Optical Telescopes at Devasthal Observatory, Nainital∗
Ram Sagar

Three modern optical telescopes of sizes 1.3-m, 3.6-m, and
4-m are installed at Devasthal, Nainital, located in the central Himalayan region of Kumaun, Uttarakhand. The 3.6-m
Devasthal optical telescope is designed to be a technologically
advanced and complex astronomy instrument. All three telescopes are used for night observations of celestial objects. The
sky performance of the 3.6-m telescope is not only internationally competitive but also at par with the performance of
other similar telescopes located elsewhere in the world. This
article provides the global importance of the Devasthal observatory for optical and near-infrared observations in the
present era of multi-wavelength astronomical studies.
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1. Introduction

Government of India. Played
key role in establishing
world-class optical

An optical telescope is an instrument that collects and focuses
light, mainly from the visible part of the electromagnetic spectrum, to create a magnified image of celestial objects for direct
view, or to make a photograph, or to collect data through electronic image sensors. In astrophysical studies, optical telescopes
play a crucial role. They are used to collect electromagnetic radiation coming from celestial objects (planets, stars, galaxies, etc.)
which are located very far from us. The light emitted by our Sun
takes ∼500 seconds to reach Earth while from our next nearest
southern hemisphere star system α Centauri, it takes ∼ 4.3 lightyears. Nearest galaxies (Large and Small Magellanic Clouds) to
us are located at a distance of ∼2 lakh light-years. The Universe
contains a huge number of galaxies. Some of them are located
so far from us that electromagnetic radiation takes several billion
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Optical astronomy is as
old as human civilization
as our ancestors started
looking towards the sky
with naked eyes, which
acted as a telescope of
pupil size ∼6 to 7 mm
while the retina worked
as the detector and the
brain functioned as a
computer.

years to reach us. In order to understand the nature of the electromagnetic radiations emitted from these distant celestial bodies,
the use of optical telescopes is essential. In fact, optical astronomy is as old as human civilization as our ancestors started looking towards the sky with naked eyes, which acted as a telescope
of pupil size ∼6 to 7 mm while the retina worked as the detector and the brain functioned as a computer. However, a major
breakthrough in our understanding of the Universe came about
411 years ago, in the year 1609, when Galileo Galilee, for the
first time, viewed and studied the planets of our solar system with
a small (∼4 cm) optical telescope. Since then, optical telescopes
have played important roles in deciphering the secrets of the Universe.
There are few observatories in India housing optical telescopes
of size more than 1 m. Their global importance in the present
era of multi-wavelength astronomy has been emphasized recently
[1]. They are located in different parts of the country. The Vainu
Bappu Observatory (longitude = 78.◦ 8 E, latitude = 12.◦ 6 N, and
altitude = 725 m), housing 1-m, 1.3-m and 2.34-m optical telescopes, is located in the southern-most part of the country. The
Indian Astronomical Observatory has the 2-m Himalayan Chandra Telescope located at Mount Saraswati (longitude = 75.◦ 96 E,
latitude = 32.◦ 78 N, and altitude = 4500 m) in the northern-most
part of India. Both these observatories are under the administrative control of the Indian Institute of Astrophysics (IIA), Bengaluru. The Gurushikar Observatory, Mount Abu, houses a 1.2-m
telescope. It is located at the highest peak of the Aravalli range
(longitude = 72.◦ 78 E, latitude = 24.◦ 65 N, and altitude = 1680
m), and is operated by the Physical Research Laboratory (PRL),
Ahmedabad. Activities related to the installation of another 2.5-m
optical telescope by PRL at the same site are progressing rapidly.
This new telescope may become operational within a few years.
The Girawali Observatory, operated by the Inter-University Centre for Astronomy and Astrophysics (IUCAA), Pune has a 2-m
telescope located on Girawali hill (longitude = 73.◦ 85 E, latitude =
19.◦ 07 N, and altitude ∼1000 m). The Aryabhatta Research Insti-
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tute of Observational Sciences (acronym ARIES) houses the 104
cm Sampurnanand Telescope at Manora peak (longitude = 79.◦ 45
E, latitude = 29.◦ 36 N, and altitude = 1951 m). Recently, three
moderate-sized (1.3 m to 4 m), modern optical telescopes were
installed at Devasthal1 located in the central Himalayan region at
an aerial distance of ∼20 km from the main campus of ARIES,
Manora peak. The technological advancements and the availability of sensitive detectors have made moderate-sized telescopes
extremely valuable even in the era of large (8–10 meter) optical telescopes due to their increased level of performance, minimal maintenance, and specific scientific goals. Furthermore, such
telescopes at a good astronomical site have several advantages
over large and giant (30-m class) ones, e.g., in efficiency, availability, survey work, serendipitous discovery, and time-critical
observations. The three optical telescopes at Devasthal namely,
the wide-field 1.3-m Devasthal Fast Optical Telescope (DFOT)
and India’s largest modern and complex 3.6-m glass Devasthal
Optical Telescope (DOT), and 4-m International Liquid Mirror
Telescope (ILMT) mirror telescopes were installed at Devasthal
in the years 2010, 2016, and 2020 respectively. Both the 3.6m DOT and the 4-m ILMT are in collaboration with researchers
from various academic institutions in Belgium, Canada, India,
Poland, and Uzbekistan. The Devasthal Observatory has significantly increased access to modern, moderate-sized optical telescopes to both Indian and global astronomical communities.
Basic parameters and observing efficiency of an optical telescope
are presented in the next section, along with the magnitude unit
used to measure the brightness of celestial objects. Details of the
identification of the Devasthal site and basic parameters of the
three telescopes installed at Devasthal are given in sections 3 and
4, respectively. The last section provides information about the
capabilities of these telescopes along with excellent sky conditions prevailing at the Devasthal observatory.
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1 Devasthal means ‘the abode of
God’.
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Devasthal Optical
Telescope (DOT), and
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2010, 2016, and 2020
respectively.
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Figure 1.

