610C ‘TC 4990100




SKA

Evoluzione galattica, materia ed energia
oscura.

Relativita generale

Magnetismo galattico ed intergalattico.

Scietific observations from 2025 on

SKA1 South Africa Australia

Receptors/stations 200 512
Raw data output 2 TB/s 157 TB/s

Cosmic Dawn
Ricerca della vita.
Sole ed eliosfera.

Transienti radio

advancing

“ (L7) wave crests

CORRELATOR
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The Sun and the Solar Wind
An Introduction

Valentina Alberti




Summary

¥ Context — Space Weather
¢ THE SUN

Sun’s facts
Solar spectrum
Solar structure
Solar activity
Flare

CME

© THE SOLAR WIND
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Context — Space Weather

pacecraft effects

Cosmic Rays Energelic Radiation Bell Particles

Astronaut Coronal Mas: :
ol Ejections

o Y
Radialion
&

" Solar Cell Damage — Solar Energelic Prolons
- — \'
Electrostalic Charging

N Magnelic Attitude Control o
Enhanced Spacecraft Drag ‘\\ g\“ Solar Flare Radiatlion

Ny

lonospheric Currents .
Crew and Passenger Navigalion l

Aurora and other Radiation ) Errors HF Radio
Almospheric Effects Wave Dislurbance]

.4‘.

Geomagnetlically induced h
‘Z A Currents in Signal
= %.__ Power Sustems Scintiliation ”{‘}“ 1

Disturbed

Pipeline Receplion

Induced Geoeleckic Corrosion
Fleld and Corent

Space weather effecls,
www.esa-spacewealtherng

October 21, 2019



[s it real?

1989. 13-14 March

October 21, 2019

Satellite Tracking Problems
After March 13-14, 1989 Storm

1200

Salellites thatare [ Magnetic
not where they Storminess

should be followin
the storm

1 (Ap Index)
-

| 13-14 March 198 100

10
Day March 1989

During a solar storm in 1989 one lost 1300 of 8000 objects being tracked.




[s it real?

2012, 23-24 April

October 21, 20

1 5.e0 57.@ 2012 e1 23 e742 5.67
e 4.67 56.0 2012 @1 23 0756

e 4.67 56.90 2012 1 23 esl1

e 4.33 2012 e1 23 a3

e 4.33

e 4.33

e 4.00

e 4.00

@ 3.67

e1 23 4
2012 91 23 @700

3 s S YEE -1 -1.00
2012 €1 23 e715 3 -1-1- -1 -1.00
2012 @1 23 @73 3 -1 -1 -1 -1 -1.ee
2012 €1 23 @745 3 o W S o | -1.00
2012 @1 23 esee 3 =1 -1 =1 -1 -1.e0
2012 01 23 @815 3 x Sh o | -1 -1.00
2012 €1 23 es3e 3 a1 =1 -1 -1 -1.e0
2012 01 23 e85 3 e G Tt -1 -1.00
2012 €1 23 e9%ed 3 -1-1-1 -1 -1.00
2912 €1 23 @915 3 -1 -1 =1 -1 -1.e0
2012 01 23 @930 3 -1 ~% -3 -1 -1.00
2012 @1 23 @945 3 -1 -1-1 -1 -1.ee
2012 €1 23 1ee@ 3 o o -1 -1.ee
2012 e1 23 1e1s 3 =1 =1 -3 -1 -1.e0
2012 @1 23 1@3@¢ 3 bt S T -1 -1.e0
2012 01 23 1845 3 -1-1-1 =3 -1.00
2912 1 23 1le@ 3 -1-1-1 -1 -1.ee

4A14 A1 A3 trae > | o 1 1 an

» Etter kiokken 7.15 norsk tid mandag har det bare legt -1 i listen med observasjoner fra NOAA. ACE-satellitten fungerer ikke
B Pethcta % l den skal Foto: NASA/NOAA
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Earth, The re



[s it real?

Reference Stations 131-Chennai (APSAT)
19-Kampala (EUSAT) 700-Kirkenes (EUSAT) 293-Kuwait (EUSAT)
235-Walvis Bay (EUSAT)

From 2011-09-24 12:30:00 to 2011-09-24 13:30:00

SNR C/No dBHz

Chennai, India, Not affected.
Kuwait, EUSAT 28 deg EI.
49.9 Walvis Bay, Namibia, EUSAT 61 deg EI.

