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WHAT IS FASR?

A solar dedicated radio array designed to perform fime-resolved, ultra-
broadband, imaging spectropolarimeiry.

Angular resolution
Frequency range

Number data
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Frequency bandwidth
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Polarization

Number antennas
deployed

Size antennas

Array size
Absolute positions

Absolute flux
calibration

20/vgnz arcsec
50 MHz — 21 GHz

2 (dual polarization)

500 MHz per channel
Instrumental: 4000 channels
Scientific: min(1%. 5 MHz)
~1 s (full spectrum sweep)
20 ms (dwell)

Full Stokes (IQUV)

A (2-21 GHz): ~100

C (50-350 MHz): ~50
A(2-21 GHz):2m

B (0.3-2.5 GHz): 6 m

C (50-350 MHz): LPDA
425km EW x 3.75 kim NS
1 arcsec

<10%

Angular resolution
Frequency range
Number data channels
Frequency bandwidth

Frequency resolution
Time resolution

Polarization

Number antennas deployed

Size antennas

Array size

Absolute positions

Absolute flux calibration

30/vgh; arcsec

200 MHz — 20 GHz
2 (dual polarization)
1 GHz per channel

Instrumental: 125 kHz
Scientific: min(1%, 5 MHz)
~0.4 s (full spectrum sweep)
20 ms (dwell)

Full Stokes (IQUV)

A (2-20 GHz): ~64

B (0.2-2 GHz): ~32

A (2-20GHz): 2m

B (0.2-2 GHz): 6 m

3 km linear size

1 arcsec

<10%




KEY SCIENCE OBJECTIVES

v' NATURE & EVOLUTION OF CORONAL MAGNETIC FIELDS
* QUANTITATIVE MEASUREMENTS OF FIELDS
* SPATIAL AND TEMPORAL EVOLUTION OF FIELDS
*  SYNERGIES WITH O/IR TECHNIQUES

v" PHYSICS OF FLARES
e « IMAGNETIC ENERGY RELEASE
R e ELECTRON ACCELERATION AND TRANSPORT
' * PLASMA HEATING AND DYNAMICS

v" DRIVERS OF SPACE WEATHER
e CME PRECURSOR & ERUPTION
e CME-DRIVEN SHOCKS AND SEPS
e EXTREME RADIO BURSTS




KEY SCIENCE OBJECTIVES

v" THE “THERMAL” SOLAR ATMOSPHERE
* CORONAL & CHROMOSPHERIC HEATING
* 3D THERMAL STRUCTURE AND DYNAMICS
*  SOLAR WIND SOURCES

v" SYNOPTIC STUDIES
e RADIATIVE INPUTS TO THE UPPER ATMOSPHERE
e GLOBAL MAGNETIC FIELD AND DYNAMO
e FLARE/BURST STATISTICS

Many of these objectives inform stellar studies, exo-space-weather, & exoplanet
habitability!



KEY SCIENCE OBJECTIVES

v' NATURE & EVOLUTION OF CORONAL MAGNETIC FIELDS
s CORONAL MAGNETOGRAPHY (QUIESCENT & DYNAMIC)
* TEMPORAL & SPATIAL EVOLUTION OF FIELDS
* SYNERGIES WITH O/IR TECHNIQUES

v" PHYSICS OF FLARES
e * IMAGNETIC ENERGY RELEASE
R o ELECTRON ACCELERATION AND TRANSPORT
' * PLASMA HEATING AND DYNAMICS

v" DRIVERS OF SPACE WEATHER
e CME PRECURSOR & ERUPTION
e CME-DRIVEN SHOCKS AND SEPS
* EXTREME RADIO BURSTS
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THE IDEA

LEVERAGE RADIO OBSERVATIONS OF THERMAL EMISSION TO MEASURE MAGNETIC FIELDS IN
VARIOUS REGIONS OF THE NON-FLARING SOLAR ATMOSPHERE:

 THERMAL FREE-FREE OPACITY = B s

4 epit 1 m 4petSZin
RL B P

£20 3¢ (n+sn,cosg)® m™ (kT)™ Vee = 2.8 B MHz

Voe = 0.9 n 172 MHz
 THERMAL GYRORESONANCE OPACITY=> |B|

S = v/vg,

WHERE S = +1 FOR O-MODE AND -1 FOR X-MODE AND S=2,3 UNDER TYPICAL CORONAL
CONDITIONS.
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2014 Nov 18-24
Observations in VLA C

1-8 GHz (time sharing)
Dual-pol’'n (RCP/LCP)
1000 channels/GHz (RFI)
~4 hrs per day

At low frequencies
(<1.5 GHz) the emission
is optically thick to free-
free absorption

The free-free opacity
rapidly diminishes with
increasing frequency,
revealing gyro-
resonance emission
associate with strong
magnetic fields over
the dominant sunspots.
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THE IDEA

For a given line of sight,
measure the brightness
temperature spectrum in
RCP and LCP.

