now they are being increasingly used by university researchers
also. The scope and variety of neutron studies has considerably broadened with
the involvement of the universities. Mumbai Centre of IUC-DAEF has been instrumental in coordinating and strengthening the use of NFNBR by university
scientists.
IUC-DAEF has collaborative research schemes (CRS) under which a university
scientist, in collaboration with SSPD/IUC scientists, can carry out neutron experiments at Dhruva over a period of about three years. The approval of CRS by
IUC-DAEF involves submission of a proposal by a university scientist (Principal
Investigator, PI) and a peer reviewing of the same. At times, PI is requested to
make a presentation before a committee of experts, where the feasibility and the
suitability of the experiments from the point of view of current interest is examined.
Once the proposal is approved, IUC-DAEF provides grants for fellowship for the
student, travel, contingency etc., and BARC provides the neutron facilities and the
other infrastructure to the concerned PI and his student. CRS is not a one-time
experiment but a full-fledged programme leading to a Ph.D. thesis.
A large number of scientists and engineers (physicists, chemists, material scientists, chemical engineers) from about 50 universities/institutions of the country
have been using the neutron facilities at Dhruva reactor under this scheme. The
collaborative research schemes pursued so far deal with neutron diffraction from
crystalline (both magnetic and non-magnetic) materials, amorphous solids, liquids
etc., small angle neutron scattering from mesoscopic systems, neutron quasielastic
scattering, neutron inelastic scattering, neutron depth profiling and neutron activation analysis experiments. Since IUC’s inception, a total of about 110 CRSs
have been undertaken, out of which 73 have been completed successfully and 37
are currently running. This has led to about 80 publications in refereed scientific
journals. It has been noted that publication rate has grown over a period of time.
It is also seen that over a period of time, there is considerable improvement in the
quality of publications. Figure 1 shows the year-wise growth of the number of publications and the average impact factor of publication arising out of CRSs or the
work carried out by IUC scientists. Thirty-two Ph.D. theses have been submitted
to various universities/institutions under the above CRSs.
To train the freshers to use neutron scattering techniques and to create the awareness about the available facilities, IUC-DAEF, Mumbai Centre together with SSPD,
BARC organizes workshops/seminars of one or two week duration on neutron scattering and allied topics regularly. These workshops in general include theory lectures, tutorial sessions and neutron scattering experiments at Dhruva. It has been
seen that scientists attending the workshop, often realize the importance of neutron scattering techniques in their research and submit proposal for CRS after going
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Figure 1. Evolution of publications and impact parameters during 1990–
2002.

back to their institutes. So far, about 15 workshops/seminars have been organized
and about 300 students/teachers have been trained to use neutron beams.
3. IUC beam-line development
The IUC beam line is being developed around the beam tube TT-1015 in Dhruva
reactor at Trombay. It is planned to install at least two spectrometers initially
on this beam line. Through discussions with the user community and experts in
the field, it was decided that a high resolution diffractometer and a triple-axis
spectrometer (TAS) could be built.
An open beam concept with perfect bent crystals as monochromators has been
adopted for the beam line [1,2]. Three monochromator crystals are used in succession, one for a powder diffractometer and two for triple-axis spectrometer. A tunnelshaped shielding block was installed around the beam port to house the above
monochromators. The shielding basically consists of lead, steel and boronated
wood arranged in a specific manner as per the shielding calculations. Figure 2
shows the plan view of the tunnel shielding along with the proposed spectrometers
on either side. The outer dimension of the tunnel is about 2 m×2 m×5 m and the
entire shielding weighs about 100 t. The cavities inside the shielding are designed
to accommodate three monochromators in tandem. There is a provision to take
the direct beam out at the end of the shielding in future.
The design of various optical elements and the spectrometers were optimized
by carrying out Monte Carlo calculations. Details of these calculations are given
Pramana – J. Phys., Vol. 63, No. 1, July 2004
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Figure 2. Schematic of the neutron beam line and the proposed spectrometers.

