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1.0 Introduction: Janus: An Earth-Sun Mission

Over a layer of atmospheric gases a mere 100 km thick, the Earth-Sun system evolves from one driven largely by local processes – internal variability modes (ENSO, NAO, QBO), anthropogenic emissions (GHGs, CFCs, industrial aerosols) and volcanic aerosols – to one driven externally, by variations in the Sun’s energy output. Extending even further outwards, the Earth-Sun system evolves from one driven largely by solar electromagnetic radiation changes (in the region 100 to 500 km) to the space environment where particles and magnetic fields are the dominant cause of variance. 

During the space era, specific regimes of the Earth-Sun system have been explored and characterized in great detail, but largely independently of each other. This is true for both empirical and theoretical investigations. As a result we know much about the troposphere, stratosphere, mesosphere, thermosphere/ionosphere, magnetosphere and Sun as individual entities but far less about the Earth-Sun system that they compose. A comparison of the sources of variance in global surface temperatures (troposphere), ozone concentrations (stratosphere) and 500 km temperature and density (thermosphere) shown in Figures 1, 2 and 3, illustrate how dramatically different are the relevant forcings and responses throughout the Earth’s atmosphere.

(NEED FIGURES)
The sources of variance identified separately for the troposphere, stratosphere and thermosphere in Figures 1, 2 and 3, are not confined to those specific regions alone. Nor are the atmospheric responses in different regimes isolated from each other. Rather, a continuum of forcings, responses and internal variability modes pervade the entire atmosphere, with different strengths at different altitudes. For example, ENSO is a prominent source of global surface temperature variability (accounting for a few tenths Kelvin global increase during strong El Ninos, Figure 1), but its influence may well extend into the stratosphere (e.g., Sassi et al., 2004) and higher. The quasi-biennial oscillation of the tropical stratosphere clearly impacts ozone concentrations (Figure 2), but also likely influences the atmosphere at both lower and higher altitude, extending into the thermosphere. Similarly, the SAO extends through much of the atmosphere, and plays a role in organizing responses to various forcings, but with difference expressions in different regimes. Solar variability is widely recognized at causing major changes in the upper atmosphere and ionosphere, illustrated in Figure 3 by the solar cycle temperature increase of 600 K (primarily from increased electromagnetic radiation). But a possible solar influence on the atmosphere below 100 km was largely dismissed as recently as the late 1970s. While Pittock (1978) dismissed as “experiments in autosuggestion” fledgling attempts at that time to link ozone with solar variability, continuous monitoring in the following twenty-five years revealed that ozone experiences significant variance in response to solar variations (roughly 36% based on the deconvolution in Figure 2), comparable to that of CFCs during the past 25 years. This example of rapid growth in knowledge of the Sun-ozone coupling illustrates the crucial importance of continuous exploration of the geophysical environment with high fidelity. Furthermore, both analysis and modeling studies concur that solar effects are manifest in the phase of the QBO (McCormack, 2003; Salby and Shea, 2004), and thus may also influence ozone indirectly.

In the last few years, recognition has grown of the need to recognize the Earth’s atmosphere as one system, and that advances in geophysical understanding will result from dissolving the artificial interfaces of existing regimes – and exploring the Earth-Sun system as a whole. Thus, a few general circulation models are now actively developing realistic stratospheric components (instead of the one or two layers assigned to most models used for most climate change simulations thus far, e.g., in IPCC), Some models – both research (MAGCM, WACCM) and operational (NOGAPS) - are being extended from the Earth’s surface to the lower thermosphere. Simulations with such models expose the coupled dependence of the entire atmospheric system. For example, greenhouse gases, volcanic aerosols and solar radiation are all recognized forcings of direct climate change, but model simulations suggest that they also each have indirect influences via the stratosphere, by altering the vertical and zonal thermal gradients that can affect the NAO, which couples via the polar vortex to the troposphere (Shindell et al., 2001). Furthermore, the northern annual mode, is more localized in the NAO, its the Atlantic expression, during solar activity minima, compared with solar activity maximum when its longitudinal extent expands (Kodera, 2002). In another example, the transport of odd nitrogen produced by solar soft X- rays near 100 km, can deplete ozone during the polar night thereby coupling the lower thermosphere and stratosphere. A direct coupling of the lower thermosphere and troposphere occurs via the global electric circuit, which is maintained in the upper layers by solar ionization.

