Cappi Coleman - Option 2: Sun Mission Paper
The Solar Terrestrial Relations Observatory or STEREO mission gives a 360 degree view of the sun.  This feat is accomplished by two satellites orbiting the sun in a heliocentric orbit.  One satellite is ahead of earth’s orbit while the other is behind in orbit.   The STEREO ahead satellite has an orbit closer to the sun than the earth which causes it to rotate faster while the STEREO behind satellite is slightly outside earth’s orbit causing it to be slower.  Both are traveling in the same direction but at different speeds.  
This mission was launched on a Delta II rocket in October 2006.  The gravity of the moon was used to slingshot the satellites into their orbit beyond earth.  They both were sent within minutes of each other in December 2006.  STEREO ahead was sent into its orbit away from earth on the first try.  STEREO behind did not go beyond the beyond the earth’s gravitational pull but was finally sent into its orbit after coming into the gravity of the moon again in January 2007. 
Goals: 
Before this mission, researchers wondered what happened to phenomena they observed on the face of the sun.  STEREO allows researchers to see what is occurring after the sunspots go out of direct view of the sun.  The two STEREO satellites are coordinated together to get pictures at the same wavelengths at the same time.  Because of these satellites, 3D structure of coronal mass ejections has been documented.  Researchers hope to gain a better understanding of this phenomenon that has far reaching effects on earth such as interruptions in power and navigation systems.  Researchers can give more accurate alerts about when space storms will hit the earth due to side-viewing perspectives from the satellites.  
Instruments:  There are 4 basic instrument packages that provide data. 
The first is Connections coronal and hemispheric investigations (secchi).  These instruments include an extreme ultraviolet imager, two white-light coronagraphs and a heliospheruric imager.  These instruments provide a 3D view of coronal mass ejections and help scientists track the particles as they move toward earth.
The second set of instruments is STEREO/WAVES (SWAVES).  This equipment tracks the generation of waves from their ejection from the sun to their interference on earth.  
The third set of instruments is In-situ Measurements of Particles and CME Transients (IMPACT).  These instruments show the 3D distribution and characteristics of plasma as well as the magnetic field changes that occur with the changes in plasma.
[bookmark: _GoBack]The fourth set of instruments is Plasma and SupraThermal Ion Composition (PLASTIC).  These instruments provide information about the particles associated with the coronal mass ejections such as protons, alpha particles and heavy ions.
Mission Goals:
	The goal of the STEREO program is to understand more about the generation of coronal mass ejections.  Researchers hope to understand more about particles within and beyond the heliopshere.  They would also like to learn more about solar wind.
Recent findings:
	With triangulations from both STEREO and SDO (Solar Dynamic Observatory) a 360 degree view of the sun is accessible.  Large coronal mass ejections have been captured by the satellites as well as X class flares.  The views from both satellites have given researchers a 3D view of the ejections.  Researchers have tracked the particles released from ejections back to earth.
Resources:
· NASA STEREO Mission news retrieved from http://www.nasa.gov/mission_pages/stereo/news/ 
· How STEREO Views the Entire Sun retrieved from http://stereo.gsfc.nasa.gov/360blog/
· STEREO Mission Celebrates Five Incredible Years of Science retrieved from http://www.nasa.gov/mission_pages/stereo/news/five-years.html.


SOHO, Solar and Heliospheric Observatory
Goals:
The goals of this mission are to study the sun from the core to the corona and the generation of solar wind.  There were three basic goals of the SOHO program.  The first was to learn more about the interior of sun, the core.  By studying the seismic waves generated from the outer shell of the sun, information has been gathered about the core of the sun.  The second goal was to determine why is the corona so hot and why does it exist.  The final goal was to observe and measure the solar wind to determine how it is produced and accelerated.
Instruments:
SOHO has twelve instruments.  
Coronal Diagnostic Spectrometer (CDS) this instrument provides information about the plasma temperature in the solar atmosphere.

Charge, Element, and Isotope Analysis System (CELIAS). This instrument warns researchers of incoming solar storms.  As the solar wind passes the satellite, this instrument analyses the composition of particles in the wind as well as warns the researchers of incoming solar storms.

Comprehensive Suprathermal and Energetic Particle Analyzer (COSTEP) This instrument classifies and detects the origins of particles.  This instrument works in concert with ERNE.

