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The Primary Mirror
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30m equivalent hyp
primary mirror,

492 segments, 1.44m each,
Collecting area 655 sg m

FOV 20 arcmin,

0.31 to 28 micron band pass
Angular resolution with AO ~7 mas




Keck
36 Segments
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492 Segments



T™MT

Ritt(':helyc;cmétien l f/15 final focal ratio
optical de WIRC .
P NFIRQ??{_ NIRES-B

PEI = surface 20m
3.1m convex ¢ ertiary mirror
hyperboloidal | e

secondary mirre

30m hyperboloid: grcmin field
f/1 primary mirror MIRESNY rew

MIRAO {‘” o < 2 m diameter
Flat 2.5m x 3.5m “ P .4

tertiary mirror — ald curvature
dius 3.01m

50m tall, 56m wide, 1430 tonnes moving mass
of telescope, optics and instruments.



TMT Segment Support Assembly
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The TMT-India Partnership

Indian Institute of Astrophysics
Lead Institute, TMT-India Centre

Inter-University Centre for
Astronomy and Astrophysics

Aryabhata Research Institute of
Observational Sciences
Other Research Institutes
University Departments



India-TMT role in the project Eswar Reddy

» Emphasis was given to WPs whose knowhow could directly help to
take-up projects such as 10-12-m within the country.

The M1 Optics System Contains:
« 492 Primary Segment
Assomblies (PSAs)
* Spare Segments

(tip, tilt, piston)

MU b PSA adjustable |
Wi ustable In
AP e BDOF w.rt. M1 Cell
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LIGO India

Direct Detection of
Gravitational Waves



The Binary Pulsar

1913+16 0
Hulse & Taylor 1974 ]
Orbital decay due to *é
the emission of =10
gravitational waves §-20
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General Eelativity Prediction —
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Detection
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Principles of

Detection




Schematic of the Advanced LIGO Detector
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End mirrors

4km x 4km Ultra
High Vacuum Pipe to be
Fabricated in India

10 mega -litres at  nano-
torr

1.OpMW
Fabry-Perot Cavity

A Input mirrors

Beam- / <

splitte 1.0MW

Nd:YAG laser Power Recycling

Fabry-Perot Cavity
A =1064nm Mirror '

Signal Recycling
Mirror
To Photodetector



LIGO
Hanford

Northern
Arm




Initial detector
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The Reach of Advanced LIGO

Sensitivity
10 x LIGO

\Volume 1000
X LIGO

Event Rate
>>1000 x LIGO

A day in the life
of A-LIGO ~

A year In the life
of LIGO




First Detection
GW 150914



Strain (1072%)
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GW 150914
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GW 150914

Primary black hole mass
Secondary black hole mass
Final black hole mass
Final black hole spin
Luminosity distance

Source redshift z




Global Network of Gravitational Wave

Nhcarvatnriac

LIGO-LHO

Jture: LCGT 3 ki
AMA/CLIO

LIGO-LLC

T. Sourdeep




Science Gain from Strategic Geographical Relocation
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The LIGO-India Partnership

Inter-University Centre for Astronomy and Astrophysics
Site Survey, LIGO Science and Data Centre, HRD
Institute for Plasma Research
Vacuum, Controls
Raja Ramanna Centre for Advanced Technology
L_aser, Detector, Controls, Next Generation Developments
The IndIGO Consortium
IISER, IIT, IISc, Universities, Institutes...