Sketch diagram of reflector and refractor telescopes. Effective optical diameter (aperture) of
the telescope is denoted by
D while its effective focal
length is denoted by F.
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2. Observing Efficiency of an Optical Telescope
An optical telescope is called a refractor when the primary (M1)
optics is lens and reflector when it is a mirror. Figure 1 shows
the ray diagram for both reflector and refractor type telescopes.
The name of an optical telescope generally denotes the effective
optical size (D) of M1 optics used for imaging the celestial bodies. The effective focal length (F) of a telescope determines its
plate scale defined as 206265/F(mm) arc-sec per mm. It denotes
the angular size of the sky imaged on a unit distance at the focal
plane of the telescope. Consequently, fast telescopes have shorter
F values and larger plate scales, while the vice-verse is the case
for slow telescopes. The choice of F value for a telescope depends upon its scientific use. Both light-gathering and resolving
power of an optical telescope are related to its diameter (D) that
collects and focuses the light. The larger the D, more photons are
collected due to the large area, making it possible to study rela-
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tively fainter stars. They also magnify the apparent angular diameter of the celestial objects and thus provide better details due
to higher angular resolution defined by the radius of diffractionlimited (1.22λ/D) size. In fact, for sky background limited
q obser-

×I(t)
,
vations, efficiency of a telescope at a frequency (ν) is ∝ AǫDeff×B(ν)
where Aeff is the light-gathering power of the telescope of diameter D including the losses due to optics and the quantum efficiency
of the detector used at the focus of the telescope; B(ν) is the sky
background intensity at frequency ν; I(t) is the integration time,
and ǫD is the solid angle formed by the typical atmospheric seeing
of ∼1′′ for a telescope of diameter D ≥ 15 cm and by diffraction
limit for smaller telescopes. For ground-based telescopes, atmospheric seeing, during a large fraction of observing time, is more
than 1 arc-sec at visual wavelengths. Atmospheric seeing spreads
the image, thereby diluting the concentrating action of groundbased optical telescopes of sizes larger than about 15 cm. Larger
seeing at a place, therefore, degrades the image formed by a telescope. Consequently, a 2-m size telescope located at a site with
a seeing of say 0.′′ 5 performs like a 4-m size telescope installed
at a place with a seeing of 1′′ if other conditions are identical.
Larger seeing also results in much longer hours of observations
for recording any faint image or spectra from a ground-based optical and near-infrared (NIR) telescope in comparison to its counterpart in space. For example, the Hubble Space Telescope (HST)
records images of celestial objects in a relatively shorter time than
the ground-based telescopes of similar size. Consequently, significant (an order of magnitude) improvement in angular resolution
was observed only twice in the entire history of telescopic observations. First, it was in 1609, when Galileo used a small telescope for observations of stars and planets in place of the naked
eye. The second time, it was when images with 2.34-m HST were
taken. Most of the best ground-based optical observatories in the
globe are, therefore, located at an altitude of ≥ 2 km in the subtropical zone within 25o to 35o latitudes from the Equator, either
on islands such as Hawaii and La Palma or on coastal areas such
as Chilean and Midwest American. Both high altitude and conducive topography of such observatories located far from main
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cities provide low values of ǫD , i.e., atmospheric seeing as well
as dark B(ν) and transparent skies. Consequently, the observing
efficiency of a telescope is improved at such locations.

The improvement in
astronomical detectors
and image processing
techniques, the
availability of highly
