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Fundamental Question: What is the underlying physical process by which high energy radiation and particles are created throughout the plasma universe?





Science Objectives


Where are the regions of particle acceleration?


What are the mechanisms that lead to reconnection?


What micro-scale instabilities lead to global effects?


Where are the reconnection regions and what is their topology?





Why is RAM important? RAM will locate and measure the high energy particles at their source in the Sun’s outer atmosphere.





When will RAM be ready? RAM is ready for a Science Definition Team immediately. 








Mission Description:


Continuous solar observations from Geostationary orbit.


Solar-Terrestrial Probe class mission.


Mission lifetime: 3 – 5 years


Launch between 2011 – 2014.





Measurement Strategy: Spectroscopy & Imaging Requirements:


Ultra-high resolution (0.02”/pixel) EUV coronal imaging


High resolution (0.1”/pixel) EUV/UV spectroscopy


X-ray Imaging Spectroscopy (1”/pixel, 2eV resolution) from 0.2 to 10 keV, with millisecond time resolution


Hard X-ray Imager (~15”/pixel, 5 to ~80 keV)


Multi-wavelength EUV/UV context imager


High time resolution in all instruments





Reconnection and Microscale Solar-Terrestrial Probe








RAM Mission Goal: Resolving the genesis of the Sun's explosive activity.





RAM will observe the fundamental scale at which magnetic fields energize matter in the solar atmosphere. This is fundamental to meeting the Strategic Roadmap goal of understanding the Sun and its effects on the Earth, the solar system, and the space environmental conditions experienced by human explorers. In the larger context of exploration of the universe, RAM will address basic questions central to the dynamics of hot magnetized plasmas which make up nearly the entire visible universe.





Relation to the Vision requirements: A human presence in space requires both an ability to predict the occurrence of flares, CMEs and other dangerous events and to take protective measures in response. Some progress in detection has been made in recent years, primarily from instrumentation in space that detects events when they occur and that measures them as they approach the Earth. The next round of solar satellites – Solar-B, STEREO and SDO – will greatly improve our detection capabilities, and will help us to understand the large-scale global properties of the solar atmosphere which lead to these eruptions.





What is needed in NASA’s future planning is a mission designed to reach an understanding of the energy release process itself. The solar corona is dynamic because it is a hot magnetized plasma rooted in a turbulent solar surface. We now know that eruptions such as CMEs are driven by both the large-scale configuration in the corona and by a highly localized small-scale process that allows the energy stored in the corona to be released, producing hot X-ray sources high in the corona. Improved forecasting depends on an understanding of this energy release mechanism, and this requires that we observe the fundamental scale at which magnetic fields energize matter in the solar atmosphere. None of the presently planned missions has the capability to observe the Sun at these scales.





The RAM Probe is synergistic scientifically with studies of the Earth’s magnetosphere by missions such as MMS, and technologically with missions such as Constellation-X. RAM provides the high resolution imaging and spectroscopy that, in conjunction with instruments such as the Heliospheric Sentinels’ Neutron Imager, Gamma Ray and X-ray imagers, yields a complete picture of solar energetic events.





Critical Time frame: With only two solar maxima between now and the proposed human mission to Mars (and only one before the lunar missions) it is critical that we improve our understanding of the fundamental physics of solar explosive events. The RAM instrument package is designed to provide breakthrough observations via a greatly enhanced discovery space, while also coupling the unique new data to our present understanding of coronal dynamics.





During CY 2005: The RAM Mission is ready for the formation of a Science Definition Team (SDT) and for Technology Development Funding for the enabling and enhancing technologies.





RAM Lite: The instrument package in the RAM Probe is tightly coordinated to provide balanced and complementary data sets. Any significant reduction in scope of the mission will result in significant loss in observational capability. There are several potential alternate mission configurations that could be implemented, with a consequent loss of science but with some cost savings: instruments can be dropped, resolution can be reduced, mission lifetime can be shortened and telescope duty cycle can be reduced The costs savings and trade-off against reduced science capabilities would need to be evaluated by an SDT. Such mission concepts should also be widely discussed within the community to determine whether the reduced capabilities are considered acceptable.
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Enabling Technologies (current TRL estimate):


Large format, high count rate X-ray calorimeter 


TRL 5: Based on Astro-E II and Constellation-X development efforts





Enhancing Technologies (current TRL estimate):


Large Format Fast Read CCDs 


TRL 4. Fallback: current generation CCDs, butted.


Mechanical cryo-coolers for extended operational life


TRL 4.5: ACTDP development unit (TRL=5) delivery at end of FY’05. Fallback position is to utilize SIRTF-type Dewar with stored cryogens (TRL 7.5)





Technologies at TRL ≥ 6


Hard X-ray focusing optics


TRL 6: based on HERO, HEFT


Extendable Optical Bench


TRL 9: RAM can re-use the SRTM deployable mast to reduce cost, risk.


Image stabilization techniques


TRL 6:  RAM extends techniques from TRACE and SOHO/MDI and SDO/AIA missions.


Multilayers for the high resolution imager optics


TRL 9: Based on TRACE and SDO/AIA heritage.


Ultra-high precision optics


TRL 6: Comparable size/quality are currently fabricated for X-ray lithography.


Graded multilayers for broadband, high energy response


TRL 6: Based on HEFT and AIA development efforts











