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Outline

J Ground-based Optical/IR facilities in India

J National Large Optical Telescope (NLOT)
project

J Infrared Instrumentation (ground- and
balloon-based) at TIFR









Indian Astronomical Observatory

29 August 2001

22 m Imaging Cherenkov Telescope (MACE)

High Altitude Gamma Ray Telescope (HAGAR)




ARIES, Nainital
Devasthal Observatory 2016 Altitude ~ 2540 meters

TANSPEC: TIFR-ARIES Near Infrared Spectrometer 3.6m DOT
TIRCAM2: TIFR Near Infrared Imaging Camera - Il

SPIM: Side-Port Imager

IMAGER

ADFOSC: ARIES Devasthal Faint Object

Spectrograph and Camera

1.3m DFOT

4m ILMT




Mount Abu Observatory 1994 PRL, Ahmedabad

Altitude ~ 1680 meters
PARAS-2: PRL Advanced Radial velocity Abu Sky Search-2

FOC: Faint Object Camera-Imager

Speckle Imager

PRLRS: PRL Robotic Low-Resolution Spectrograph

MFOSC-P: Mt. Abu Faint Object Spectrograph and Camera — Pathfinder
NICS: Near Infrared Camera/Spectrograph

EMPOL (EMCCD based Optical Imaging Polarimeter)

25
1.2m o

Median seeing ~ 1.2 arcsec;
More than 220 clear nights
Dry Site



. 1A, Kavalur
Vainu Bappu Observatory (VBO) Altitude ~ 700 meters

VBT-HIRES is a high-resolution fibre-fed Echelle Spectrograph
High Resolution Fibre-fed Echelle Spectrograph

1.3 JCBT

1m Telescope

Seeing ~ 1.5 arcsec
2.3m VBT Established in 1971




Optical /IR telescopes in
India and Rest of the World:
a chronological summary

India is far behind the rest of the world
as far as access to state-of-the-art
optical astronomy facilities are
concerned.



Current Mega Science Involvement (India already a Partner)
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National Mega Science Projects: highest priority

National Large Optical/IR Telescope (NLOT)

A major recommendation of the ASI Vision
2024 document as well

A 10-12 meter class telescope
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Background & Current Status

Discussion meeting on NLOT during the annual meeting of the
Astronomical Society of India (ASI) in 2019 and 2024

Highest priority project in Mega Science Vision 2035 and ASI Vision
(2024) documents

A core NLOT team with representatives from all Astronomy Institutes
In the country set up on November 2023

Currently working on the DPR

Leveraging the facilities, expertise, industrial partnerships, and established supply chains
developed through the Thirty Meter Telescope (TMT) project.
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Leveraging TMT
heritage

1.44 m mirror
segment
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NLOT: Salient Features:
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12/18/2025

IR Astronomy Activity @ TIFR

Balloon based Ground based

INSTRUMENTATION
IN INFRARED
ASTRONOMY

Satellite based
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TIFR Ground-based IR Astronomy Program - Progression Plan

TIRCAM (InSb 58 x 62 array) TIRCAMZ2 (InSb 512 x 512 array) 2005+
1.2-meter Mount Abu (PRL) 2001-05 2-meter IUCAA telescope (Girawali, Pune)

TANSPEC
(2048 x 2048
HAWAII-2 RG) First light
on
3.6-meter ggrl‘%
ARIES
telescope
(Nainital)
2019+ TIRSPEC (1024 x 1024 HAWAII-1 RG)

12/18/2025 2-meter Himalayan Chandra Telescope (Hanle) 16



12/18/2025

TIRCAMZ2 (TIFR Near Infrared Imaging Camera-II) - Highlights)

TIRCAMZ2 on the side port of
3.6m DOT (January 2019)

lemng mag (TIRCAM2@DOT): Baug et al. (2018)
- J-band (1.20 ym): 19.0 mag (S/N ~ 10; 550s)

- H-band (1.65 ym): 18.8 mag (S/N ~ 10; 550s)

- K-band (2.19 pym): 18.5 mag (S/N ~ 10; 1000s)

- nbL-band (3.59 ym): 9.2 mag (det. limit; 125s)