sensitive spectrographs,
the active and adaptive
optics, all make a
modern moderate size
optical telescope far
more efficient today than
its counterpart a couple
of decades ago.
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The light gathering power, Aeff , of a telescope can be increased
by increasing its aperture size, decreasing the losses due to optics using efficient materials, reducing the number of optical elements, and increasing the quantum efficiency of the astronomical detectors. The improvement in astronomical detectors and
image processing techniques, the availability of highly sensitive
spectrographs, the active and adaptive optics, all make a modern moderate size optical telescope far more efficient today than
its counterpart a couple of decades ago. For example, chargecoupled devices (CCDs) in combination with 1-m class optical
telescopes are as efficient at capturing faint celestial objects as
photographic plates in combination with a 3 to 4 m size telescope few decades ago, in a relatively shorter time. Consequently,
one can state that modern astronomical detectors and image processing techniques with powerful computers have reached a stage
where the scope of further significant improvement in them may
not be seen soon. Modern technology is also capable of providing optics where losses are minimal (≤ 1%) indicating that there
is hardly any scope for further significant improvement in this
domain. So, to further increase the Aeff , increasing the diameter of the M1 optics is the only option keeping the ground truth
in mind that the largest size of a telescope which can be built
at an epoch is mostly decided by the technological and financial
limitations. The largest size of refractor optical telescopes in the
globe measures ∼1.2-m. Making larger sized refractors is technically challenging not only in terms of manufacturing of M1 but
also in terms of holding and mounting M1 on a stable mechanical structure due to the availability of only a relatively thin rim
area. Optical telescopes larger than 1.5 m size are, therefore, of
reflector type. It is due to the fact that in mirrors, only one surface needs to be figured and polished, and the entire back surface
is available for holding and mounting. There are a few 8 to 10
m class reflector telescopes operational across the globe, namely,
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twin 10-m of Keck, Large Binocular Telescope, Subaru, and ESO
Very Large Telescope which consists of four units, 8.2 m diameter mirrors, and four movable 1.8 m diameter auxiliary telescopes.
These large, complex, and modern telescopes built during the last
two decades, equipped with advanced instruments and modern
detectors, have provided observational evidence for several intriguing questions related to the formation of the Universe; e.g.
presence of planets around stars and supermassive black holes
in the center of many galaxies, distances to the progenitors of
powerful gamma-ray bursts, evidence of accelerating Universe,
etc. In order to make further front line discoveries in the Universe, the astronomical community over the globe aims to move
from the present 8 to 10 m class telescopes to the extremely largesized (24 to 40 m diameter) optical and NIR telescopes. Building
such observing facilities need not only cutting edge and innovative technologies but also huge funds. Institutions and countries
across the globe have, therefore, started forging both financial
and technical collaborations. Three international teams are building the next generation of extremely large-sized optical and NIR
telescopes that would dramatically dwarf the existing large-sized
telescopes on the Earth today. They are the Giant Magellan Telescope (GMT), the Thirty Meter Telescope (TMT), and the European Extremely Large Telescope (E-ELT) with sizes of 25, 30,
and 39 m, respectively. They are using the latest technological
developments in the field of optics, mechanics, electronics, software, and computer science. India is actively participating in the
TMT Project.

