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Dr. Terry Kucera

Dr. Terry Kucera is an astrophysicist in NASA 
Goddard Space Flight Center's Solar Physics 
Laboratory. Her research interests center on 
the solar atmosphere, especially solar 
prominences and prominence cavities. She 
currently serves as STEREO Deputy Project 
Scientist.



10 years of STEREO

• The Sun and Space Weather
• STEREO Mission and Highlights



The sun as we see it in visible light is a big white ball with black 
spots, but there are other ways to look at it and obtain other 
information.

SDO/HMI Nov. 11, 2014



We can measure the magnetic field at the surface of the sun. 
The white spots and black spots are different polarities of 
magnetic fields, like the lines you would see in a bar magnet. 
The magnetic fields are key to understanding much of the 
phenomena we see on the sun.

SDO/HMI Nov. 11, 2014



In extreme ultraviolet light we can see the sun’s hot outer 
atmosphere, the corona. The bright spots are active regions.

SDO/AIA Nov. 11, 2014



The sun’s atmosphere is shaped by magnetic fields. The magnetic field is 
the source of all solar magnetic activity. The solar magnetic field is actually 
more complicated than this.

Simple solar magnetic field model
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We can observe the solar corona even further from the sun with a 
coronagraph. There’s a difference of over a million in the brightness of 
the disk of the Sun versus this fainter outer corona. And that’s why we 
get such a spectacular show when we have a natural eclipse using the 
moon.

SOHO/LASCO, Nov. 11, 2014



The solar wind moves out directly from the Sun, but forms a spiral 
pattern because the sun rotates about once every, 27, 28 days. 
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Solar activity goes up and down in a roughly eleven year cycle. 
There’s a gap called the Maunder Minimum in the 1600s when 
there were very few sunspots. 

SOHO/MDI, ESA & NASA

NASA

July 6, 2014 SDO/HMI
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We are currently moving into solar minimum.
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The way we live has changed a lot in the last century or so. 
And what solar activity can do is it can affect our technology

•Satellite Damage and Difficulties 
•Dangers to Astronauts 
•Communications Black Outs and

Radio Difficulties
•Global Positioning System (GPS) 

problems 
•Flow of Currents on Pipelines 
•Electric Power System Problems 
•Confused Homing Pigeons



There are three different types of "solar storms", all giving different 
effects at Earth. The Earth is protected by a magnetic shield that is 
deformed by gusts in the solar wind which cause geomagnetic storms 
and the aurora. What about Mars? Flares emit light 

radiation (X-rays 
and EUV radiation) 
reaching Earth in 8 
min

Solar Energetic Particles 
(SEPs – protons and He 
nuclei) are accelerated to 
extremely high energies by 
solar eruptions, reaching 
Earth in 15-60 min

Coronal Mass Ejections (CMEs)
Clouds of charged particles 
and magnetic fields ejected 
into space, reaching Earth in 1-
3 days
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Solar Activity as Observed from Earth Orbit:
“Solar Storm” Time Line

Hot loops are a 
reconfiguration of 
magnetic fields. The light 
from a solar flare takes 
about 8 minutes to reach 
us

March 7, 2012 STEREO-B EUVI



Solar Activity as Observed from Earth Orbit:
“Solar Storm” Time Line

Sept. 1, 2014 STEREO-B EUVI & Cor1

Solar Energetic Particles (SEPs), 
traveling at not quite the speed of 
light, take 10s of minutes to hours to 
reach us. These things can cause 
problems for spacecraft’s, they’re a 
radiation hazard for astronauts and 
they come pretty quickly after these 
events .
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Solar Activity as Observed from Earth Orbit:
“Solar Storm” Time Line

Aug. 31, 2010 STEREO-B EUVI, Cor1, Cor2, & HI

Coronal Mass Ejections (CMES) 
take 1-4 days to reach Earth.

So what you’re seeing here is a 
numer of STEREO instruments 
combined together. 

In the movie you can see a coronal 
mass ejection and it’s coming right 
out. These are huge clouds of the 
Sun’s plasma and charged particles 
moving out into the solar system. 
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CMEs affect the Earth’s magnetic field. The CMEs come out through 
the solar system and then they interact in fairly complicated ways with 
our magnetic fields and lead to things like the Aurora and a number of 
those space weather effects on us and our technology.



STEREO consists of two spacecraft in orbit about the Sun. They are 
actually going in the same direction as the Earth. That’s key. This movie 
is from the Earth’s point of view, like Earth is stationary but we know 
Earth isn’t stationary.  Works with other missions SDO and SOHO.



When the spacecraft were fairly close together just for a few months 
we could produce these 3-D images and movies. Pretty neat from an 
outreach perspective. But, what does that do for you scientifically? 

April 30, 2007
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This 3D capability is useful for understanding complex magnetic 
fields in the solar corona.
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Two or more points of view can help us understand twisted structures 
like this jet. You can see here that we’ve got a sort of a spiral structure. 



Before STEREO we would ask, are we seeing different kinds of CMEs or 
are we see in the same basic structure from different points of view? 
Two points of view has helped us to understand the structure of CMEs. 



CME structure is consistent with a magnetic field like a large, 
curved slinky
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STEREO-A

ACE

STEREO-B

Particles are one big space weather hazard. Measurements from multiple 
places are essential for understanding where energetic particles come from 
and how they move through space. We don’t really understand the source of 
these particles as well as we thought. We’re seeing them over much larger 
expansions of space than we expected. 
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STEREO spacecraft has five different telescopes on it. And cumulatively, 
they let you image the solar wind and coronal mass injections going 
through all the way from the Sun to Earth orbit which is a first that we 
can actually trace these things the entire way.

COR2
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Connect what is seen at the Sun to what is happening at Earth orbit 
and understand how CME’s evolve as they move out into the solar 
system. Other planetary missions can measure the solar wind. 
Combined, we can get a really complex a full view of solar activity.
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Quadrature is where spacecraft were about 90 degrees away from Earth 
which meant that we could image the entire Sun for the first time. 
Previously, the Sun could be shooting off flares, CMEs, etc that in a week 
or so you don’t have very much warning that’s happening. 
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In July 2012 STEREO-A detected a Super-Storm on the far 
side of the sun with the highest particle fluxes ever 
recorded. It roared away at 6.5 million mph. On average, 
CMEs moves at about 1-2 million mph.
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Data Driven Model of July 2012 Storms

The main CME was directed away from Earth – we only detected it because 
of STEREO. The Carrington event was a major solar flare that happened in 
the 1859. It was a precursor of how technology could be affected by the 
Sun. That one led to problems in telegraph wires and people could see the 
Aurora down in the Caribbean. 
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STEREO Location Oct. 13, 2016. STEREO B was lost two years ago. It 
recently called home. It is spinning and it is rough to get a 
spacecraft that is part frozen to recover. It is a work in progress.
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For more information:

NASA STEREO Web site:
https://www.nasa.gov/stereo/

For STEREO Data:
https://stereo.gsfc.nasa.gov/

Make your own solar movies
(including STEREO):

https://Helioviewer.org

Educational Resources
http://nasawavelength.org/

http://eclipse2017.nasa.gov/
http://sunearthday.nasa.gov/

https://www.nasa.gov/stereo/
https://stereo.gsfc.nasa.gov/
https://Helioviewer.org
http://nasawavelength.org/
http://eclipse2017.nasa.gov/
http://sunearthday.nasa.gov/
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