Journals: 17 (JAI, ApJ, ApJL,

MNRAS, JoAA)

Conf. Proc.: 8
Observations used in PhD Theses : 3 -
TIFR (1), ARIES (1), Gorakhpur Univ (1)
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Devasthal Site Characteristics in NIR
using TIRCAM2 @ 3.6m DOT (2017)

Altitude ~2540 m

Cut-out of a stellar ,
image in K-band FWHM of the stellar image

TIRCAM2 2MASS

Seeing ~0."6

Seeing ~0."45

2MASS TANSPEC

12/18/2025
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12/18/2025

TIRSPEC (TIFR Near Infrared Spectrometer and Imager) — Highligh‘l's

On HCT, Hanle, Ladakh
(2-meter, 4500 amsl) worldwide in May 2014)

@ First light: June 2013
@ Detector: 1K x 1K Hawaii-1 PACE
array (HgCdTe) - 1 - 2.5 microns

@® 5' x 5' FoV Imager + Spectrograph (R ~
1200) - Compact for side port on HCT

@ Near simultaneous observations
with optical HFOSC

@ Heavily used by community (50%)
Ninan et at. 2014

Photometric mag limits:

(exp time ~170s): TIRSPEC Publications (01/2024):
Ks = 17.0 mag (]_O-o) Journals: 26 (JAI, APJ, MNRAS,
H = 17.5 mag (10-0) AJ, JoAA)
J = 18.0 mag (10-0) Conf. Proc.: 7

. Observations used in PhD Theses :
Spectral Sensitivity (10-0): 17 - TIFR (3), SNBNCBS (3), ITA

K ~11.3 mag (~900 sec) (7). ARIES (3), IIST (1)
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uTIRSPEC - Array Upgrade with Speed Increase
Early 2024

> This spectrometer is
completing ~10 years
from its installation
and commissioning

> Infrared Detector
Array (Hawaii-1 PACE)
- approaching to end
of life - replaced by
H1RG (Hawaii-1 RG)
array - extend life
(10 - 15 years)

HAWAII 1 PACE FPA H1RG FPA

> Faster Readout [4
Channels to 16

Channels] Upgrade operations at TIFR, Mumbai

12/18/2025 ~0.9 Sec & 225 mSec



Fast subarray readout mode of TIRCAM2 and TIRSPEC

for millisecond cadence observations of transients

TIRSPEC

2020 June 6 Pluto occultation light curves
(Sicardy et al., 2021, ApJL)

Ground-based stellar occultation observed
on 6 October 2022 provides a new

measurement of Triton's
pressure (Sicardy et al.
Under Review)

atmospheric
2024, ApJL,

TIRCAMZ2

rrrrr
4000 } 1-hd284115/eg ‘

Uranus ring occultation enabled by high-
: speed capability

[

of
35 i “RES.DAT
200 b

208 F
E

Light cur?e of a star during occurlfaﬁon by moon
obtained with TIRCAM2 subarray (32x32 pixel)
mode at DOT (Richichi et al., 2020, MNRAS) 21




TANSPEC (TIFR-ARIES Near Infrared Spectrometer) - HighlighTS

On DOT, Devasthal (Nainital) (3.6m, 2450 amsl)

@ First light: 2019

@ Detector: 2K x 2K H2RG (HgCdTe) -

0.55 - 2.5 microns

@ 1' x 1' FoV Imager / IR Guider +

Spectrograph (R ~ 2750) - Main port instrument
@ Simultaneous observations Optical - NIR

Regular Science observations through
TANSPEC on 3.6m DOT:

Cycle_2020-C2:
Cycle_2021-C1:
Cycle_2021-c2:

Cycle_2022-C1:
Cycle_2022-C2:
Cycle_2023-C1:
Cycle_2023-C2:

Observed sensitivity (10-0; one hour): J ~21.5,
H ~20.0, K ~19.0 mag, R ~23.0, I ~22.5 mag