In order to make further
front line discoveries in
the Universe, the
astronomical community
over the globe aims to
move from the present 8
to 10 m class telescopes
to the extremely
large-sized (24 to 40 m
diameter) optical and
NIR telescopes.

2.1 Brightness of Celestial Objects
In astronomy, magnitude is an ancient and arcane way of characterizing the brightness of a celestial object in a defined passband,
often in the visible or infrared spectrum, but sometimes across all
wavelengths. An imprecise but systematic determination of the
magnitude of celestial objects was introduced in ancient times
by the Greek astronomer Hipparchus (130 BCE). He arranged
the visible stars in order of apparent (naked eye) brightness on
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Figure 2.

The topographic contour map is
created from the website:
https://en-gb.topographicmap.com/maps/l3r6/
Uttarakhand/.
It shows
the location of Devasthal
(Longitude = 79◦ 41′ 04′′
East, Latitude = 29 ◦ 21′ 40′′
North and Altitude =
2424±4 m above mean sea
level), highest peak in the
region and its immediate
surrounding. North is up
and East is to the right in
this map.
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a scale, called magnitude, of 1 to 6, with stars of magnitude 1
being the brightest. The faintest stars visible to the eye under
excellent sky conditions were of the sixth magnitude. By international agreement, a difference of 5 magnitudes corresponds to
an apparent flux ratio of 100. The lower the value of the magnitude, the brighter is the celestial object. The modern magnitude
system has been defined as m = −2.5× log10 ( f /Q), where f
is the mean spectral flux density from a source averaged over a
defined passband, and Q is a normalizing constant for that passband. The most widely used magnitude system is based on a set
of normalizing constants derived from the spectrum of the bright
star Vega (α Lyrae) defined in such a way that the magnitude of
Vega in any wavelength band is zero. Relation between magnitudes and physical flux units can be written as m∗ = −2.5× log10
(F∗ /FVega ), where F∗ and FVega are spectral flux density of a star
and the Vega respectively in Jansky (Jy) (= 10−26 Wm−2 Hz−1 ).
The values of FVega are 4260, 3640 and 3080 Jy at λ = 0.37, 0.44
and 0.55 µm respectively. On this scale, the spectral flux density
of a V = 4.3 mag star is 74 Jy.
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3. Identification of Devasthal Site for Optical Observatory

As evident from our previous discussions, making the best use of
an optical telescope requires it to be installed at a site with the
maximum possible number of clear/usable nights in a year, dark
and transparent skies with a smaller value of atmospheric seeing
having minimal variation during a night. In fact, seeing2 at the
site is of paramount importance for locating an optical telescope.
In addition, the site should be far away from human activities
so that the contribution from city-light to the night-sky brightness
could be minimal. At the same time, one has to consider the availability of water and power to the site as well as its approachability
so that infrastructural development and telescope operation do not
become too expensive.
The geographical location and topographic contour map of Devasthal mountain peak are shown in Figure 2. Its topography indicates that Devasthal is the highest (2424±4 m above mean sea
level) peak in the region of > 10 km range. Figure 2 also shows
that Devasthal is at a point with a sharp altitude gradient towards
the south-west, the prevailing incoming wind direction at the site.
Therefore, this location is expected to provide better seeing for
astronomical observations. It was chosen after an extensive site
characterization conducted from 1980 to 2001 in the central Himalayan region [2]. Due to the rains during June–September, it
has ∼210 useful nights in a year for observations of celestial bodies. Of these, ∼80 % nights are of very good photometric quality.
The main advantages of the Devasthal site are its dark skies, subarcsec seeing, low atmospheric extinction, and at the same time
easy accessibility and manageability [3, 4]. The site is away from
major urban settlements in the region. Such characteristics of
an astronomical site for locating modern, moderate sized optical
telescopes cannot be ignored as they ensure maximum research
output with minimal expenditure in running an observatory. Necessary infrastructure developments have been carried out at the
Devasthal site.

