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Solar Wind

We do not fully understand
the origin of the slow SW,
nor its region of
acceleration /deceleration

Fast SW origin — coronal
holes

It is highly variable.




History

Mar 1716 - the first interpretation of an aurora based on exact sciences as a
terrestrial phenomenon which involved geomagnetism (magnetic
thunderstorms)

Sep 1859 - solar flare in white light — geomagnetic storm
Solar M regions recurrent geomagnetic storms (GSs) (27 days)
Solar wind (Parker) 1956

Spatial era 1957 - terrestrial magnetosphere, Van Allen radiation belts
May 1973 - Skylab (corona in X-ray and white light)

m Coronal Holes — recurrent GSs
m Coronal Mass Ejections — major GSs

Oct 1990 - ULYSSES - Sun at all latitudes
Nov 1994 - WIND (SW data)



Coronal Holes
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Parker Spiral
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SW Structure

1. Fast wind in high-speed streams
High speed — 400 - 800 km s—1; Low density — 3 cm—3

2 s—1; Helium content — 3.6% stationary

Low particle flux — 2 x 10% cm—
Source — coronal holes

Signatures — stationary for long times (days — weeks)

2. Low speed wind near activity minimum

Low speed — 250 - 400 km s~ !; High density — 10 cm—3

High particle flux — 3.7 x 108 cm~2 s~1; Helium content — below 2% highly variable
Source — helmet streamers near current sheet

Signatures — sector boundaries embedded

3. Low speed wind

Similar characteristics as 2., except for:

Helium content — highly variable; Source — related to active regions
Signatures — shock waves often embedded

4. Ejecta following interplanetary shocks

High speed — 400 - 2000 km s—!; Helium content — up to 30%
Other constituents — often Fel6+ ions; in rare cases He+

Sign. of magnetic clouds in about 30% of cases

Sources — CMEs, erupting prominences, flares
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Definition

High Speed Streams

HSS definition:
"An increase of solar wind speed tl
lasts several consecutive days (at l¢

two)"

Principal selection criterion:

V (kms)

AV1 > 100 km/s that lasts two d:

AV1 = V1 -V0
VO - the smallest 3h velocity for a
given day

V1 - the largest one for the next

February 2016

t(mdd3m)
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Definition

HELIOPHYSICS SYSTEM OBSERVATORY

+ 20 Operating Missions with 27 4
Spacac + Solr rbiter
“\6 Missions in Formulation :

"

OPERATING & FUTURE




Software
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Input data Algorithm

m Bartels rotation number
= 3-h mean values

= the SW plasma temperature (K) = maximum (Vmax) and minimum (Vmin) values of the
= SW proton density (N/cm?) 3-h speed for each daily set
m SW plasma speed (km/s) = Vmaxnext - Vmin > 100 km/s

Detection
= identification of the maximum speed Vmax

Output dat . ape . .
utput data = identification of the end time of the event, when the

= list of numbered HSSs speed decreased to (or near to) the V0 value from the
m start time beginning of the event

m duration m new increase greater than 100 km/s appeared before
= initial and maximum speed values the fall under the initial value V0 of the speed, it was

. considered that a new HSS event
the speed gradients
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Detection

V (envs)

High Speed Streams - Validation
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& Geomagnetic Storm Association
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GSs

Energy Estimation

e = 100V B® [§ sin' (g) [J/s]
Akasofu, 1981
Ern =3.78 x 10" no* Vi,'" BS®® <sm2-7 (g) + 0.25> [J/s]

Wang et al., 2014

/ ¢ dt [J]
-

WEm E[N dt [J]



Exa m ple — non geoefFeCthe HSS (Besliu-lonescu, Maris Muntean, Dobrica, 2022)
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Example = Cont — geoef[:ectlve HSS (Besliu-lonescu, Maris Muntean, Dobrica, 2022)
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@ StatIStICS (Besliu-lonescu, Maris Muntean, Dobrica, 2022)
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HSS geoeffectiveness
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Corresponding Value

-0.9988
0.0051
-0.0061
0.0053
0.1425
0.0843
7.6450

Besliu-lonescu and Maris Muntean, 2020

AIRA, 9 Feb 2022
Method based on Besliu-lonescu et al. (2019)
Summary of regression coefficients
Regression Coefficient
Vo
VMax
A VMax
dur
Bz _min
IMF
b0
21% success rate — training set
24% success rate — validation set
HSS Geoef-

fectiveness
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Summary

Online Catalogue of CH driven HSS for SC24

385 streams

178 HSS associated with 282 GSs

207 non-geoeffective HSSs

minimum phases of the 11-yr solar cycles are not quiet intervals
Probability computation of HSSs geoeffectiveness needs improvements
higher probability of geoeffective HSSs during the descending phase
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