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Astronomy: A personal reflection

The Only Assumption - The laws of Physics are
same everywhere in the Universe

L imitations of astronomers

cannot go to the places they study

cannot touch the things they study

cannot do experiments

cannot even take a look at the object from a
different perspective

® can only wait for the light to come to them...



The science of accurate
measurements and logical deductions




Why?

®* Sun is the reason why we exist
- primary source of all energy* for the Earth, our
source of life

®* Understanding the Sun is the key to
understanding other stars in the universe

®* Heliosphere provides an opportunity to study
matter (plasma) under conditions which cannot
be created in our labs (yet)

®* Practical reasons
- Space Weather
- Global Warming

* except for nuclear and geo-thermal energy



Radius
Mass
Earth-Sun dist.

Effective Temp
Luminosity
Solar constant

Age of the Sun

The Sun

~7 x 108 m (R, = 6.4 x 10° m)
~2 x 10%*° kg (M , =6 x 10% kg)

~1.5x 10 m (1 AU); 214 R

~5800 K
~4 x 10%° W
~1.36 x 103 W/m?

~5 x 10° yr

Sun



Solar structure
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The Temperature Profile

of the Sun
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The Solar Corona

Total Solar Eclipse 2006 © 2006 Miloslav Druckmiiller, Peter Aniol, ESA/NASA




Sunspots/Active regions
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The Solar Cycle

Monthly Smoothed Sunspot Count (1749 - 2014)

Cycle 24 Sunspot Number (V2.0) Prediction (2016/10)
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The Solar Cycle

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA)
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The Solar Cycle...

- THE SOLAR CYCLE
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SOLAR SPECTRUM, VAF
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HMI Dopplergram HMI Magnetogram HMI Continuum AlA 1700 A
Surfoce movement mMagnetic field polarity Matches visible light 4500 Kelvin
Photosphere Photosphere Photosphere Photosphere

AlA 4500 A AlA 1600 A AlA 304 A AlA 171 A AlA 193 A

4000 Kelvin 10,000 Kelvin 50,000 Kelvin 400,000 Kelvin 1 million Kelvin

Photosphere Upper photosphere/ Transition region/ Upper transition Coronafflare plasma
Transition region Chromosphere Region/quiet corona

AlA 211 A AlA 335 A Dynamics AlA 094 A AIA 131 A

2 million Kelvin 2.5 million Kelvin & million Kelvin 10 million Kelvin

Active regions Active regions ObservatOl’Tying regions Flaring regions




The Corona

al Solar Eclipse 2006 2006 Miloslav Druckmiiller, Peter Aniol, ESA/N/







The Heliosphere
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1000 1000

ULYSSES/MAG

Imperial College
®OQutward IMF
@Inward IMF

LY
EIT (NASA/GSFC)
Mauna Loa MK3 (HAO)
LASCO €2 (NRL)

1000




A view of the solar wind

Passage of comet ISON




The limits of heliosphere

®* The boundary lies

where interstellar BOUAR AP TERMINATION
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Coronal Mass Ejections

(b) SUN |
Electron Heat Flux ey Wi
: A NN
e £ \\
X Magnetic X
y Cloud 2
'~.-’; ) |
75 9
Shock e 7, '-f._j_
Plasma | Counterstreaming — [ °
A Electrons ;
o SV AL
T_-l_m;_-:.;lent .

Sheath

Refresher Course 2019 Masson et aI., 2013



CMEs and Space Weather

Refresher Course 2019



refresher Course 20NASA Goddard Space Flight Center




The Sun-Earth Connection

Travel Time =
2 - 4 Days

Solar Wind \

Direction Bow Shock




Safety
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Magnetic reconnection
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Magnetic Reconnection — CMEs

Holman, 2013



PARTICLES ?

TRAPPED PARTICLES
RECONNECTED FLUX

AROUND THE FLUX ROPE
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The Radio Sun
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Solar spectrum
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Radiative Transfer

O

_{'-_

Source Detector

ds out
S Increases —

<— T lncreases

To=T8t & Thiall —e=)



Radiative Transfer in the Corona

° TB i TChreXp(_rCor) T TCor(l =TE exp(_TCor))
* To, = 104 K; T, = 10° K
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@ 100 MHz, 10°¢ K, typical Coronal conditions



5

Height above surface (Solar Radii)

Characteristic frequencies and
emission mechanisms
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A multi frequency view of the radio Sun

2004 Jun 25 2004 Jun 27 2004 Jun 28 2004 Jun 29

Nancay
Radioheliograph
410 MHz

Siberian Solar
5.7GHz

Radioheliograph Radio Telescope

Nobeyama
17 GHz

Different structures at # v. active regions (GHz), coronal holes



Background Thermal Emission

Electromagnetic Rays Refracting Near Sun at 200.0 MHz

Z, Solar Radii, R,

to Earth

X, Solar Radii, R,

JV,



For the Active Sun

® Incoherent emission mechanisms
- Free-free thermal emission, Gyrosynchroton
- T, contains all the physics (N, T, B field)
®* Coherent emission mechanisms
- Plasma emission (at fundamental and harmonic)
- T — rate of growth of the instability

- Properties in the freg-time plane, polarisation and
morphology provide the physics
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Sample MWA Dynamlc Spectrum
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JZ2000 Declination
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Spatial 153.9 MHz
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Antennas

\...._..,.:.
|
b
VAR BF”

_”.ﬁm.lm
N Tl .._.r.."._n

R LAY

TR

g
T .”...._,..—J”.._.l_ :




Recelvers




Central Signal Processing
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Pawsey Centre




Solar Imaging Requirements

Extreme time variability = no synthesis in time
Spectral features over small fractional
bandwidths = no meaningful frequency
synthesis

Emission scales — resolution/scattering limit to
~45’

Dynamic range requirements > 10°

High dynamic range, high fidelity imaging
capability with monochromatic, snapshot
data over a wide band.



Automated Imaging Pipeline
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Stars In daytime!

combined_image_b069—070_b076—077.fits—raster * Boxes - detected sources
S with a counterpart in the
TGSS 150 MHz survey.

* Sun imaged (0.5 s; 160
kHz) using AIRCARS.

* The model subtracted
from the visibilities and
the residual visibilities
from about 350 such
frames were combined.

* Able to detect sources
<10Jy with >50
confidence.

* The bright annular region
at the center of the image
IS the unmodeled
contribution from the Sun.
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Data/Computation Challenges

* Data volumes
- raw data ~1 TB/hr (~3 PB in the archive)

* Computational burden
- 5min - 1hr/image (4 min of data, ~23,000 images,
~12+ days on a dedicated 36 core machine)
* Reduced data ~1 TB/hr
* Bandwidth requirements

- Data archived at the Pawsey Centre in Perth,
Australia

* What will we do once we make these millions
of images!

MIT Haystack Observatory, 31 October, 2018



Conclusions

* Metrewave radio observations probe coronal
regions

* With the availability of new instruments, this region
IS very promising for investigations of:
- Coronal heating related studies — looking for signatures

of very weak nonthermal emissions which are not
measurable at higher energies

- Space weather studies — by providing measurements of
magnetic fields of CMEs and the quiescent corona

* Very exciting time to study the Sun at low radio
frequencies

Refresher Course 2019
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