	Region
	Geophysical Quantities
	Spatial Resolution
	Temporal Cadence

	Thermosphere
	O2, O, N2, temperature
	
	

	Mesosphere
	O2, O3, NO
	
	

	Stratosphere
	O2, O3, N2O, temperature ??, volcanic aerosols ??
	
	

	troposphere
	O2, O3, H2O, temperature ??, industrial aerosols
	
	


Observations of the same geographical regions at different altitudes at the same time are a necessary first step in studying the Earth-Sun system as a single unit. Such observations will enable new understanding of where, when and how forcings, responses and variability in the lowest atmospheric layers, segue into the quite different forcings, responses and variability of the upper atmosphere. Time- and space-contiguous images and data will illustrate where atmospheric layers are coupled with each other (or not), how strongly, and during which seasons. Modes of variability will be extracted from separate atmospheric layers, and compared throughout the entire atmosphere to characterize vertical coupling and quantify the mechanisms.

Goal:

JANUS’ goal is to explore the vertical synergism of spatial and temporal variability within the Earth-Sun system. JANUS will make unique first global scale measurements simultaneously throughout the extended atmosphere, concurrent with the solar energy outputs that control the upper layers.

Specific Objectives:

· Quantify the instantaneous state of the Earth’s atmosphere simultaneously in time and space over a wide range of altitudes, repeatedly over different seasons and for a range of solar activity.

· Characterize the variance in individual layers and geophysical parameters instantaneously over the sun-lit portion of the globe ranging from ozone (0 to 50 km), trace gases and aerosols in the troposphere (0 to 20 km) (add a few key science questions here about individual layers).

· Specify the nature and magnitude of response in upper layers to solar forcing by electromagnetic and particle radiation and the solar wind (e.g., Mike Picone’s objectives; space weather focus).

· Explore vertical linkages by statistically comparing variability modes among different regimes and geophysical quantities (e.g., NO – from Dave Siskind)

· Quantify the nature and extent of penetration of downward forcing by solar variability from upper to lower regions of the Earth’s atmosphere (can add some specific science questions here).

There are plans to measure many geophysical quantities relevant to understanding the causes of variance in the Earth system. For example, operational monitoring by NPOESS will observe key quantities from earth-orbiting spacecraft – temperature, radiation budget, ozone, solar total and spectral irradiance (longer than 200 nm) et etc. (list more). The NPOESS observations are planned to commence around 2010-2012. Living with a Star plans to measure aspects of solar variability, but lacks both a coronagraph (and is therefer4e unable to detect coronal mass ejections) and spectral irradiance observations below 5 nm. These various observations will complement and enhance JANUS observations, which will, in term, provide a unique and previously unavailable, global context.
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	Figure 1 Location and transit to L-1 orbit
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	Figure 2  Spectrometer view from L-1 when the moon is in the field of view


Observations of the Earth from the Lagrange-1 (L-1) vantage point, 1.5 million kilometers from the Earth, near the Earth-Sun line (Figure 1), provides a unique view of the Earth’s atmosphere, from the troposphere to the mesosphere. The key differences from other popular vantage points (e.g., geostationary and low Earth orbit) are that L-1 provides a synoptic view of the entire Earth from sunrise to sunset every 15 minutes (Figure 2), and that the entire Earth is viewed by one satellite with a single self-consistent calibration.  In addition, L-1 simultaneously permits observations out to several Earth radii, where the major Sun-Earth interactions take place in the magnetosphere. When viewing the Earth’s disk, measurements will be possible at high spatial enough resolution (~3 to 5 km at nadir) so that views of stratospheric, tropospheric and boundary layer trace gases (e.g., NO2, SO2, and O3) will be easily visible. The result is that Janus will be able to follow the generation and transport of trace gases and aerosols (dust smoke, and sulfates) for the entire globe as often as 15 minutes. There will be about 40 measurements per day for each location on Earth. In the event of a volcanic eruption, Janus will be able to detect the eruption and follow the ash and SO2 plume. Immediate transmission of volcanic plume information is of critical importance for civil and military aviation, since it is well known that the ash can cause major damage to aircraft. Similar synoptic information will also be available for land events (major dust and biomass-burning plumes and major flooding) and for ocean color (e.g., chlorophyll plumes and major red-tide events). An important reason for viewing the Earth from L-1 is the need for data input into GCM and 3-D chemistry models that are always synoptic in nature.  Janus will provide the first consistent synoptic data input for model calculations. 

