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Planetary Nebula

Stellar Nebula
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Massive Stars

® Stars <0.4 Mo to >100Mg .

® Massive star : evolution for millions of years - Nuclear fusion.

® Star collapses under its own gravity, Collapse tumns into an explosion ejecting 1%
(~1057 ergs) energy in electromagnetic radiation and 99% (~1038 ergs) in neutrinos.

® \/iolent explosion as supernovae or GRBs (>1 044 Joules).
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Mu\t\vva\/eband VIEW

e (Only optical light in not enough
® \/\le need multi wavelength Astronomy
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Complimentary view
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Multiwavelengtn view
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Kepler’'s Supernova Remnant * SN 1604 ssc2004-15b
NASA, ESA / JPL-Caltech / R. Sankrit & W. Blair [Johns Hopkins University)
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The Swift & Ferm
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Superm\/ae Search

HSC16aasd (nonla, z=0. 19 HSC17bigx (la, z=1.00)

HSC17bqai (I3, z=0.38) HSC16aqgh (la, z=1.25)

HSC17bjyn (la, z=0.63) HSC17aydq (la, z=145)

HSC17¢bcd (la, z=0.87) HSC16adga (SLSN, z= 240)
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_The ASTroSAT

Indian Satellite, Launched 28 Sep 2015
Optical 1o hard X-ray, onboard instruments - UVIT, LAXPC, SXT, CZT]
CZTl best for low latency follow ups - 36 deg? FOV

For significant triggers in 100-1000 keV, CZTI would detect flash
without repointing- open detector with 2 pi FOV.
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Not so easy”

100%

Atmospheric
Opacity

100 m

10 um 100 pm 1T mm 1cm 10 cm 10 m

0.1 Nnm 1T Nnm 10 Nnm 100 Nnm 1T 1M

Wavelength

Most of the
Visible Light Infrared spectrum i Long-wavelength
P L Radio Waves observable Radio Waves

: bservable
Gamma Rays, X-Rays and Ultraviolet o absorbed by from Earth
from Earth, atmospheric - blocked.

Light blocked by the upper atmosphere ith
(best observed from space). SRR R gasses (best
atmospheric observed

distortion. from space).
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—~adio Astronomy’/

® Second (transparent) window he atmosphere is transparent in the
centimeter & meter bands

A< 5 mm mostly albsorbed by molecular bands
A>15 m or so, absorbed or reflected by the ionosphere

VSRP 2010, |5l (il st Tas minhs



—esolution and Radio lelescopes

® A 10cm optical telescope has a resolution /D= 1 arcsec

® [he worlds largest radio telescope (300m) has a resolution = 10
arcmin.
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Radio Interferrometry
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he Very large Array
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The GMRT

’ AE‘;T}{\_

o
[ ™
-
[
(]
%
L )
O
o o .
.. 0.. .
. L .o °. °.
) °
) [
) ]
o* ®

VSRP 2019, Poonam Chandra



The GMRT
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VWhy look through radio Lens”
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® One cannot recreate in the lab. Computer simulations’?

® Sensitive 1o 2D, 3D models, Complex neutrino physics, Role of rotation,
magnetic field, General relativistic, magneto hydrodynamics, Limited by
computing power, Progress Is slow.

® Stellar evolution models leading to end stages of explosions are Not
well known.

® \/ery expensive
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® Supersonic gjecta (>10,000 km/s) moving into the wind (10-50 km/s)
® \\ind created due to mass loss rate from the progenitor star

® Since velocity ratio ~100-1000, observations, say at 10 days, post explosion will
orobe mass loss history 1000-10,000 days before explosion

VSRP 2019, Poonam Chandra



Circumstellar interaction

N/

Wind ~10-20 km/s

*assve Star




Circumstellar interaction
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Wind ~10-20 km/s

viassive Stars—

Shocked ejecta

/ \J0,000 Km/s




Clrcumstellar interaction

Wind ~10-20 km/s

Shocked ejecta
~10,000 km/s
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® nhanced magnetic field near contact
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Only light in not enough
VWe need multi wavelength Astronomy
VWe need multi-messenger Astronomy

sSometimes listening to songs not enough,
need to watch the video too!!!

VSRP 2019, Poonam Chandra



e Detection on 14 Sep 2015, GW 140915
oy Advanced Laser Interferometer
Gravitational-VWave Observatory (LIGO).

e \erging of two ~30 solar mass black
noles. Energy released eguivalent to 3.

e Confirmation of General Theory of Relativity

e Existence of binary stellar-mass black hole
system - such mergers do happen within
the current life time of the universe.
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The GW eventon 17 Aug 2017

170817 - marking the first joint
detection and study of gravitational

waves (GWs) and electromagnetic
radiation (EM).

e Confirmation of heavy elements

e Confirmation that gravitational waves
travel with speed of lignt.

e Confirmation that two neutron stars
make gamma ray bursts.
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GW 170817

Chokcd \)ct C;cc')on

Off-Avis Jet SGRB
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| GO (in India too
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