RESONANCE | November 2020

Making the best use of
an optical telescope
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2 Atmospheric seeing refers to
angle (ǫD ) as defined earlier.
It appears in denominator so
its value should be small and
stable for good observing efficiency of a telescope.
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4. Optical Telescopes at Devasthal Observatory
Figure 3.

Near the top
of the Devasthal mountain
peak, locations of the 1.3-m
DFOT, 3.6-m DOT, and 4-m
ILMT are shown. This photograph has been taken from
the archives of ARIES.
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Figure 3 shows a long-distance view of the 1.3-m DFOT, 3.6m DOT, and 4-m ILMT on the Devasthal mountain peak. The
domes/buildings of all the telescopes are designed to have minimum thermal mass using the latest technology in the field. For
example, the 1.3-m DFOT is housed under a roll-off roof structure so that during observations of celestial objects, there is no
temperature gradient between the telescope and surroundings as
the telescope is under open sky condition. In the case of the 3.6-m
DOT and 4-m ILMT, the dome sizes are very compact. Also, construction materials of low thermal mass have been used in place of
concrete structures with larger thermal mass. These, along with
innovations in the dome and building design and environmental
control, have not deteriorated the atmospheric seeing, and thus the
quality of the images taken with these telescopes is good. Further
general information about these telescopes is given in the following subsections.
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4.1 The 1.3-m DFOT
Foundation stone for the 1.3-m DFOT building was laid by Prof.
K. Kasturirangan, Chairman, Governing Council (GC), ARIES
on 9 April 2006. Devasthal site became an observatory about a
decade ago in October 2010 when a new modern 1.3-m DFOT
was successfully installed there. The telescope was dedicated to
the nation by Prof. T. Ramasami, then, the Secretary, Department
of Science & Technology (DST), Government of India (GoI) in
December 2010 in the presence of astronomers all over India. A
photograph of the telescope after installation is shown in Figure
4. The tube of the telescope is of open truss, allowing the telescope to cool faster in the ambient. The telescope mount is of
fork equatorial-type. It, therefore, requires only one axis of rotation while tracking the celestial sources. The mechanical structure of the telescope is made up of steel and aluminium. The
mirrors of the telescope are made of Corning’ s ultra-low expansion glass/ceramic material. The telescope design is optimized
to have the focal length-to-diameter ratio (F-ratio) of 4, making
it a fast system providing a plate scale of 40′′ per mm at the focal plane and a flat field of view (FOV) of the sky up to 66′ in
diameter with a single-element corrector. It is, therefore, suitable for wide-area survey of a large number of point-like objects
as well as extended celestial sources and justifies its given name
DFOT (Devasthal Fast Optical Telescope). Without auto-guider,
the tracking accuracy of the telescope is better than 0.′′ 5 in an exposure of 300 s up to a zenith distance of 40◦ . The pointing accuracy of the telescope is better than 10′′ root mean squared (RMS)
for any point in the sky. Further technical details of the telescope
are published in [5]. The control system of the telescope is capable of operating the telescope automatically. The system can
also be interfaced with the standard sky-viewing software such as
The Sky, eliminating the need for any finding chart. The system
maintains an accurate time standard using the global positioning
system (GPS) satellites. Using CCD as the detector, the telescope
detected stars of 20 mag with an S/N ratio of 5 in nearly 1 min
of exposure in the V and R passbands while the image quality in
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Figure 4.

A view of
the 1.3-m DFOT. The fork
structure is painted yellow
and the optical tube structure is painted white (outer)
and black (inner). This photograph is taken from the
archives of ARIES.

terms of FWHM varied between 1′′ and 1.′′ 8. The surface brightness sensitivity was 22.3 mag/arcsec2 in the V and R passbands
in nine co-added frames of 50 s exposure each.