	Table xx Comparison of Janus Earth-View at L-1 with TOMS and GOES

	Spatial Coverage
	Janus at L-1

Whole sunlit Earth

Every 15 minutes
	TOMS at LEO

80% of sunlit Earth

Once per day (11:30)
	GOES at GEO

1/4 of Earth every 15 min, No Polar View

	Spatial Resolution
	3 - 5 km
	45 to 90 km
	1 km visible; 4 to 8 km IR

	Type of Measurement
	UV to Near-IR Spectrometer

1 nm resolution
	UV Grating Spectrometer,

6 Channels, 308 to 360 nm
	1-Visible;  4- IR

	Frequency of Measurement
	15 minutes for entire spectrum and 1200 to 2000 scenes
	6 channels once per day for each of 52,000 Earth scenes
	5 channels every 15 minutes;

Visible channel > 50,000,000 scenes

	Science quantities
	O3, SO2, NO2, HCHO,

N2, NO, O2, O

Aerosols (dust, smoke, and pollution),

Cloud Height

Surface UV Radiation Cloud Transmittance and Reflectivity

Cloud Distribution

Cloud Optical Depth

Volcanic ash (15 min. aircraft hazard warning)

Precipitable Water

With auxiliary data:

Cloud Phase

Cloud Particle Shape,

Surface Retro-reflection
	Ozone,

Sulfur Dioxide (SO2), 

Aerosols (dust, smoke, and pollution),

UV Radiation at the Ground,

Cloud Transmittance and Reflectivity

Volcanic Ash once per day
	Cloud Distribution,

Cloud Height,

Cloud Particle Size,

Cloud Optical Depth, 

Aerosols over Ocean,

Surface Reflectance,

Surface Temperature

Fire Detection,

Storm Tracking

	Main Advantage
	Whole-Earth coverage from Sunrise to Sunset; 

First mission to measure ¼ hourly changes in ozone, clouds & aerosols over the whole globe

Fixed azimuth angle
	Highly stable and accurate instrument suitable for trend studies; enables estimates of surface UV radiation

Nearly constant solar zenith angle
	High spatial and temporal resolution; views day and night

Fixed viewing zenith angle

	Main Disadvantage
	Large aperture needed for good ground resolution (0.5 to 0.75 m)

Image stabilization required
	Low spatial resolution and only 1 measurement per day at each geographic location
	Views only ¼  of Earth with no views of polar regions; 5 platforms are needed to cover globe allowing for overlap;

Visible channel accuracy of 3%


While the Earth-viewing spectrometer will provide unique information needed to interpret tropospheric and stratospheric chemistry and transport, it will also provide information about upper atmosphere processes that are crucial for exploring the possibilities of a Sun-Earth connection that affects short-term transport and chemistry with a possible link longer term processes. In order to do this, simultaneous measurements of solar activity are needed (e.g., solar flares and Coronal Mass Ejections (CME) and solar wind shocks and magnetic field jumps). 

The outer atmosphere of the Sun extends far beyond the familiar solar 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 and composition of planetary atmospheres and the space environment. The key question is to what extent do the changes observed in the Earth’s upper atmosphere penetrate into the stratosphere and the possibly into the troposphere.

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.