45.0 vy A A A A AR A AR A T

] Wwa\M«\,x\,, B i ok A

319 Kirkenes, Norway, EUSAT 12 deg EI.

Stati 1013 Min 40

=

Kampala, Uganda, EUSAT 32

1

Max 42,32 A Med 41.

o I kR

3 f ik g Al 2011, 24 Sept
Max 42.123 HAvE 40.69 Med 41.569 ,

Quiet —— Event| .

i
8
VPE [m]

12:30  12:40 12:50 13:00 13:10 13:20 13:30

Time (UT)

\il\\l‘llll‘\\\lill\li\II\ 0
13:40 13:50

14:00

T T T T T
12130 12H35 12H40 12H45 12H50 12H55 13H00

Ax Trame Conviml

Sré Rouing

| GPS Supporting Transportation Systems |

CIS rMop

Networks

Wrelers
Indemet

7

[y Pasban
To 811 Dizpateh)

| GPS Supporting Communications Systems |
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onnection

Four different types of events

1) FLARE: X-rays/EUV
Reach Earth in 8 minutes

Flare observed
from SOHO

2) Proton shower

Reach Earth in 15-60 minutes

Earths magnetosphere

3) CME’s
Reach Earth in |-3 days

4) Radio burst

Reach Earth in 8 minutes

October 21, 2019



SUN: data

G2 V, absolute magnitude = 4.8 v A4 4

F'sun-Earth = 1.5x10¥m=1AU
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Age = 4.5x10° yr
R®= 696X108 m

Mg = 1.99x103° kg |
Le = 3.86 x 1026 W 4aa

Temperature (K) Density (kg m-3) Chemical Composition

Core 1.56 x 107 1.5x10° 35% H, 63% He, 2% C, N, O,..

Surface 5770 2.07 x 104 70% H, 28% He, 2% C, N, O,..




SUN: spectrum

Specrral irradiance
Wm-2, um-!
InfraRed 52 % 2500 (P | .
VlSlble 41 % 2000 t{\h’l\ Spfc1m1irr diance|at sea fevel . §
NUV <T% o [ z(/““",,mi;. s o i
HD '
| EUV 0.1% | L P M=
. e
{ Radio 0.1% H 2]
500
IR CH0Z0
< 0 Il | NI VAN
X 0.1% , | e k"}’ﬁ"“ﬂ:;.::x_

0 03 06 09 12 15 18 21 24

Energy at Earth = 1380 Wm~2
Variations £ 3% (1326 + 1418 Wm™?) s AT~ 1%

A/year ~ 0.018%




UN: Sun Wavelength Chart

S ray

Heray

HMI Depolergre HMI Mcgnetogram Hm! Cenfinuum
Sartace movemer Maeagnetic (i rMatches visiole 'gh

DiDNarée Photospher Photospaerse

wiltr sviolet

irifravred

holosphers

G T O

AlA 211 A AlA 2 AlA 13
2 million Kelvin 2.5 millisn Kelvin & millon Kelvin 0 million K
3 Flaring regio

Ponotrat
waelength e

DO Goddard Space Flight Center

October 21, 2019



SUN: state of the matter

The matter that constitutes the Sun is in the state of PLASMA

(@)}
( N S
PLASMA: quasi-NEUTRAL gas of CHARGED particles that 5
()
. . o)
exhibit a COLLECTIVE BEHAVIOUR g
o
"
10° TS/ T I
s/ Yy
Ea af \%Q .,/ ﬁ; \/ /Fusion\
TNy
> % "-_ /‘.'///' [,' s g "' 7 \‘-
Sun-Earth Plasma: = 12 |EE ) 2
5 102 I/ \ 70 PN i \\"_7/ pagy—
: i § ’ ,’;) 0 -_‘_/._\ \
T: 6 orders of magnitude | .//G;h . )
. , \ | ) dis ' /
n: 10 orders of magnitude ¢ ::f*. D,
5 | Aikali i, &
= mctalp)&mm 1
o
w »@ 3
(Air) —
leV = 11,6045 K 16 - 10‘15 e 110‘26 1025‘) — '1030

Electron Number Density (cm™®) ttar




SUN: structure

* Core

* Radiative zone
* Tachocline

* Convective zone
* Photosphere

* Cromosphere
* Transition region
* Corona

The Convection Zono
Energy contiouess 12 move loeesd T sstacs

Ivroug® corssction curmts of hedled sl
ca0kad gas i he comecien cme,

The Radiative Zone .~
Enangy mowes sicedly ostward < tabdrg
ore Baan 1 70,000 yesrs b natiin Dhroogh
o Wy of e Sert Rowmen 33 U racka o

Tho cuhears Sowing plasma of De corana ‘I\

b whapad by magrsdie Ml Bowe i tapeavel
farmes caflod coramal streamers, which eadend
milore of miss [0 pach