4.2 The 3.6-m DOT
Devasthal will house one
of Asia’s most powerful
telescope in recent
future. We have made a
small beginning for a
giant step in
observational science
today. Let the ARIES
bring glory to India and
glow.
–Prof. T. Ramasami
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Prof. T. Ramasami, then, the Secretary, DST, GoI laid the foundation stone of the 3.6-m DOT building on 06 September 2008.
During the ceremony, he remarked, “Devasthal will house one of
Asia’s most powerful telescope in recent future. We have made
a small beginning for a giant step in observational science today.
Let the ARIES bring glory to India and glow.” India’s largest optical telescope, the 3.6-m DOT was successfully installed at Devasthal, and its performance was verified during February 2015–
March 2016. Being an Indo-Belgian venture, the telescope was
technically activated jointly by the premiers of both India and
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Belgium on 30 March 2016, in the presence of the Minister of
Science and Technology, GoI. It is an altitude-azimuth mounting
technologically advanced reflector telescope and uses present-day
thin mirror technology. Figure 5 displays the picture of the 3.6-m
DOT. The M1 mirror of the telescope is a Schott Zerodur glass
of meniscus shape with 3.6-m optical diameter, F-ratio of 2, and
165 mm thickness, while the M2 mirror is a Russian Astro-Sitall
glass with 952 mm optical diameter, F-ratio of 2.5, and 120 mm
thickness. Its F value is ∼32.4 m with an F-ratio of 9. At the
focal plane of the telescope, the value of the plate scale is ∼6.′′ 4
per mm. Sophisticated techniques are employed for achieving
and maintaining the image quality while the telescope tracks the
celestial objects in the sky. The 3.6-m DOT is equipped with
an active optics system (AOS) that detects and corrects deformations, aberrations, or any other phenomenon that degrade the
image quality of the telescope on timescales of few seconds. It
consists of a wave front sensor (WFS), M1 mirror support system comprising 69 actuators generating forces on M1 mirror and
3 axial definers with load cells on M1 mirror, M2 mirror hexapod
that supports M2 mirror, and the telescope control system (TCS)
which acts as an interface between each element of the telescope.
A WFS is used to measure and analyze the wave front coming
from the telescope system. Focus, coma, and tilt can be corrected
with the M2 mirror hexapod, whereas the astigmatism, 3-fold and
spherical aberrations are corrected with the actuators of M1 mirror support. Load cells measure the residual forces on the 3 axial
definers, and the actuators are used to keep these forces zero. The
repeatable corrections on M1 and M2 mirrors are applied in openloop mode (look up table), whereas the close loop mode applies
both repeatable and non-repeatable corrections. The acquisition
and guiding unit (AGU) are designed to measure both the wave
front error (WFE) and tracking errors during the operation of the
telescope. A pick-off mirror can be aligned on a guide star located at the edge of the telescope’s main axial port FOV in an
annular region of 30′ to 35′ . The guide starlight beam is then directed towards an optical bench equipped with a WFS and a guide
camera. The centroid of the star on the guide camera system is
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used to correct the tracking errors while the WFS camera system
measures the WFE.
The TCS forms the interface between the hardware of the telescope and the user. It consists of a weather station, mount control
system, and programmable logic controller. It provides access
to both the operational and engineering control of the telescope
hardware, and it also interfaces with the AOS, guiding unit system, and the imaging instrument, if any. The TCS is installed
on a dedicated industrial PC with in-built GPS card and communication ports to communicate with the observatory control system, mount control system, and the AOS. The TCS runs under the
LINUX platform and accepts coordinates of both target and the
guide star. Further technical information on the telescope have
been published recently [3, 4, 6] along with the capabilities of the
telescope at Devasthal.