17-Oct-2020 - 30-Nov-2020
02-Apr-2021 - 31-May-2021
06-0Oct-2021 - 06-Dec-2021
01-Jan-2022 - 24-Jan-2022
17-Mar-2022 - 15-May-2022
01-Nov-2022 - 17-Dec-2022
03-Apr-2023 - 31-May-2023
28-Nov-2023 - 31-Jan-2024

= TANSPEC

TANSPEC Publications (01/2024):
Journals: 14 (PASP, ApJ, JoAA)
Conf. Proc.: 4

Observations used in PhD Theses :
3 - TIFR (1), ARIES (2)

Spectral sensitivity (1.0 slit): K ~15.7 (XD) = sharma et al. (2022, PASP)
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Shape and radial profile of stars in the K,

(upper panels) and r' (lower panels) bands
using the slit viewer on the TANSPEC.

Observed sensitivity (10-sigma. one
hour): J ~21.5, H ~20.0, K ~19.0 mag,
R ~23.0, I ~22.5 mag

Sharma et al., PASP, 134, 1038 (2022)

Image of the globular cluster
M53 taken in the K, band using

the slit viewer of the TANSPEC
on 3.6 m DOT on 2019 April 20.
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TANSPEC Spectral Range: (Expected range: 0.55 - 2.54 micron)

Stellar Spectra: ~0.55 - 2.50 micron
Lamp Spectra: ~0.4 - 2.54 micron
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MOIS: Path Finder for NLOT

e Multi-object Infrared Spectrograph (MOIS) 1.0 — 2.5 micron [Pl: P. Manoj & B. Mookerjea]
e 3.6 m Devasthal Optical Telescope (DOT)
e Configurable Slit Unit Technology

L O

Field in focal plane Slits formed by CSU Spectra on Detector
with CSU bars open on target objects



MOIS: Path Finder for NLOT

e Multi-object Infrared Spectrograph (MOIS)
e 3.6 m Devasthal Optical Telescope (DOT)
e Configurable Slit Unit Technology

Imaging Field Example Slit position
3.1
.................. A = = = = 2 s = omomomomEEoEoEoEomom
9.1
v
9.1 9.1

Numbers for 3.6 m DOT

Spectra
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Status

e CSU unit designed, fabricated and
tested successfully at cryo.

e Optics Design completed.

e Opto-Mechnical Design advanced
Stage.

Madhwani et al 2023, Jal
e Filter Wheels under fabrication

Surya, A,, et. al. 2023, SPIE
27



TA-MOONS: Path Finder for NLOT

e Multi-Object Optical to Near-infared Spectrograph (TA-MOONS) [Pl: Joe P. Ninan]
e 3.6 mDOT for 0.36 to 2.5 micron spectroscopy survey
e Deployable Slit Technology

e DST (ARIES) - DAE (TIFR) (50-50) Partnership.
e Eight 6” slits in 12 arcmin FoV on DOT.
e Simultaneous spatial and wavelength coverage.

200000 -

175000 +

150000 -

125000 +

6 times faster to
cover 360 nm to
2500 nm

100000 +

75000

50000 -

Number of Exposures for 100% YSO Survey

25000 -

0-

2xFOSC XShoot

8 Mslit/DMD Op & IR Fiber



Status

e Front optics design of robotic arms completed.

e Opto-mechanical design in
advanced stage
o Cryostat and Electronics design in

advanced stage.
o Fabrication of precision stages,

prototype arms and slits

PDR on 10t" December 2025
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FIR Astronomy using balloons (TIFR-Japan Joint Collaboration)

"T100" payload on Launch Arm

India-Japan collaborative research based on
[C II] balloon-borne experiments using the
TIFR telescope & Japanese spectrometer

FIR Spectroscopy 1999+

TIFR 100 cm Robust signal

Balloon Borne Jll Processing & image
Far Infrared processing scheme

Telescope

Primary : 100 cm Final ma

aluminium; pesoluﬁoI:\

mass f~l 85Oth ~ 1.0 arc min
o. of launches:

28 (since 1983) (e
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Fabry Perot Spectrometer (FPS)
(Developed at ISAS & Nagoya Univ, Japan & adapted for T100)

Spectral Resolution (R) ~ 1800 (~170 km/s)
Spectral scanning range ~ 63.2 - 63.5 cm”™-1

