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RADIO SUN

GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] 2021/10/28
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Quiet Sun



The Radio Sun

Quiet Sun

The Sun is the strongest radio

source in the sky above ~100 MHz
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Mostly thermal emission from hot corona
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All layers of the solar atmosphere are accessible to radio observations
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Flux [SFU]

Flux [SFU]

Toyokawa-Nobeyama Radio Polarimeters 1 GHz w/AU corr
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3.75 GHz w/AU corr
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F10.7 index

A=10.7cm = 2.8 GHz

300

Adjusted Flux in Solar Flux Units

50

Figure 3. The flux monitors. Flux Monitor 1, the sec-
ondary instrument is in the foreground; Flux Monitor
2, the primary instrument is in the background, on
the tower.
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Figure 1. Monthly averages of the adjusted (scaled for
an Earth-Sun distance of 1 AU) F;,7 values since 1947.
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Abstract

Aims: The semi-empirical Drag Temperature Models (DTM) predict the Earth's thermosphere’s temperature,
density, and composition, especially for orbit computation purposes. Two new models were developed in the
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F10.7 index
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The sunspot numbers (red curve) and the 10.7 cm solar flux (F10.7, blue curve) from the middle of the 20th
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Solar radio bursts



Radio bursts

Solar radio bursts are produced by
accelerated during
eruptive events of all magnitudes.

For frequencies (f) below ~ 1- 2 GHz, the
dominant emission is called

where energetic electrons trigger
local plasma oscillations which are then
converted into E. M. radiations

focy/n,

Spectral signatures (type I, type Il, type
1 ...)

Above, gyroemissions, gyrosynchrotrons or
bremstrahlung emissions dominate.
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Example in L band

Solar Observations from Humain, Belgium
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Humain

Spectrogram - Radio Spectrum V

2023 05-23 - GOES X-ray Fqu | ARCAS + HSRS (HUMAIN)

|=— 0.05.0.4nm  — 0.1-0.8nm |

Ul
o

[

o

(@]
|

Frequency [MHZz]

09:30

Time [UTC] GOES 16 data: NOAA/SWPC




Radio bursts
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Type I & noise storms

Non flaring radio bursts linked to sunspots

Energised electrons in loops
Observed from 200-300 MHz down to 20-30 MHz :
. o Type | are the individual bursts, storm is the ensemble |
‘& e Can occur with groups and storms of type Il bursts
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Type II bursts

Linked to shock waves propagating out in the corona

GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2024/03/10

@ Slow drifting bursts
~ (hundreds km/s)
‘o Few hundred MHz --> few
MHz
e Show complex structures
(harmonic, band split)
e Speed can be derived
from density model
@ Magnetic field can be
~ estimated
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Type II bursts

Linked to shock waves propagating out in the corona

frame: 0 time: 0sUT:14:21:00 frame: 0 time: 0sUT:14:21:.00




Type II bursts

Linked to shock waves propagating out in the corona

frame: 0 time: 0sUT:14:21:00 frame: 0 time: 0sUT:14:21:.00




Type III bursts

Most frequent type of bursts

0-04 - SPADE (HUMAIN)

e Fast (1/3 c) electron
. beams
§ e Propagate along open
field lines
= o |solated or in groups

e All flare magnitudes

Time [UTC]

2024-10-04 - SPADE (HUMAIN)

Time [UTC] 2024-0Oct-04




Type IV bursts

Energetic electrons trapped in post-flare loops

GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2024/02/09

Broad frequency range (MHz --> GHz)
Long duration

Fine temporal and spectral structures

If observed with LDE, indicative of CME
Can be very intense
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GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2022/03/28
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Impact of solar
radio bursts
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November 4, 2015 - a media storm

- ATC radars in Sweden suffered
severe disturbances between
1420 UT and 16:00 UT

* Sweden: Partial closure of air
space for an hour (Incoming
flights were deviated, no
departures allowed)

* Minor disturbances in Norway,
Belgium e o o
- Geomagnetic storm was
initially considered as the

source of disturbances (media)













Impact on radar systems

106 : : : - ; : -
—— 608.0-614.0 MHz - HSRS
—— 1030.0-1090.0 MHz - HSRS
—— 1400.0-1427.0 MHz - HSRS
608 - 614 MHz - ORFEES
1000 MHz - ORFEES

Flux density [SFU]

10! T T T T T T T
13:30 13:45 14:00 14:15 14:30 14:45 15:00 15:15 15:30

90 A r
75 A

T M MR |
45 ' “ ] -
X

=

30 1 r
154 -
0 - L
_154 600.0-620.0 MHz  —— 1000.0-1020.0 MHz ~ —— 1300.0-1320.0 MHz |

—— 700.0-720.0 MHz ~ —— 1040.0-1060.0 MHz ~ —— 1400.0-1420.0 MHz

—— 840.0-860.0 MHz ~ —— 1200.0-1220.0 MHz  —— 1480.0-1500.0 MHz

-30

13:30 13:45 14:00 14:15 14:30 14:45 15:00 15:15 15:30
Universal Time on 2015 Nov 04




Impact on radar systems
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Solar event

2015-11-04T13: 305 AIA 193 %
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M3.7 flare - peak at 13:52 UT
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Solar event
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In Humain

~ GOES Xray Flux | Humain radio spectra [Callisto + HSRS] - 2015/11/04
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960

Radar band Saint-uert Air base, 21 km
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Noise storms / Type
|

Type Il

Type Il

Type IV

Frequency range

HF, VHF

HF, VHF

HF, VHF

HF, VHF, UHF

Properties

can be intense, long
duration (days),
frequent

last few minutes, rare

Intense, short
duration,
very frequent

Intense, long duration,
broadband

Impact

No

No

Yes
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Where to find solar radio data?

https://www.swpc.noaa.gov/products/solar-and-
Bursts & radio geophysical-event-reports
events https://www.ncei.noaa.gov/products/space-weather/
partners/swpc-products-and-data

Recent radio

flux https://services.swpc.noaa.gov/text/solar radio flux.txt

https://spaceweather.gc.ca/forecast-prevision/solar-
solaire/solarflux/sx-5-en.php

F10.7

Humain data https://www.sidc.be/humain 1 il
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