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The Sun Today

International sunspot number S, : monthly mean and 13-month smoothed number
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SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2017 July 1




Fig. 1.2. The solar corona as seen during the total solar eclipse on July 11, 1991. Courtesy: High
Altitude Observatory (HAO), Boulder, USA.




The existence of the solar wind was deduced
theoretically from HD equations by Parker in
1958
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The Earth‘s atmosphere shields part of the solar
EM Spectrum - Need for space exploration
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Figure 3.3. Absorption of solar radiation by the Earth’s atmosphere. The shaded areas provide
the height above ground where the incoming intensity is reduced to 50% of its original strength.
After Nicolson (1982), adapted by Stix (2004).
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The advent of the space age: In 1962 Mariner 2
records the solar wind
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Fig. 1.5 Three-hour averages of the solar wind proton density and flow speed
observed by Mariner 2 in 1962 [1.21]. The time coordinate has been broken into

27-day solar rotation periods Neugebauer und Snyder (1962)
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* 2.0 - 6 solar radii; Film detector (5°
resolution)

* ~100 CMEs observed, established importance

te, bright feature

the field of view of the
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SKYLAB: Coronal Hole Extensions in 1974
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based on Helios 1,2 measurements

Plasma bulk velocity V 300 - 800 km/s
Proton density Np 10 cm?®
Proton temperature T 4-104K
Electron temperature T, 1.5-10°K
Magnetic field strength B 4-5 nT Helios-Orbit:

Plasma composition 95% Protons, 4% Helium 0.29-1AU
Tl ions, very few heavy
elements, same number of
free electrons (quas
neutrality)

Earth




Correlated Analysis of Remote Sensing and In-Situ
Observations with P78-1 and Helios 1 & 2

JME  Helios 1 1980171173 - EEY Helios-Orbit: 0.29 - 1 AU

5-8-79 s 1215UT

Solwind Coronagraph on board
P78-1(1979-1985)

Earth

The Helios 1 & 2 Spacecraft
(1974-1986)

Burlaga: Magnetic Clouds



A Magnetic Cloud (Helical Flux Rope CME in the Solar Wind) Measured
by Helios 1 following a S/C Directed CME

Suprathermal Electrons
(E=221 keV)

19807171

T ? Phillips et al., Solar Wind 7, 1992

IMF Polar (NS) Direction

IMF Azimuthal (EW) Direction

IMF Strength

~ i Bothmer. Solar Wind 9, 119-126, 1999



Explanation for the Magnetic Structure of a

CME in the Solar Wind

|

MAGNETIC
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Goldstein, 1983, Bothmer & Schwenn, Ann. Geophys., 16, 1-24, 1998

In Principal,

the Cylinder can
be Arbitrarily
Inclined

with Respect

to the

Observer!

Helical
Structure!




Cycle n+1

The B&S Scheme for FR CMEs

Magnetic polarity of sunspots Structure of filaments
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Quadrupolar Fields not Included
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Flux rope type of magnetic clouds

LH-helicity

RH-helicity

LH-helicity

RH-helicity

Bothmer & Schwenn, 1998



SKYLAB 1974
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Coronal Mass Ejections
(CMEs) occur on variable
spatial- and time-scales.

Speeds: 300->3.000 km/s

About 5o CMEs with speeds >
3.000 km/s per cycle
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Radiation Hazard to Astronauts, Airline Crews and Passengers




SEP effects on SOHO solar cells

SOHO Solar Array Degradation, based on the average of the two section currents (PISW1 and
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SEPs cause problems for stat trackers, electronic devices (e.g. Nozomi)
Brekke et al., 2006
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Human radiation hazards due to solar energetic particles (SEPS)
and cosmic rays (CRs)

Effects of SEPs and CRs on solar cells and electronic devices
Effects of dust particles on solar cells
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A solar flare erupting from‘the sun. Photo: AP Photo/NASA

'Solar storm' grounds Swedish air traffic

Published: 04 Nov 2015 17:01 GMT+01:00
Updated: 04 Nov 2015 17:25 GMT+01:00

Bl Share W Tweet Q* Share | & reddit

Planes were grounded at some of Sweden's buslest airports on Wednesday afternoon because of a “solar
storm" Interfering with air traffic control radar systems, authorities sald.

No aircraft were allowed to take off from airports in southem and central Sweden due to 2 massive geomagnetic solar
flare storm causing problems for radar systems.

Ul Wallin, press spokesperson at Swedawa, the organization managing Sweden's airports, told TT that airports at
Landvetter in Gothenburg and Arlanda and Bromma in Stockholm were affected.

“Those arplanes that are in the air are allowed to land &t the airports they're going to, but no planes are taking off,*
he said.

The problems began at around 3.30pm on Wednesday. An hour later, traffic had begun to return to normal, but it was
not known when airporis would be operating at full capacity again, said Per Froberg, press spokesperson for
Luftfartsverket, responsible for air traffic control in Sweden.

“[The solar storm) has meant that we haven' been able to see the airplanes on our radar screens. We are starting to
get the systems up and running again but it's unclear when everything will be back to normal.* he told the Aftonbladet
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Tropospheric Halo

Halo CME
V ~ 3000 km/s



Interplanetary Magnetic Field (IMF)_ ~ Earth’s M‘agnétic-Fi,efd e




January 10
23:55:01

Aurora

Goodrich et al. 1997







Aurora in the sky at Gottingen on 30 October 2003
and associated geomagnetic fluctuations.