Extreme ultraviolet Imaging Telescope (EIT) Maps the plasma of the corona of the sun in full disk pictures in 4 different colors in ultraviolet wavelength.

Energetic and Relativistic Nuclei and Electron experiment (ERNE) This instrument works with COSTEP by measuring high energy particles and trying to determine the origin of the particles.

Global Oscillations at Low Frequencies (GOLF) this measures the velocity oscillations over the sun.

Large Angle and Spectrometric Coronograph (LASCO)  This instrument has made it possible to detect over 2000 comets.  A occulter blocks out the light from the center of the sun, allowing the corona to be observed 21 million kilometers from the sun.

Michelson Doppler Imager/Solar Oscillations Investigation (MDI/SOI)  This instrument accomplishes several goals such as recording the motion of the sun surface and measuring the acoustic waves inside the sun’s surface.  As these waves disturb the photosphere they give researchers clues as to what is occurring in the suns interior.  This instrument also measures the suns longitudinal magnetic field.  

Solar Ultraviolet Measurements of Emitted Radiation (SUMER) “The SUMER instrument is used to perform detailed spectroscopic plasma diagnostics (flows,
temperature, density, and dynamics) of the solar atmosphere, from the chromosphere through the transition region to the inner corona, over a temperature range from 10 000 to 2 000 000°C and above.” Retrieved from http://sohowww.nascom.nasa.gov/about/docs/SOHO_Fact_Sheet.pdf

Solar Wind Anisotropies (SWAN). This instrument points away from the sun and measures hydrogen blowing into our solar system from space.  From this they determine how solar wind is distributed.  

UltraViolet Coronograph Spectrometer (UVCS) This instrument also makes an artificial eclipse to observe the corona.  Unlike LASCO, UVCS is for observing the highly ionized coronal plasma closer to the sun.

Variability of Solar Irradiance and Gravity Oscillations (VIRGO). VIRGO measures the variability of the solar constant over periods of days. 

NASA’s vision for exploration:
SOHO first mission was very successful.  So successful in fact that it was extended 5 times.  Because of the extensions SOHO covered an entire 11 year solar cycle.  Because of gyroscope failure, new software was installed that made it function without them.  This was ground breaking for designing future spacecraft. 

Recent findings: 
The SOHO mission has had many firsts.  This mission has been successful in revealing many discoveries about the sun.  From this mission were the first images of the sun’s convection zones and the structure of sunspots on the surface of the sun.  Researchers were able to measure the acceleration of solar wind.  The most beneficial accomplishment of SOHO was the ability to give three days’ notice for space weather that will affect navigation and electric grids.  The most recent and personally exciting recent finding is the discovery of comets; over 2000 comets since January 2011.
References:
· SOHO fact sheet retrieved from http://sohowww.nascom.nasa.gov/about/docs/SOHO_Fact_Sheet.pdf
· SOHO, Solar and Heliospheric Observatory retrieved from http://sohowww.nascom.nasa.gov/about/about.html. 
· 

SDO – Solar Dynamics Observatory
Goals:
The goals of SDO is to study the effects of the variability of the sun on the earth; variables such as particles, solar wind, and the solar atmosphere. By studying the wavelengths released by the sun this program hopes to understand the sun’s influence on the Earth.  Another goal is to be able to predict solar variations that influence earth such as solar flares and coronal mass ejections.  The final goal is to understand the mechanisms of the sun’s magnetic field.  Images from this observatory are much clearer than either SOHO or STEREO.
Instruments:
HMI (Helioseismic and Magnetic Imager) This supports the SOHO instruments with higher resolution capabilities.

AIA (Atmospheric Imaging Assembly) This instrument takes images of multiple wavelengths, 10 wavelengths every 10 seconds.

EVE (Extreme Ultraviolet Variability Experiment) With great precision this instrument measures extreme-ultraviolet irradiance to understand the influence they have on earth climate and near space.

Recent events: 
The moon passed between the SDO satellite and the sun creating a partial eclipse.  A large sunspot region has caused several solar storms recently.  This region is still active and could create more flares and coronal mass ejections.
References:
SDO guide retrieved from http://sdo.gsfc.nasa.gov/assets/docs/SDO_Guide.pdf. 