in our publications [3,4]. This project was executed by scientists of IUC-DAEF.
Several university groups have participated in this activity by developing/building
certain components for the beam line, such as, goniometer, crystal bending devices,
boronated rubber, cryostat etc.
A brief description and the design parameters of the above two spectrometers
are given below.
3.1 Powder diffractometer
The monochromator for the powder diffractometer is situated at a distance
of 8.4 m from the source and there is an in-pile collimator of dimension
70 mm×70 mm×50 cm at a distance of 3.8 m from the source. The monochromator is doubly bent in the vertical and horizontal directions and consists of nine
perfect Si crystals of dimensions 20 cm×5.8 mm×14.8 mm stacked vertically in
a bending device. Horizontal bending is achieved through mechanical four-point
bending and the horizontal radius is 12.6 m while vertical focusing with a radius
of 1.8 m is achieved by placing the crystals on barrel-shaped posts. The take-off
angle is 90◦ . The Si crystals are asymmetrically cut at an angle of about 31 ◦ to
the 5 1 1 plane with [1 1 0] axis vertical. The planes which are of interest are (5 1 1),
(3 1 1), (5 3 3) and (3 3 1) giving wavelengths 1.48, 2.3, 1.17 and 1.76 Å, respectively.
The first three reflections can be obtained by rotating the crystal while (3 3 1) is
obtained by flipping the unit by 180◦ . The monochromator to sample distance is
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Figure 3. Calculated resolution ∆d/d as a function of lattice spacing d for
the proposed diffractometer.

2 m. The detector shielding of the diffractometer is modular in design and is made
of boronated wood enclosed in steel. There will be four banks of position sensitive
detectors (PSDs), each containing three PSDs and covering an angular range of
5–123◦ with a detector overlap of about 10◦ . An oscillating radial collimator would
be employed to cut off extraneous radiation. The expected resolution ∆d/d for the
above instrument is given in figure 3.
3.2 Triple-axis spectrometer
The second instrument on this beam line is a triple-axis spectrometer, which is
specifically designed to give good resolution at low energy transfers (typically
around 4–14 meV). As the monochromators are housed in tunnel-shaped shielding, this instrument works with fixed incident energies. A pyrolytic graphite (PG)
(0 0 2) monochromator at 76◦ take-off angle and at a distance of 7.85 m from the
source gives monochromatic neutrons of 4.8 meV. Another monochromator (Si) at
a distance of 8.45 m from the source and at take-off angle 94◦ provides neutron
energies of 14.3 meV, 35.0 meV and 55.7 meV using (5 1 1), (5 3 3), (3 1 1) planes.
This monochromator is exactly similar to the one used for powder diffractometer
described above except that the asymmetric cut angle in TAS is 32.5◦ . Corresponding to PG and Si monochromators, we propose to use PG and Si as analysers. The
spectrometer is the conventional cantilever type instrument with sample axis fixed
on the ground. Detailed Monte Carlo ray tracing simulations were carried out to
check the intensity and resolution of the instrument. The details of these calculations, the information on resolution etc. are given in ref. [4].
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4. Results of typical studies carried out by university researchers
The university researchers have carried out a variety of experiments using neutron
beams at Dhruva reactor. The systems studied include quantum ferroelectrics [5,6],
high Tc superconductors [7,8], magnetic materials such as ferrites and perovskites
[9–13], kondo systems [14,15], hydrogen bonded liquids [16,17], glasses [18–20], zeolites [21,22], monolayer protected metallic clusters [23], ferrofluids [24], ionic surfactants [25,26], gemini surfactants [27,28], multi-head group surfactants [29,30],
polymers [31,32], pluronics [33–35] and bile salts [36]. There were some specialized
experiments such as the study of depth profiling of boron in a polymer film using (n-α) reaction [37] or study of chemical composition of certain minerals using
neutron activation analysis [38]. In the following, I give results of some selected
experiments. The selection is based mainly on my familiarity with the subject and
is in no way a reflection on the quality or importance of the work.
4.1 Phase transition behaviour of (Sr1−x Cax )TiO3 (SCT)
Neutron diffraction experiments [6] on mixed salts (Sr1−x Cax )TiO3 at room temperature show that there are superlattice reflections for x ≥ 0.12. The authors
showed that the existence of these peaks in the neutron diffraction pattern (figure
4) is connected with the tilting of TiO6 octahedra and it is thus not surprising
that the superlattice peaks were completely missed out in X-ray diffraction studies.
Detailed analysis showed that off-centre displacement of Ca2+ /Sr2+ in the h1 1 0i
cubic direction in SCT, which is responsible for stabilization of ferroelectric phase
against the quantum fluctations, occurs because of the antiphase tilting of the TiO 6
octahedra in the neighbouring unit.