- SOHO halo CME alert on 28 October

- Estimated arrival time based on CMEspeed

- Identification of CME arrival in ACE real-time
data

- Aurora expected after 20 pm on October 30

- watched in my garden around midnight




Maximum
© 0.2 Events per Day in Minimum
Mass: 5x10*2 bis 5x10%3 kg
Velocities:

20 km s (sub-sonic) up to over
2500 km s (sub-alfvénic)

CMEs with V>400 km/s cause
shocks

Time until arrival at Earth:




STEREO & REO A
- Earth -
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'_ Relative orbital positions of both STEREO ép‘acecraft for each year
' ' from June 2007 to June 2015
(Diagram not to scale)



SRS

% (HEE)

/
s
! F]
| s
] J
I |
1 !
| 1
]
b L
Y L
l. Y

-

-~

ater

.Sun

cury v

L]
I

| | '
y ' i
l ‘
I U
1 r
) 1 -
J |
f I -
! !




December 2008 - First CME Tracked All Away Along the Sun-
Earth Line

Davis et al., 2009
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STEREO-A:12/11/08 12:55:00 AM

Credit: NASA, deForest
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GOTTINGEN

( | o The Graduated Cylindrical Shell Modell

d ~ N
, CME Model / AN
Axis ~__  / AN y_

., /
d / Source Region
[ Central Position

(A. Thernisien et al. 2006 )

Dacititn o ol Geometrical parameter:

il i cle: O Ang{e between both.legs: 20
Radius of cross-section: a
Electron model: Distance between sun center & boundary point of GCS: r
Gaussian width of density profile inside GCS: o,  Height of the legs: h
Electron density: N, Tilt angle: y

Gaussian width of density profile outside GCS: o, Distance between O (sun center) & leading edge: heont
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: Simu | EUVI A

SC-B: Simu r EUVI B







STEREQ Behind EUVI 195 . STEREC Ahead EUVI 195

2010-08-24 18:55:30
. 2010-08-24 18:36:28 .

A4
SOHO (and ACE) .

STEREO 3 - STEREO

(Behind) - (Ahead)

SDO Proba2

Relative positions of SOHO & both STEREO spaéecraﬂ )
STEREO spacecraﬂ attained 90° separation on January 24,2009
{Diagram not to scale)
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LASCO C2 - 2014/02/25 - 00:00:05Z
AlA 171 - 2014/02/25 - 00:00:11Z







Il Formulation
I Implementation
M Primary Ops

R;'IESS| M Extended Ops

Cluster—ESA (4)

-

Solar Probe

Voyager (2)

Solar Orbiter-ESA
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le features

COR2-A £
2013/09/29 23:54:00

AlA 304 - 2013/09/29 - 18:00:31Z

Expansion of fine-scale
features

2008=09—29 24004




GOTTINGEN

[ Amom CME on 29 September 2013

N

COR1A" .

(Stereo Orbit Tool) HI'1A

CME Analysis — N. Mrotzek, HELCATS Team UGOE



GOTTINGEN

[ morn GCS Modelling of Multipoint Observations

Position on Sun:

d=12° 0 =25.12°
Associated C1.2 Flare at:
®=33° ©6=10°

Geometrical parameter:
a =63°

y =-74.87°

K=a/r=0.54

GCS Modelling 2013-09-29 - N. Mrotzek, HELCATS Team UGOE




( e Forecast bases on 3D CME Modelling & CME Propagation

» Which part of the CME hits
earth?

» Assuming self similar expansion
of the CME!

» Calculate Expansion factor using
GCS parameters.

» Combining the EF with the arrival
time in L1 we can calculate the
distance of the APEX for this
time.

Event from 29. Sep. 2013:

hEarth - VEarth

EF = = 0.88

hApex 15’Apex

CME Kinematics 2013-09-29 — A. Pluta, N. Mrotzek, HELCATS Team UGOE
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CME Slgnature in ACE Solar Wind Data
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ESA Space Weather Plans in SSA - Lagrange

SWE Space Segment Target

i 4

: ( Impact o
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Forecasting/
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SSA SWE Lagrange Mission Roadmap
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-day movie (40min cadence)
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= Goes to the last unexplored region of the solar system and enter
the solar corona as close as 9.86 Rs |

= Will answer fundamental questions of Heliophysics:
> The heating of the solar corona
> The origin, structure and evolution of the solar wind
> Origin of solar energetic particles

* Investigations:
> FIELDS: measurements of magnetic fields, AC/DC electric fields

> SWEAP: measurements of flux of electrons, protons and alphas \
> ISOIS: measurement of solar energetic particles 3
> WISPR: measurement of coronal structures

> Observatory Scientist

@/ JOHNS HOPKINS
APPLIED PHYSICS LABORATORY 1 3_65



PSP Mission Scenario — Observations
from 0.25 AU to 9.86 Rq

Encounter transition HGA transition
o \ SCience D
OW/?//'/?

7 Venus flyby
— &
qj ()/-(IIS
HELLENIC ASTRONOMICAL SOCIETY
S : i / E
n

Encounter transition

HGA transition 07-05537-006

Vpgp~200 km/s
Vieiios~70 km/s

@/ JOHNS HOPKINS
APPLIED PHYSICS LABORATORY 1 3_66



Results from solar wind extrapolations

(CGAUSS)

*Helios structure selection Extrapolation to 0.04 au
. 138 fast wind streams (V__ ) o Fast:V =689 km/s

. 184 slow wind streams (V o Slow: V ;= 195 km/s

min)
Radial velocity distribution - Exponential regression fitting

1400 — T I T T T T T
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What is WISPR (Wide Field Imager for
Solar Probe Plus)

Instrument Overview
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heliophysics observatory

= The solar wind outflow and CMEs are intimately

connected to the photospheric magnetic fields

= Reliable space weather forecasts require a precise
understanding of the underlying science — 3D topology,

expansion, drag

= The challenging new missions Solar Probe, Solar Orbiter
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