4.3 The 4-m ILMT
The 4-m ILMT project is
an international
collaboration between
several research
institutions from
Belgium, Canada, and
the ARIES from India.
Several astronomers
from Poland and
Uzbekistan have also
joined the project.
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The 4-m ILMT project is an international collaboration between
several research institutions from Belgium, Canada, and the ARIES
from India. Several astronomers from Poland and Uzbekistan
have also joined the project. Further details on this project have
been given by [7] along with scientific objectives and detailed
technical information. In this telescope, instead of a solid glass
M1 mirror-like in the 1.3-m DFOT and 3.6-m DOT, the surface
of a liquid placed inside a cylindrical container that is in rotation around its vertical axis acts as an M1 mirror since it takes
the shape of a paraboloid under the constant pull of gravity and
the centrifugal acceleration. This thin paraboloid rotating layer
of mercury focuses the light from a distant star at its focal point.
Consequently, such a telescope always observes at the zenith where
observing conditions are the best from the ground. This liquid
mirror telescope of 4 m size has recently been installed at Devasthal. Figure 6 shows the relative locations of various components of the 4-m ILMT. Its F value is ∼8 m, and the F-ratio value
is 2. The FOV and plate scale of the telescope at the focus are
30′ × 30′ and ∼26′′ per mm respectively. A 4K × 4K CCD camera
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Figure 5. A view of the
3.6-m DOT. It has altitudeazimuth mount. At the bottom of the open truss telescope tube, M1 mirror is
mounted while at its top
(black colour), M2 mirror is
mounted. The M1 mirror
weighing ∼4300 kg is supported on 69 precisely controlled push-only axial actuators, while the M2 mirror is
mounted on a hexapod support system. The picture is
borrowed from the archives
of ARIES.

having a spectral response from 0.4 µm to 1.1 µm and equipped
with broadband filters is positioned at the focus of the telescope.
The rotation of the Earth induces the motion of the sky across the
detector surface. The CCD detector works in the time-delayed integration mode, i.e., it tracks the stars by electronically stepping
the relevant charges at the same rate as the target drifts across
the detector, allowing an integration as long as the target remains
inside the detector area. The CCD detector is cooled down to
a temperature near −110◦ C. The 4-m ILMT building has a sliding shutter for opening the roof. It is air-conditioned and is also
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Figure 6. A sketch showing different components of
the 4-m ILMT assembled together. The vertical steel
frames hold the corrector
and CCD detector at the top
view of the telescope. This
picture has been provided by
Prof. Jean Surdej.

Given its zenith
observing mode, the 4-m
ILMT is ideally suited
for a deep sky survey of
∼90 square degrees at
high Galactic latitude,
which is very useful for
gravitational lensing
studies as well as for the
identification of various
classes of interesting
extra-galactic objects.

equipped with four exhaust fans. At Devasthal, the telescope will
monitor a strip of zenith sky of 0.◦ 5. Given its zenith observing
mode, the telescope is ideally suited for a deep sky survey of ∼90
square degrees at high Galactic latitude, which is very useful for
gravitational lensing studies as well as for the identification of
various classes of interesting extra-galactic objects. The scientific potential of the 4-m ILMT in the field of supernovae studies
has recently been published [8]. In order to carry out astrometric calibration of the ILMT observations, Mondal et al. [9] have
compiled a list of 6738 quasars falling in the ILMT stripe and
having proper motion and parallax lesser than 20 mas/yr and 10
mas, respectively. This survey will last for about five years.

4.4 Devasthal Sky at Optical and NIR Wavelengths
Figure 7 shows an i−band calibrated image of the central region
(∼ 3′ × 3′ ) of the galaxy cluster Abell 370 taken with the 3.6m DOT and published in [10]. Most of the diffuse objects in
the image are clustered galaxies. The famous prominent giant
gravitational-lens arc can also be easily seen. The location of
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Figure 7.

