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Abstract. The Devasthal Observatory, located at about 2420 m height
above sea level in the central Himalayas, operates a 1.3tivabpele-
scope, commissioned in the year 2010 and building anotleem3optical
telescope to be ready by 2013. Both of these are general geitpte-
scopes, providing spectral and seeing-limited imagingabdiies at op-
tical and near infrared wavebands. The current status gkttelescopes
alongwith the planned backend instrumentation are desatrib
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1. Introduction

The Devasthal (Longitude : 791'04”E, Latitude :2921'40”N) is located at an al-

titude of about 2420 m, in the central Himalayas. It is abdutkb east by road

from the city of Nainital. An extensive site survey in the Kaom region of the cen-
tral Himalayas revealed that Devasthal is a potential siteaftronomical observa-
tions at optical and near infrared wavebands (Pant, StalBagar 1999; Sagar et
al. 2000; Stalin et al. 2001). It is well connected by roadhvitite Manora Peak
(Longitude: 7927 26"E; Latitude: 2921'39”N; Altitude :1920 m) located in the vicin-
ity of Nainital (Sinvhal et al. 1972; Sagar 1999). Both thHesiManora Peak and Dev-
asthal are located in the Devabhumi of Uttarakhand, Naiaitd they are operated
by the Aryabhatta Research Institute of Observationalri®eie (acronym ARIES),

an autonomous research institute under the Departmentiefi&cand Technology
(DST), Government of India (Sagar 2006). The Devasthal telsdeveloped infras-

tructure and excellent communications with Manora Pealkimgathe logistics and

operations of observational facilities at both places easy
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Figure 1. The 1.3-m Optical Telescope at Devasthal.

Small and moderate size (up to 4-m class) optical telescaipgsod astronom-
ical site have several advantages over very large (10-rs)chasl giant (30-m class)
ones, e.g. infficiency, availability, survey work, serendipitous and tioréical ob-
servations (Sagar 2000). A new modern 1.3-m optical tef@stms therefore been
commissioned in 2010 at Devasthal and another new techm@l&gm optical tele-
scope is being built. Both these telescopes are intenddgndisantly increase the
access to moderate size optical telescopes to the Indiamastical community. The
technical details of the telescope along with the plannezkigsmd instruments are
presented below in this contribution.

2. The 1.3-m optical telescope

In October 2010, a new modern 1.3-m optical telescope (Ferda3-m DFOT) has

been installed successfully at Devasthal (Sagar et al.)2@ldicture of the telescope
is givenin Fig. 1. The telescope design of the 2-mirror RatciChrietein optics along
with a single element corrector is optimized (Melsheimer &d#arlane 2000) to
deliver a fast beam @) and a naturally flat-field of 66 arcmin diameter at the axial
Cassegrain focus. It is therefore suitable for wide-areaesuof a large number of
point as well as extended sources. Without autoguider #ekitng accuracy of the
telescope is better than 0.5 arcsec in an exposure of 300sagenith distance of 40

1Devasthal Fast Optical Telescope
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Figure 2. The R-band image of the star cluster M 36 taken on 30th Nove@®k) from 1.3m
DFOT at Devasthal-Nainital. The image is a 45 co-added feanfelOs each, covers about
18 on a side and the FWHM seeing is about ZT'he unvignetted field of view is shown in
circle.

degree. The pointing accuracy of the telescope is bettertBarcsec RMS for any
point in the sky. Further technical details on the as-desigpecifications as well as
as-built performance of the telescope system are givewbte (Sagar et al. 2010,
Omar et al. in preparation). The main scientific objectiveoisnonitor optical and
near infrared (350-2500 nm) flux variability in the astroricahsources such as tran-
sient events (Gamma-ray bursts, supernovae), episoditse{active galactic nuclei
and X-ray binaries), stellar variables (pulsating, edtigsand irregular), transiting
extrasolar planets - and to carry out photometric and intagimveys of extended
astronomical sources, e.g. Hll regions, star clustersgafakies. Further details on
the scientific objectives can be found elsewhere (Sagar)2006

During commissioning phase, the telescope was equippddavit3.5 micron
pixel, 2kx2k Andor camerawhich covers a square area of about 18 arcmin sky on a
side. A set of Johnson-CousiBsV, R andH, filters, circular in size and providing
unvignetted field of 18 arcmin diameter on CCD were availalvi@rder to calibrate
the telescope and camera system, the star cluster M 36{= 05"36™125, 532000=

2The CCD can be read out with 31, 62, 500 and 1000 kHz speedthetborresponding system RMS
noise of 2.5, 4.1, 6.5, 7-&nd gain of 0.7, 1.4, 2, 27¢ADU. The camera could thermoelectric cool down
to -80 degC. The CCD chip has QE of 90% between 500-700 nm #adféto 50% at 400 and 900 nm.
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Figure 3. The color-magnitude diagram of the star cluster M 36 obgkimeBVR on 30th
November 2010 from 1.3m DFOT at Devasthal, Nainital.