The Corona

Thi lnairsd sdaments wilin Die comea ghow In
[ s-rwy o] exboemie ulnavioel wanvdengiie:
NASA Insiruments can image e Ser's corona at
[beex bgher srerypes rce P plelosplees iy
Quite e In beee wanvelongle

Ervegy b preasealnd by Homremnundaar rmaciien
STeading axineme Lrnpeskanes deep M Un
Sun's chew,

" The Chromasphere

Thws rolaBvndy (e buyer of thes Sue calbed T
chrormospisete & sculpled by ssagieds Heid bes
2t pesian tho clootrically charged soby plasma.
Decxswrsly larger pheames lealurce—<calied
proménenoos—form and oxtend tar into the vary
faounas and hat corona, samatines ajacting
malarbal amwry froes e Sen

NASA Jenny Mottar
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SUN: core

p+p =*H+et 4+, p+p+e==2H+u, (pep)
* T=1x107K op) |
99.75% | 0.25% g
° R ~ R®/4 ’H + p =s3He + v 200005% _ 3He 4 p wsiHe + et + Ve :.
86% | 14% (hep) N
. =~ | | 2
M M ®/2 *He + *He ==*He + 2p ‘He + “He ="Be + v §
i 99.89% 0.11%
* p=1.5x10°kg m3 — | -
"Be + E_T TLi+ ve Be + P -8B 4 o
. Gallium  jchlorine "M? L 7 p=2 "He 8B =8Be” + et + 1,
10= T T v T T )
1gn F/m +1% Bahcall-Pinsooneault 2004 1 ppl ppll ppIII
10% 1
% : +12%
é X ! 212% i2% !
s ™ il md i Photons: E of the order of MeV
£ 10
= I 1
% o+ } : (gamma-rays) transport energy to
z 100§ |
44 | the outer layers of the star.
o / |
L 1

Neutrino Energy (MeV)




SUN: radiative zone

* AT: 1x107K+2x10°K
* AR: 0.25Rg + 0.7 Rg
* Ap: 20 x103kg m3 + 2 x10%°kg m™3
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©
N
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—
)
o)
o
et
O
@)

Mean free path: A, = 1 mm

Diffusion timescale (radiative zone): t, = 10° yr

e-

< &= 2

er = Free Electron
= Hydrogen
[ | &
Core ; : Interface Layer
‘ . € )
(2 . r\
Photon Helium Nuclei e




SUN: tachocline

Transition region between the radiative and the convective zone

* T=2x10°K

R=0.69 +0.71 R,

Thickness < 0.05 Rg

R/Rg varies by 0.02 from 0° to 60° lat
p=2x10°kg m3

© Location of the SOLAR DYNAMO

SOHO (ESA/NASA)

October 21, 2019



SUN: convective zone

Temperature Gradient (Dalsgaard Model 1)
Core Radiative Zose ' Comective Zone

° T = 2X106 K i 09090 oot Adiabatic Gradient |

140

* AR = 200,000 km " ;
§1M ----------------------------------- %
o

LT i
0.0 02 04 0.6 0s 10

AR L iy

FluidT vertical flow speed magnetic field

http://www.astro.umontreal.ca/~paulchar/grps/mhd_a.html#secl




SUN: photosphere

Solar surface visible in the optical band.

T~ 7500 = 4200 K (r >)
AR ~ 600 km
p~10%kg m3

n~ 102 — 10%' m3(r>)

Solar Activity Manifestations

SDO Oct 6, 2014

Sunspots
Faculae
Granules
Supergranules

October 21, 2019



SUN: photosphere

S ZzuepLarkz YO0

¥ Sunspots
* Umbra:

* B~0.2+0.4T, vertical
T~ 3700 K
* L~3-5% Ly (@500 nm)
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* Penumbra:
* B~0.1+0.2T, horizontal
- L~80%Ls (@500nm)
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SUN: photosphere

Sunspots

Are originated by the presence of very intense magnetic fields that
inhibit upwards motion of hotter plasma from regions at higher

depths

A flux tube is less dense than the surroundings and rises up

Emerging of a megnsetic flux tube

.rj - - "‘-\ \\
S/ 1‘\\ Y Sunspot
L
Fhotesphere i LY
e Buoyaney 5y
r (.f II'I IL'A.
A S Fa Y
Convective / / _~~W7Br-.. %\
rone /'.f },.‘ ;f" f,_r- -\--1"'1..‘\\_ \‘ "'u~|
oA by '\\' S
- - Tenslon ™. N
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— EY ——
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SUN: Sunspots

* Sunspot cycle: periodicity ~ 11 years

* Equatorward drift of activity latitude (butterfly
diagram)