Calibrated
i−band image of central region (∼ 3′ × 3′ ) of the
galaxy cluster Abell 370 was
obtained by Omar et al.
(2019a) with the Aries Devasthal Faint Object Spectrograph Camera in the imaging mode mounted on the
3.6-m DOT. It has been
taken from archive of the
ARIES.

the sources matches well with those present in the deep image of
the same region available from the HST legacy program. This,
as well as many publications [3, 4, 6], reveal that the quality of
the 3.6-m DOT optics is excellent and capable of providing images of the celestial bodies with sub-arcsec (up to 0.′′ 4) resolutions. The optical observations taken with the telescope indicate
that the night sky brightness values at Devasthal are 22.29±0.34
and 19.36±0.21 mag/arcsec2 in Bessel B and R bands respectively, while they are ∼21 and ∼20.4 mag/arcsec2 in the SDSS
r and i bands respectively. Stars of B =24.5 and R =23.5 mag
have been detected with S /N of 5 in an exposure time of 20 min
and an FWHM of ∼1.′′ 2. A distant galaxy of 24.3±0.2 mag has
been detected [11] in the SDSS i band in one hour of exposure
time and FWHM ∼1.′′ 5. During good sky conditions, Baug et
al. [12] estimated 16.4, 14.0, 12.2, and 3.0 mag/arcsec2 as sky
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brightness in J, H, K, and nbL bands, respectively, which are
comparable with other observatories like Hanle, Calar Alto Observatory, and Las Campanas Observatory. In the K band, stellar
images with FWHM of ∼0.′′ 6–0.′′ 9 were observed routinely, while
the best value of FWHM (∼ 0.′′ 45) was observed on 16 October
2017. These numbers indicate that atmospheric seeing at Devasthal is very good, and the night sky is dark. The 3.6-m DOT is,
therefore, adequate for deep optical and NIR observations that are
comparable to other 4-m class telescopes available world-wide.
In order to know the detection limits of low-amplitude flux variations in brighter celestial sources set by scintillation in the atmosphere of Earth, photometric observations of a known transiting extra-solar planet WASP-12 (α2000 = 06h 30m 32s , δ2000 =
29◦ 40′ 40′′ ,V= 11.7 mag) was carried out on 05 February 2011
with the 1.3-m DFOT using 16 µm square size pixel of 512 × 512
CCD Camera. A set of 3300 CCD frames of 5 s each in cousins
R−band were recorded during continuous observations for 4.5
hours. The differential light curve had a typical photometric accuracy of 3 mmag. To improve the signal-to-noise ratio, we coadded 20 frames of 5 s each and achieved a photometric precision
of 1 mmag for an 11.7 mag star. As a comparison, similar observations using the 104 cm Sampurnanand Telescope at Manora
peak, led to a photometric accuracy of ∼3–4 mmag. Hence, the
1.3-m DFOT at Devasthal would be suitable for the scintillation
limited science programs requiring the detection of a few mmag
on a timescale of hours (e.g. exo-planet search and AGN variability).

5. Concluding Remarks
Both the 1.3-m DFOT and 3.6-m DOT are in regular use for observations of galactic and extra-galactic sources, while the 4-m
ILMT will soon start observations. Based on the observations
with the 1.3-m DFOT, more than 60 papers have been published
in internationally reputed journals of astronomy and astrophysics.
More than a dozen such publications are based on the observa-
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tions taken with the 3.6-m DOT during its performance verification and also during the testing of the back-end instruments
namely 4K × 4K CCD imager, faint object imager cum spectrograph, and TIFR NIR camera-II. Observing times on both telescopes were over-subscribed at least by a factor of 2 by the users
from all over the globe including India. Observation of the subarcsec atmospheric seeing at Devasthal even after the completion of the telescope and surrounding infrastructure buildings indicates that the care taken in their design and manufacturing has
been able to keep their thermal mass very low. Consequently,
the atmospheric seeing observed at the site about two decades
ago, during 1997–1999, has not deteriorated. One can therefore state that observing facilities at Devasthal have the potential
of providing not only internationally competitive but also scientifically valuable optical and NIR observations for a number of
front-line galactic and extra-galactic astrophysical research problems including optical follow up of GMRT and AstroSat sources.
The geographical location of the Devasthal observatory also has
global importance for time-domain and multi-wavelength astrophysical studies.

The observing facilities
at Devasthal have the
potential of providing
not only internationally
competitive but also
scientifically valuable
optical and NIR
observations for a
number of front-line
galactic and
extra-galactic
astrophysical research
problems including
optical follow up of
GMRT and AstroSat
sources.
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