Big Data in Astronomy



ASTROSAT data flow

Pipeline S/W ISSDC

LO-| Bylalu, Bengaluru
Lev |
dara data
~200 TB yrt
-1 PB Total / I
User Science Analysis
science package ‘
‘ Pipeline S/W Lev 2

Proposal reception, L1-2 data

review & time alloc upplementary POC

. archives UVIT: lIA

Dipankar SXT:TIFR
Bhattacharya

Payload Operations s HEB R
y P CZTI:IUCAA

Centre SSM: ISAC, IUCAA




National Centre for Radio Astrophysics —
Tata Institute of Fundamental Research




SKA

45 TB/sec
exits correlators
500 PB/yr
archival data
Hexaflop computing

South Africa — Australia
2020, 2024
~3000 dishes, 15m diameter
70MHz-10GHz, <0.1”




High Performance Computing Facilities

Data Centres

Data Analytics: Visualisation

Data Mining
Machine Learning
Deep learning

Domain Knowledge
Mathematics
Statistics



Headline in The Times of India and
The Economic Times, May 8, 2016

“Sexiest Job in the 21st Century:
Data Anabytics...”



Mega-Projects and Young Astronomers

Are these long term projects relevant to young
astronomers?

Is developmental work possible while remaining
astronomers?

Is there a place for theorists?
Are the projects preventing individuality?

What will trained people do after finishing with
projects? Is there only jobless growth?

How does on keep up with cutting edge IT?



Thank You!



ASTROSAT

UVIT
LAXPC. ) 1.8” UV imaging
3-80 keV X-ray Timing CZTI
10-150 keV
hard X-ray

imager

SXT
0.3-8 keV imaging

Star Sensors

SSM

rotating 2-10
keV monitor Phased

Array

Antenna http://astrosat.iucaa.in/







Aditya-L1 Solar Space Mission

First Indian space mission to study the Sun.

The spacecraft will be in an halo orbit around the
from an Halo orbit around the Sun-Earth
Lagrangian Point L1, which is at a distance of
~1.5 million km from the Earth.

The 1.5 ton satellite will carry seven payloads to
observe the Solar photosphere, chromosphere and
corona

Launch by PSLV-XL iIs expected in 2019-20.



Visible Emission Line Coronagraph

Wedoe

Internally occulted Solar coronagraph capable of
simultaneous imaging spectroscopy and spectro-
polarimetry close to the Solar limb.

It is designed to image the Solar corona at 500 nm [*"g
with angular resolution ~5 arcsec with FOV 1.05- B‘ DO

3 Rgyp-

It will help study the coronal plasma, heating of
the corona, origin and dynamics of coronal mass
ejections and measurement of coronal magnetic
fileds over active regions.

A USO. ISRO
1570 mm

€ -

Figure 1. Optical layout of Visible Emission Line Coronagraph (VELC).



Solar Ultraviolet Imaging Telescope

Figure 5. SUIT payload with all the subsystems.
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Thermal filter transmits  Angular resolution of 1.4

b |

-

SUIT will for the first time provide full disk observations in the
near-UV. It will

« Measure and monitor Solar radiation in NUV (200-400 nm)

 Simultaneously map the photosphere and chromosphere using 11
filters covering different heights in the Solar atmosphere.

« Measure and monitor spatially resolved Solar spectral irradiance
that governs the chemistry of oxygen and ozone 1n the Earth’s
atmosphere.

IUCAA , IISER Kolkata,
I1A, ISRO Centres.




In Situ Experiments

» There are three In situ experiments: Aditya Solar
wind Particle Experiment; Plasma Analyser Package
for Aditya and a Magnetometer Package.

» The three payloads will sample heliospheric data at
L1.

A unique opportunity to get a better understanding of
the inner heliosphere, and predict space weather
more accurately.

PRL, IISER-Pune, Udaipur Solar Observatory, Space
Physics Laboratory, Laboratory or Electro-Optical
Systems



X-ray Spectrometers on Aditya-L1

» The mission will have two high spectral resolution
X-ray spectrometers to study Solar flares.

« Assoft X-ray spectrometer will cover the range 1-
30 keV, while a hard spectrometer will cover 10-
150 keV.

* The instruments together will enable the study of
Solar flare plasma parameters and accelaration
mechanism of energetic particles.



Helios-1 Payload

Figure 4. Engineering model of the HEL10S payload.