* Hale’s law for sunspot polarity, magnetic cycle
of 22 years

* Sunspot groups tilt (Joy’s law)
* Polarity inversion at maximum of solar cycle

1 October 21, 2019

400 Years of Sunspot Observations

B Modern | .
Maximum A2 )

O

. = -200 £
2 >

1 = -150%
X = 9]

| : « Maunder 100 &




SUN: solar activity

International sunspot number S : monthly mean and 13-month smoothed number

: -~ Monthly
350 | : : —  Smoothed o))
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http://sidc.be/silso/home

SUN: Batterfly diagram

* Equatorward drift of activity latitude during the cycle

=

o
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m

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS 5

o

o

ogN __SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) > 0.0% B> 0.1% 0> 1.0% g
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90, ‘
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http://solarscience.msfc.nasa.gov/ HATHAWAY NASA/ARC 2016/10




SUN: Hale's law

* Hale’s law

« “..the preceding and following spots ... are of opposite polarity, and that the
corresponding spots of such groups in the Northern and Southern hemispheres
are also opposite in sign. Furthermore, the spots of the present cycle are opposite
in polarity to those of the last cycle” Hale et al. (1919).

* Polarity inversion in proximity of solar maximum

October 21, 2019
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SUN: a-() effect

* Kinetic dynamo related to the a-Q effect

Weq ~ 2.9 x10° rad/s (T ~ 24.9 days)
Wi ~ 2.0 x10° rad/s (T ~ 31.5 days)

Poloidal -> Toroidal -> Poloidal->...

N magnetic N

differential

time time

Copyright © Aodison Weskoy

Gong Data

riHz

460

440

420

400

380

360

340

days

Z7.6
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SUN: solar activity

¢ ACTIVITY CYCLE Period range: 7-=13 years

* Shapes the coronal structure and modulates the solar wind

* Modulates the occurrence of eruptive phenomena (flares,
C M E S’ etc . ) Cycle 24 Sunspot Number Prediction (2013/09)

* Modulates solar irradiance
* Modulates UV, X radiation
* CME =>» Space Weather

* Modulates GCR flux

The previous solar cycle is the
weakest (smoothed sunspot number
for Cycle 24 = 70) since 1906
(smoothed sunspot number for
Cycle 14 = 64,2) Hathaway NASAMSFC

http://solarscience.msfc.nasa.gov/predict.shtml
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SUN: corona

* In white light it can be observed only during total eclipses.
* Its structure varies with solar activity
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CORONA AT SOLAR ACTIVITY MAXIMUM CORONA AT SOLAR ACTIVITY MINIMUM




SUN: corona

T~2x109K mwsssd X EUV, UV

n~ 10> =~ 10® m3
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Helmet Streamers
Polar Plumes
Coronal Loops
Coronal Holes

Particle density (cm™)

1 1 1 1 1 11 1 1 1 1 1 1 11 1 I 1 1 1 1 1 11
102 103 104 10°
Height above photosphere (km)

Fontela et al.1990




SUN: corona

© Coronal Loops

Associated with closed
magnetic field lines
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Plasma is injected into the
corona from underlying
layers

Can persist for days even if
the structure is changeable

Are associated with solar
flares

Exhibit a 3D structure

Solar Dynamics Observatory/NASA




SUN: corona

© Coronal Loops
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12001-Mar-13
1 00:13:10

TRACE




SUN: corona

© Coronal Holes

Low-emissivity regions
in the solar corona
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Associated with open
magnetic field lines
m high speed solar wind

Polar regions




SUN: flare

* A solar flare is a rapid energy release in solar corona triggered
by an instability in the magnetic configuration. (Magnetic

reconnection)

* Flares release 10® + 102° J (10%3 — 103? erg) energy in tens of
minutes (Note: one H-bomb: 10 million TNT = 5.0 x 1023 erg)

* Emission almost at all wavelength + energetic particles

Peak in 0.1 to 0.8 nm band

Class [W Sm2]
B | < 10®
C 100<1<10°
M 10> <1< 10*
X | >10%

Each category for x-ray flares
has nine subdivisions ranging
from, e.g., C1 to C9

A multiplier is used to indicate
the level within each class. For
example:

M6 =6x 10> W-m-2

| = burst peak intensity
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SUN: flare

* The X6 flare triggered a radiation storm around Earth

nicknamed the Bastille Day event. S

GOES Xray Flux (5 minute data) 2

E ' | T 3 < S
- Snlar Flares 1 2
1073 ] @
- S E - P
4L _ ] w
i - l qu i
E -”:._5: .H‘.l 1 1 A = &
2k WL | e <
= 107" A ] <
M =N
o™’ \JJ c I
- )
1078 , &

Jul 12 Jul 15

Universal Tirne

Updated 2000 Jul 14 15:04:03 NOAA /SEC Boulder, CO USA



SUN: flare

* The temporal evolution of a flare may consist of three phases:

Preflare phase: lasts a few minutes, g % & g o
coronal plasma heats up, soft x-rays ! £
and H_ brightening A hard X-rays .