(157.41 ym - 158.57 um)

Stressed Ge:Ga photoconductor
(Spectral Response)

Basic configuration
of the FPS

Scanning Fabry Perot

31



TIFR 100-cm + FPS ([C II] 158 um)
(25-Nov-1999,25-Nov-2001, 30-Mar-2003,
15-Nov-2004, 21-Nov-2006,05-Feb-2009)

Last 7 T100+FPS flights (18-Feb-2017,
30-Nov-2017, 18-Mar-2018, 28-0Oct-2018 and
18-Feb-2023, 05-Dec-2024, 29-Mar-2025) - Next
IR balloon Campaign: November 2026

TIFR 100-cm balloon-borne telescope =
T100 payload

Main exp balloon

Fabry-Perot Spectrometer ([C II] 158 ym) =

(W3, RCW 36, RCW 38, NGC 2024, Mon-R2,
Carina, NGC 6334, NGC 6357, W31, RCW 106,
W40, RCW 42, NGC 3603, RCW 116, GM1-24,
RCW 40, S255,....) - 16 star-forming regions

Ky



12/18/2025

Scientific Outcomes

e Large-area [C II] maps of Galactic star-forming regions
W31 Carina NGC 6334

“Large-scale mapping of the massive star-forming region
RCW38 in the [CIl] and PAH emission”, H. Kaneda, T. Nakagawa,
S.K. Ghosh, D.K. Ojha, et al., Astronomy & Astrophysics, Volume Ojha et al. (2022),

Good spatial
correlations

“[CIl] emission properties of the massive star-forming region RCW 36
in a filamentary molecular cloud”, T. Suzuki, S. Oyabu, S.K. Ghosh,
D.K. Ojha, et al., Astronomy & Astrophysics, Vol. 651, id.A30 (2021).

(3]
Contours: [ClI]
Images: dust
(] emission from

a) Very cold dust,
b) Cold dust,
c) Warm dust,

d) PAHs
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Upgradation of FPS

from single pixel to 5x5
array detector

Best effort Spectral Resolution ~10000

= Design and development for

the Telemetry upgradation
from existing ~10 kbps to the
~256 kbps is in progress.

We plan to use advance FPGAs
and Micro-controllers to
implement designs.

We are planning to interface
and test new FPS and T100
electronics in next few months
and looking for the test
balloon flight during 2025.

Design and Development of new 5x5 array FPS, its readout
electronics etc. is supposed to be completed in few months.
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[ TIFR Heritage ]

6round-based IR Astronomy Space-based IR Astronomy

l

v v y

IRSIS T100 IR payload

Lab Model | Balloon | for L2 point
l Borne + l

Completed

FPS
and revised
report is
submitted
to URSC-
ISRO in Feb
2023. PDR

TANSPEC
@ 3.6m DOT

TIRCAM?2
@ 3.6m DOT

TIRSPEC
@ 2m HCT

Science Science Commissioned
observations J observations on 3.6m DOT in
in progress W are continuing the second

and plans to quarter of 2019
upgrade the and science
FPA during observations are
2024. in progress.

Proposal
(MISS) was
C IT1 1 submitted
Elm Iir]\e > to ISRO in
survey using épr‘ll 2018.
FPS (single oncept

detector). design is in
progress.

may be
scheduled in
2024 .

Upgrade to
5 x 5 BIB-

type Ge

Future: single slit to multi-slits detector

(MOIS, TA-MOONS)

12/18/2025 (future). 35
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Summary - Future Proposed Indian Observatories

A major new development in recent times is the participation of India in multiple international
megaprojects in astronomy: LIGO-India for setting up a gravitational wave detector India, the Thirty
Meter Telescope (TMT) project for near-infrared and optical astronomy, and the Square Kilometre
Array Observatory (SKAO) for radio astronomy. These projects provide Indian astronomers access to
cutting edge facilities over the coming decades. In addition, several major ground- and space-based
projects are in the pipeline (NLOT, NLST, ExoWorld, INSIST.....).
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Thank you!

INSIST
A UV spectroscopic missic
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