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Fluctuations in magnetic field, velocity, density, ...

How do density fluctuations change from the Sun to au?
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Density turbulence model should be equally evident in

« Solar radio burst observations

« Broadening/scintillations of (extra-solar) point radio
sources via solar atmosphere

* In-situ density turbulence measurements

However

In-situ density turbulence
measurements are patchy and far
away from the Sun; also in frequency
Broadening/scintillations cannot go
too close to the Sun

Solar radio burst observations (type
lll bursts) are from low corona to
1AU
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Scattering in solar sources

Narrow-band
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Radio wave propagation emission (~0.1

affects: (I\:/Ioll_rlrze)sponds to
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https://www.nature.com/articles/s41467-017-01307-8
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We simulate for radio sources and
use measurements:

- The size of the sources

- Time-profiles of the
bursts (decay Is z
normally longer) ‘

Observer

- The position of the
source (frequency
dependent)
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Anisotropic turbulence
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density turbulence,
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appear consistent with i 4=
v' Solar radio burst observations | : gasimm e
(size, decay, and position) ~  ITEEL
v Observations of point radio pistance [fRe- 1)
sources (FWHM) via solar
atmosphere
v In-situ density turbulence
measurements P(f) in terms of

alpha and geps?2
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Broad peak between 2-10 solar radi

Symmetry (r/r_sun-1) (although might be not precise) is better
than r- dependency (probably related to magnetic flux rooting
iInto photosphere
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Density fluctuation amplitude at inner scale
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« Simple empirical model o — i )|
consistent with “all” data requires ‘

modest anisotropy 0.25-0.4

« Density turbulence predicts P(f) . 1w°
at 1au in agreement with : .
observations
- Amplitude of turbulence changes "
at supersonic point 5-8 solar 10°
radii, not near superalfvenic .
« Fundamental/harmonic positions o g 0 =
and sizes are virtually the same " a4 Vau |
 Decay time depends strongly on )= & fs(q”( o= ‘f) T .

anisotropy (stronger anisotropy if
sources are fundamental)
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 Type lll burst source sizes are
predominantly determined by
radio-wave scattering over the
entire range of frequencies and
follow a 1/f trend o e L e 3

 Source positions observed atthe . =z i
fundamental and the harmonic are ¢ | ™%
virtually co-spatial

«  Scattering serves to provide a
fundamental lower limit on the
observed decay time of radio e e
bursts emitted via plasma
emission.

 Below ~1 MHz the average decay
time of type Ill bursts is due to
scattering

 Need data in 3-15 MHz void
possibly SunRISE
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Bonus slides:

How does magnetic field affect radio
wave propagation?
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Angular broadenning ...

Radio waves are strongly scattered in the solar corona...

.

& 1958 . 1REE
® s

& 1954 . 938
& 1933 . PRET

Observations of the radio
emission from “point-like” radio
source e.g. the Crab nebula
during June, when it passes
within a small angular distance
of the Sun, have shown that the
radiation suffers considerable
scattering during its passage
through the solar corona....

From Hewish 1958
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http://articles.adsabs.harvard.edu/pdf/1958MNRAS.118..534H
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=
kp=1
kd=1
kp
kd
v

Spectrum of density
fluctuations at 1AU  Let S(q) = S((q.? + a=2q,,°)1/?),

from Chen et al 2012
Vaw
P(f (q SW f) J3
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