Figure 4. Neutron diffraction patterns (RT) showing super lattice reflections, marked by ×, for x ≥ 0.12 (SCT12).
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4.2 Local canted spin behaviour in a mixed spinel ferrite
Subbarao et al [13] carried out DC magnetization, neutron depolarization and neutron diffraction (with both polarized and unpolarized neutrons) measurements on
Co1.4−x Znx Ge0.4 Fe1.2 O4 spinels for x = 0.5, 0.6 and 0.7. Neutron diffraction experiments show that there is long-range ferromagnetic ordering in all the three samples.
It is seen that B-site moments are much smaller than their theoretical free ion moment values, indicating that the B-site moments are highly non-collinear. The
(2 0 0) Bragg peak has not been observed in low-temperature diffraction patterns
for any of the samples, thus ruling out Yafet–Kittel-type canting. Thus, neutron
diffraction studies show that in these samples there is local canting of spins with
ferromagnetic ordering of longitudinal spin components. Neutron depolarization
studies for x = 0.6 and 0.7 show the existence of magnetic domains in these samples and depolarization persists at temperatures well above TN .
4.3 Structure of hydrogen bonded liquids
Neutron diffraction experiments have been carried out on several hydrogen bonded
liquids (e.g. CD3 OD, t-butanol etc.) to understand the intermolecular correlations
in these liquids [16,17]. These experiments were carried out on High Q Diffractometer having a Q range of 15 Å−1 . The data were corrected for container scattering,
self-attenuation and multiple scattering and normalized to absolute cross-section
units using vanadium rod as a standard. The data analysis involves extraction of
intermolecular composite radial distribution function (RDF) and comparing it with
RDF obtained from X-ray data. The main result of these studies is that diffraction
pattern from the above liquids show a peak at wave-vector transfer Q ∼ 0.7–0.8
Å−1 before the main diffraction peak. This shows that there are distinct molecular

Figure 5. SANS distributions from 0.05 M micellar solutions of CTAB and
the newly synthesized surfactants having h = 1, 2 or 3 charged head groups
attached to a single hydrophobic chain.
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clusters in the above liquids arising because of H-bonding. Neutron data have been
used in deciding the models for these clusters.
4.4 Structures of micelles of multi-head group surfactants
SANS studies on multi-head group surfactants showed that these surfactants form
micelles [29]. These surfactants consist of a hydrophobic tail connected with the
single, double and triple charged head groups respectively. Figure 5 shows the
SANS distributions. These studies showed that micellar aggregation numbers are
244, 48 and 20 and the fractional micellar changes are 0.08, 0.23 and 0.278 when
there are 1, 2 or 3 head groups on the surfactant molecule respectively. That is, a
bigger head group implies a smaller aggregation number and folding of chains.
4.5 Dynamics of propane encaged in NaY zeolite
Zeolites are industrially important materials and they are known to form cages
where gas molecules can be encaged. To study the dynamics of encaged propane
molecules neutron quasi-elastic scattering experiments [21,22] have been carried out
on NaY zeolite/propane system between 300 and 350 K. The translational motion of
propane, being slow, was studied using QENS spectrometer (resolution ∼0.2 meV)
and the rotational motion was studied using triple-axis spectrometer (resolution
∼3 meV). It was seen that translational motion of propane is best described using
a jump diffusion model where there is Gaussian distribution of jump lengths. The
rotational motion is best described by isotropic rotational diffusion model. The
dynamical parameters, for both translational as well as rotational motions, obtained
from the above studies are in close agreement with those obtained from molecular
dynamic simulations.
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