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EXECUTIVE SUMMARY

The outer atmosphere of the Sun extends far beyond the familiar yellow disk. The photosphere, the chromosphere, the transition region and corona lie at the base of a vast, largely invisible sea of supersonic solar wind and energetic particles, which pervade the entire solar system.  Radiation and energetic particles from the Sun drive the structure of planetary atmospheres and the space environment.

As humans leave the security of Earth’s magnetosphere, to venture to the Moon, Mars, and beyond, the solar wind with its radiation hazards, high-speed wind streams, magnetic storms, and plasma waves will be the sea upon which we must sail, and planetary atmospheres shield the outposts we will construct. To venture safely into interplanetary space, we must be able to understand and compensate for the changing weather of interplanetary space and understand the environments we are headed for, or remain forever in port.

The atmosphere of Earth …

The study of space weather has become even more important in recent years as society has become dependent on instant communications. Much of the information that we receive every day, telephone calls, television, news reports,

daily weather pictures, and pager notices are relayed to us by communication satellites in orbit high above Earth. Resource satellites monitor crops, the oceans, rainforests, and atmospheric ozone. Military satellites obtain images of critical regions, provide signals which guide “smart” weapons, and ensure

rapid and secure communication with our forces abroad. All of these can be disrupted by energetic solar events.
Science:  For the most part, solar energetic particle events and other disturbances in the solar wind originate at the Sun, Figure 2. Convective plasma flow energy in the photosphere is transmitted upward through the transition region into the corona where it is transformed into heat, energetic particle acceleration, and solar wind flow. While the study of energy flow in the complex magneto-convective atmosphere of the Sun is interesting in itself, it also forges our expectations for how magnetic fields mediate energy flow in non-solar stars, the Milky Way, and other galaxies. However, the intermittent flow of energy from the transition region to the solar corona, determined by the complex interplay between the magnetic field and plasma motions, is poorly understood.

A wide variety of solar activity phenomena, ranging from slowly evolving small-scale features such as active region loops, to rapid large-scale eruptive events like Coronal Mass Ejections (CME), result from this energy flow. High-resolution solar imaging instruments have been available for over a decade. First Yohkoh, then EIT, and finally TRACE have provided breathtaking images of coronal features and processes. Much has been learned from these images. However, these instruments do not allow investigation of a crucial piece of the physical puzzle, namely, what is the role of plasma motions in transition region and coronal energetic processes?
The Normal-incidence Extreme Ultraviolet Spectrograph (NEXUS) will provide exciting new and unique measurements that will quantify the role of plasma flows in a range of dynamic phenomena, revealing the fundamental physics of energy and mass transport in the solar corona, Figure 3. These measurements are only possible with an imaging spectrograph like NEXUS, which covers the proper temperature range, has sufficient effective area to temporally resolve rapidly evolving features, and has sufficient spatial resolution to resolve scientifically

interesting processes as they occur.

Relevance to NASA Goals:  NEXUS science is well aligned with the goals of the Sun Earth Connection theme:

The NASA Strategic Plan“...Protect the Planet” initiative by providing the essential scientific foundation for the development of tools to forecast the near-Earth space weather environment;

The 2003 Sun-Earth Connection Roadmap by providing observations necessary for “Understand[ing] the changing flow of energy and matter throughout the Sun...”;

The Science Challenges identified in the report of the 2002 National Academy of Science Solar and Space Physics Survey Committee; and

The NASA Living With a Star (LWS) Program by providing the essential scientific

knowledge necessary for understanding the fundamental physical processes at work in the corona.

Instrument: NEXUS is the result of a remarkable breakthrough in spectrograph design, which incorporates a Toroidal Variable-Line-Space (TVLS) grating, to perform the necessary measurements on the critical spatial and temporal

scales within the envelope of a SMEX. An off-axis paraboloid primary mirror forms a real image of the solar disk at the position of an assembly containing several interchangeable slits and one slot. The mirror is articulated in pitch

and yaw to allow the instrument field of view (FOV) to point anywhere on the solar disk and corona out to 2 Rsun. This same mechanism compensates for spacecraft (S/C) jitter using error signals provided by an externally mounted

electronic boresight, similar to TRACE. After passing through the slit, the EUV radiation is dispersed and reimaged by a TVLS grating. The TVLS grating allows NEXUS to be roughly a quarter the size of a conventional spectrograph

with similar spatial resolution. TVLS gratings do not require the development of new technology. Gratings are produced using existing holographic ruling capabilities that meet the NEXUS requirements. NEXUS prototype gratings have

been ordered from two vendors, with expected delivery in the early Fall 2004, to demonstrate the manufacturing process and to verify grating performance.

Both the primary mirror, and the grating are coated with high-reflectance, broadband B4C/Ir coatings optimized for the NEXUS bandpass. A translation mechanism is incorporated into the grating mount to allow in-flight adjustment of

the spectrograph focus. Light from the grating is imaged onto two passively cooled, solar blind, Intensified Charge Coupled Device (ICCD) detectors. The optics, mechanisms, and detectors are housed and mounted in an aluminum

structure/optical bench with a length of approximately 1.5 m long, and a mass of 70.5 kg.
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A mission to discover the physics of the Earth-Sun connection