-09°4743") was observed on 30th November 2010 in broad-lBnd andR filters.
The camera was operated at 1 MHz speed, in accumulate modelaxposures of
50s (5 accumulations of 10s each) were obtained in each fikering the observa-
tions, the FWHM seeing was arount 2nd the airmass varied between 1 to 2. Fig. 2
shows an R-band frame of M 36. The photometric data redustidthe CCD im-
ages were done using standard procedure (e.g. see Yada2@08) and references
therein). For near-zenith observations, in abdutPAWHM PSF, we could reach a
signal-to-noise ratio of 5 for 20 mag B and 21 mag iV andR in five summed
images of 10s each. The instrumental magnitudes were atdibusing the Landolt
(2009) equatorial fields SA98 and SA95 of standard starsrebd®n the same night.
The 1o error in calibration was 0.021 mag Band 0.015 mag in botd andR filters.
The atmospheric extinctions B, V, andR are estimated as6+ 0.01, 011+ 0.01
and Q05 + 0.02 magairmass respectively. The calibrated color magnituderdiag
in BVRis shown in Fig. 3 and a well defined zero-age main-sequentteeofoung
(~ 16 Myr) star cluster M 36 can be clearly seen. Further detdithe calibration
and science verification results of the commissioning détédgepresented elsewhere
(Kumar et al. in preparation).

In order to know the detection limits of low-amplitude fluxriaions in brighter
(~ 10 mag) celestial sources set by scintillation in the Earéttinosphere, we also
carried out photometric observations of a known transiérgasolar planet WASP-
12 (32000 = 06"30M325, 630000 = 29°40'407, V = 11.7 mag). We used 16 micron
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Figure 4. The R-band image (left) andféiérential light curve (right) of the transiting extrasolar
planet WASP12Y ~ 11.7 mag star) observed off Hebruary 2011 with the 1.3-m DFOT at
Devasthal, Nainital. The image is exposed for 5s and it cabout 6on a side. The target
and the four comparison stars are encircled. Each singéepdant in the light curve represents
flux from twenty coadded frames. The model is overplotted amnygbical error in each data
point is of the order of 1 mmag.

pixel, 512x512 Andor cametaand operated it in the conventional 1 MHz readout
mode with RMS noise of 6.1-@and a gain of 1.49ADU. On 5" February 2011, we
recorded a set of 3300 CCD frames of 5s each in Cousins R-hanvthca contin-
uous observations for 4.5 hours. The observations were mideut auto guidet:
The data reduction was done in usual manner as describedshi @t al. 2009, and
references therein) and thdfeérential light curve was generated using ensemble pho-
tometry by employing four comparison stars (see Fig 4). Tifterntial light curve
had a typical photometric accuracy of 3 mmag. To improve itpeasd-to-noise ratio,
we co-added 20 frames of 5s each and it resulted in a photizraeturacy of better
than 1 mmag. The co-addedf@irential light curve of the WASP-12 transiting system
along with the model fit is shown in the upper panel of Fig 4. Afuariation of
~17 mmag is clearly seen in the transit light curve. In the lopanel, residuals of
the model fit indicates a photometric precision of 1 mmag fél& mag star. As a
comparison, a similar observations using 1.04-m Sampuachteiescope at Manora
Peak, we get an accuracy of about 3 to 4 mmag. Hence the 1.301 BFDevasthal
would be suitable for the scintillation limited science grams requiring a detection
of few mmag on a time scale of hrs (e.g. exoplanet search ard ve@ability).

3The CCD can be read out with 10, 5, 3, 1 MHz speed in Electrortipiyihg amplifier and with 3,
1 MHz speed in conventional Amplifier mode with the valuesysitesm readout noise from less than 1 to
49 e @10 MHz. A variable readout dependent gain to match the tL@igitization can be chosen. The
camera could thermoelectric cool down to -80 degC. The COpltas a QE of 90% between 500-700nm
and falls df to 35% at 375 and 950 nm

4Observations with auto guider reduces the flat-field caimaerror and increases the photometric
accuracy of the dierential light curve.