Impulsive phase: ~ 3 + 10 min,
energetic particles acceleration, hard
X-rays emission

microwaves

S _......._}........_...._.._-_--

:

2

decinetric radio

intensity
l

I
M

(flash phase: rapid increase in H_, 5 +
10 min) oy

I
Gradual phase: coronal plasma Nm

gradually returns to its original state

time



SUN: flare

Flare evolution by TRACE (19.5 nm)
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SUN: coronal mass ejection

© A CME is a huge cloud of magnetized plasma ejected from
the Sun’s corona into space at high speeds

Sometimes, but not always associated with flare and prominence
eruption
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Apparent angular width:
few + 120° (normal CME)
120° + 360° (partial halo CME)
Front (Earth) or back side directed
CMEs are referred to as halo CMEs

SOHO/LASCO




SUN: coronal mass ejection

* Halo CME are Earth-directed CMEs

2005/01/14 08:42

SOHO/LASCO

October 21, 2019



SUN: coronal mass ejection

Mg;= 10% + 10%3 kg

Etot = Ecin + Epotential = 1020 - 1026"

V =300 + 2000 kms?
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Interfere with solar wind for example by the creation of a
shock wave that moves ahead the CME, accelerating solar
wind particles to high energies




SOLAR WIND

* Itis a stream of charged particles (mostly e and p) released
from the Sun’s corona in radial direction
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The solar magnetic field is frozen in Orbit of Earth

to the radial outflowing solar wind.
Thus, due to the Sun’s rotation, the
magnetic field lines exhibit an
Archimedean spiral configuration.

The angle to the radial direction of
the magnetic field depends on
distance, latitude and the local solar
wind velocity.




SOLAR WIND

* Typical values of several solar wind parameters as measured

by Helios 2 at 1AU p
Wind Parameter Slow wind Fast wind 5
number density ~15cm3 ~4 cm3
bulk velocity ~ 350 km s! ~ 600 km s
proton temperature ~5x 104K ~2x10°K
electron temperature ~2x10°K ~1x 10°K
: ~2x10°K ~8x10°K
a-particles temperature
magnetic field ~6nT ~6nT

http://solarphysics.livingreviews.org/open?pubNo=Irsp-2005-4&amp;page=articlese12.html



SOLAR WIND

Solar wind velocity and interaction with the magnetosphere
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Space Weather Missions

* Ulysses https://solarsystem.nasa.gov/missions/ulysses/in-depth/

* SOHO
http://www.esa.int/Science Exploration/Space Science/SOHQO over
view?2

* Double star (magnetotail and solar cups — follower of CLUSTER)
http://www.esa.int/Science Exploration/Space Science/Double Sta
r_overview?2

e ACE https://solarsystem.nasa.gov/missions/ace/in-depth/
e TRACE http://www.Imsal.com/TRACE/

* STEREO
https://www.nasa.gov/mission pages/stereo/main/index.html

e SDO https://sdo.gsfc.nasa.gov/mission/
e SMILE https://www.cosmos.esa.int/web/smile
* Solar Orbiter https://sci.esa.int/web/solar-orbiter
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https://solarsystem.nasa.gov/missions/ulysses/in-depth/
http://www.esa.int/Science_Exploration/Space_Science/SOHO_overview2
http://www.esa.int/Science_Exploration/Space_Science/Double_Star_overview2
https://solarsystem.nasa.gov/missions/ace/in-depth/
http://www.lmsal.com/TRACE/
https://www.nasa.gov/mission_pages/stereo/main/index.html
https://sdo.gsfc.nasa.gov/mission/
https://www.cosmos.esa.int/web/smile
https://sci.esa.int/web/solar-orbiter

SW Models and Real Time Data

MODELS
* SPENVIS https://www.spenvis.oma.be/
e CCMC https://ccmc.gsfc.nasa.gov/
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Space weather Real Time
* https://sohowww.nascom.nasa.gov/sunspots/

* https://www.swpc.noaa.gov/
e http://sidc.be/



https://www.spenvis.oma.be/
https://ccmc.gsfc.nasa.gov/
https://sohowww.nascom.nasa.gov/sunspots/
https://www.swpc.noaa.gov/
http://sidc.be/