Harmonic breaks determine
whether s=2 or 3 and the
field is thereby determined.

3D information is embodied
in the spectrum. Forward
modeling is required to
jointly determine T, n, and B.
Note that vector info is also
contained in the ensemble
of Ty spectral

Mok et al 2003



MODELING
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KEY SCIENCE OBJECTIVES

v' NATURE & EVOLUTION OF CORONAL MAGNETIC FIELDS
* CORONAL MAGNETOGRAPHY (QUIESCENT & DYNAMIC)
* TEMPORAL & SPATIAL EVOLUTION OF FIELDS
* SYNERGIES WITH O/IR TECHNIQUES

v" PHYSICS OF FLARES
e e IMAGNETIC ENERGY RELEASE
R e ELECTRON ACCELERATION AND TRANSPORT
' * PLASMA HEATING AND DYNAMICS

v" DRIVERS OF SPACE WEATHER
e CME PRECURSOR & ERUPTION
e CME-DRIVEN SHOCKS AND SEPS
* EXTREME RADIO BURSTS




ELECTRON BEAM TRAJECTORIES
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Viann eial 2009
Mann et al 2008

SHOCK ACCELERATION IN FLARES

stretched magnetic field line
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RADIO & HXR SOURCE AT THE TERMINATION
OF RECONNECTION DOWNFLOWS
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KEY SCIENCE OBJECTIVES

v' NATURE & EVOLUTION OF CORONAL MAGNETIC FIELDS
* CORONAL MAGNETOGRAPHY (QUIESCENT & DYNAMIC)
* TEMPORAL & SPATIAL EVOLUTION OF FIELDS
* SYNERGIES WITH O/IR TECHNIQUES

v" PHYSICS OF FLARES
e * IMAGNETIC ENERGY RELEASE
R o ELECTRON ACCELERATION AND TRANSPORT
' * PLASMA HEATING AND DYNAMICS

v" DRIVERS OF SPACE WEATHER
e CME PRECURSOR & ERUPTION
e CME-DRIVEN SHOCKS AND SEPS
e EXTREME RADIO BURSTS




SHOCKS AND CMES

Murchison Widefield Array (MWA)

MWA Type Il Burst
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SHOCKS AND CMES

Nancay Radioheliograph (150-450 MHz)

« Synchrotron emission from MeV
electrons associated with fast CME
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$ « Razin suppression allows estimate of
CME magnetic field!

11998 April 20, 10:05:55 uT

Nancay Radioheliograph: 16’MHZ

0 oo 200 500 1000
Fracqusney {MHz)

n.(cm3)  B(G)  vgr(MH2)
1.81 1.45 234 2.5 x 107
0.54 2.05 218.5 1.35 x 107

0.03 2.4 219.5 6.5 x 106
-1.07 2.8 221 5x10°




NEW DOMAIN: COHERENT RADIO BURSTS

The natural frequencies of
a) Zebra Burst b) Spike Burst the solar corona - v, and
RE TR Vg — OCCUr at dm-i to m-a.
A rich “zoo” of coherent
radio bursts occurs atf low
harmonics of these
frequencies or
combinations thereof:
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« Plasma radiation (v,
- Spike bursts ECM (vg,)
- Zebra pattern DPR (vy)

« Their diagnostic potential

22:40:07 22:40:08  19:40:34  19:40:35 18:47:15 18:47:20 is only just now being
UT [2006 Dec 14] UT [2006 Dec 06] UT [2006 Dec 06] redlized




A PRACTICAL MATTER: COHERENT RADIO BURSTS

National Space Weather Strategy

& Action Plan (2015, 2019)

Multi-agency plan in response to potential

for significant SWx events
Five major threats undergoing
benchmarking:

o Induced geoelectric fields
o Ionizing radiation

o Ionospheric disturbances

o upper atmospheric expansion

The science of coherent bursts and our
ability to predict them as a SWx hazard
needs aftention!
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NATIONAL SPACE WEATHER
STRATEGY AND ACTION PLAN

Product of the

SPACE WEATHER OPERATIONS, RESEARCH, and MITIGATION
WORKING GROUP

SPACE WEATHER, SECURITY, and HAZARDS SUBCOMMITTEE
COMMITTEE ON HOMELAND and NATIONAL SECURITY

of the
NATIONAL SCIENCE & TECHNOLOGY COUNCIL

March 2019






Funcamenial Harmonic 3248 MHz

TYPE lll RADIO BURSTS
LOFAR

Use type Ill radio bursts to
demonstrate time delay
due to multi-path
propagation.
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