Figure 5. The 3.6-m Optical Telescope at the AMOS (Advanced Mechérind Optical
System) factory, Belgium in June 2011.

3. The 3.6-m optical telescope

The /9 configuration of the telescope has an alt-azimuth mounagt Cassegrain
focus fitted with a 30 arcmin wide field three-lens correctarto-guiding unit and
an instrument derotator interface. The telescope has ti® Bdrts and one main
Cassegrain port. Further technical details can be foursiilsre (Sagar 2007; Flebus
et al. 2008; Sagar et al. 2010). As of June 2011, the assemblynéegration of
the telescope with dummy mirrors have been completed at 1©3 (Advanced
Mechanical and Optical System) factory, Belgium (Fig. 5) @ine fine-tuning and
testing of various telescope motions are in progress. Balptimary and secondary
mirrors of the telescope are polished at the LZOS, Russidatengdolishing accuracy
(RMS wavefront error at 600nm) of 35 nm for primary and 30 nmsiecondary has
been achieved. The acceptance of the telescope at factlikglisto take place in
March 2012.

The first generations focal plane instruments are a fairgatlgpectrograph and
camera, a high resolution fiber-fed optical spectrographpptical-near infrared
spectrograph and imager, and a CCD optical imager (see Table
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The ADFOSC (ARIES Devasthal Fain Object Spectrograph) iscalfreducer
instrument. The instrument shall work in imaging and spsttopic mode. The in-
strument will have imaging capabilities with one pixel riegion of less than 02
arcsecond in the field of view~(14'X 14’) of the telescope, and low-medium spec-
troscopy with spectral resolution (250-4000) coveringwlagelength range from 350
nm to 900 nm. A computer simulation indicate that we can ima@® mag star in
V band within an hour of exposure time. The Optical design sfriiment has been
completed as on June 2011 and the mechanical design is ingsgog

A high resolution fiber-fed spectrograph capable of giviegttuous spectral
coverage (380 nm to 900 nm) in a single exposure is also peapdkhe instrument
shall be capable of measuring spectrum with signal-toen@to of 100 per 20 kys
bin for an integration time of one hour for a star\bf~ 16 mag.

A general purpose optical-near infrared imaging camerh iitited spectro-
scopic capability is proposed jointly by TIFR Mumbai and A for observations
in the near-infrared bands between 1000 to 2500 nm. It wilau$024x1024 Hawaii
HgCdTe detector array manufactured by Rockwell Intermati® SA and will have
flexible optics and drive electronics that will permit a edyi of observing configura-
tions. The primary aim of this instrument would be to obtaiodd and narrow band
imaging of the fields as large as 6x6 arcmin and also to usesii@sg-slit spectrom-
eter with moderate resolving powet/(A1 ~ 400) when attached to the telescope.
The proposed IRSPEC when coupled with the 3.6 m telescopgiced to reach
the 5 detection of 22.5 mag id, 21.5 mag inH and 21.0 mag irK with one hour
integration.

The above mentioned focal plane instruments shall be usedrty out obser-
vations for the studies related to exo-planets, stellaabdity and asteroseismology,
interacting binary systems, variability in late type sofiay stars, formation and evo-
lution of stars, studies of galaxies, dark matter in the xjalaptical follow-up of the
sources identified by GMRT and ASTROSAT and the highly en@rgeents - SNe
and GRBs.
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Table 1. Technical specifications of the proposed 3.6m Instruments

Parameters value

ARIES Devasthal Faint Object Spectrograph and camera:

Spectral coverage 350-900 nm

Field-of-view 14x14 arcmin (imaging); 10x10 arcmin (spestopy)
Image quality 80% energy in 0.4 arcsec diameter

Resolving power 250-2000 @1 arcsec slit-width with singliergs

4000 @1 arcsec slit-width with VHP Gratings

High-resolution fiber-fed optical spectrograph :
Spectral coverage 380-900 mm

Resolving power 30000 and 60000 (fixed)
Radial velocity resolution 20 kfa

Optical-NIR meadium resolution spectrograph and imager:

Spectral coverage 500 nm - 2500 nm
Resolving power 3000-4000
Field of view 7 arcmin

CCD Optical imager:

Spectral coverage 300 nm - 900 nm

Field of view 6.5 x 6.5 arcmin

Spatial resolution 0.1 arcgpix
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