The solar soft X-ray and EUV radiation below 100 nm is the primary source of energy for the thermosphere and creates the Earth’s embedded ionosphere.  Variability in solar photons at these wavelengths drive  physical processes in these layers of the atmosphere.  Neutral and ion densities increase an order of magnitude or two during the solar activity cycle (see Fig), and as much as 40-70% during eruptive events, such as the Bastille day flare (Meier et al. 2003).  Enhanced atmospheric densities increase the drag in on satellites in low-earth-orbit, including the Internatial Space Station (at 400 km).  Changes in electron density in these layers of the atmosphere directly impact various forms of communication and navigation systems critical to operational systems.  Thus for specifying and understanding variability in the Earth’s atmosphere above 100 km, knowledge of solar X-ray and EUV radiation is crucial. The temporal variations are significant (e.g., Lean et al. 2003; Woods et al., 2004), being a factor of two to one hundred during the solar activity cycle. Over shorter time periods (10s of seconds), solar flares generate enormous variations in the XUV flux, which exceed the solar cycle changes, whereas in the EUV spectrum flare increase are thought to be comparable to the solar cycle change. As well, the periods of intense solar activity that typically produce flares can also produce strong irradiance modulation  with the 27 day solar rotation period.  

Historically, measurements of X-ray and EUV fluxes have been intermittent, and often severely compromised by instrumental effects. The exception is the GOES operational series of X-ray detectors that has observed two bands of X-ray fluxes (at 0.1 to 0.8 nm and 0.05 to 0.4 nm) since the 1970s, with high time resolution but no spectral resolution. More recently, the SEM and EIT instruments on SOHO and the SNOE X-ray diodes have provided information in a few important broad EUV bandpasses. Since 2002 TIMED has been measuring the entire EUV spectrum, with moderate resolution (0.4 nm) at wavelengths above 27 nm, and in a few broad bands at shorter wavelengths. Filtered grazing incidence telescopes have provided high spatial resolution, modest spectral resolution observations of the responsible solar structures. The EVE instrument planned for flight on the Solar Dynamics Observatory will provide the most comprehensive EUV irradiance data set to date. Unfortunately, the EVE high spectral resolution measurements do not extend below 5 nm, and thus do not cover crucial soft x-ray emission lines such as C VI at 3.3nm.  

Even less well observed than the input solar EUV spectrum are the terrestrial responses to these inputs. Only with the recent systematic dayglow observations of GUVI on TIMED (commencing in early 2002) has the synergistic relationship of the FUV dayglow with solar EUV photons begun to be recognized (Strickland et al., 2004). Solar EUV photons at wavelengths below 45 nm have sufficient energy (> 27 eV) to photoionize thermospheric gases, producting electrons with sufficient energy for subsequent excitation. Thus, there is a direct radiative mapping of solar photons at wavelengths below 45 nm (XUV) to the terrestrial FUV dayglow. But as the SEE and GUVI instruments on TIMED are beginning to elucidate this coupling, so too are inadequacies in understanding and in the observations themselves becoming increasingly apparent. This is especially true during flares (which occur much more frequently than previously realized) when there are factors of two differences between the reported solar XUV increases and that expected from the independently observed dayglow increases. In addition to the significant uncertainties associated with the SEE use of broad bands to infer XUV irradiacce increases, the limited viewing cadence of once per orbit severely undersamples the XUV flare irradiance. TIMED’s earth orbiting precludes a global view of the terrestrial dayglow responses – the GUVI FUV radiance image in Fig x is a composite of observations made every orbit for a full day – thus at different times and geographical locations. Dayglow increases during some flares are missed entirely, and simultaneity with SEE relies on fortuitous conjunctions of the two measurements.  For this reasons, the GUVI dayglow observations in Fig x are compared with the SEM and GOES observations which have much higher time cadence.

The deployment of modern satellites separately viewing the Earth and the Sun has given us a remarkable picture of their atmospheres. The views are particularly dramatic for the violent activity on the surface of the sun that produces and modulates the radiation environment of the Earth.  In turn, we see a relatively benign Earth atmosphere that nurtures life mostly protected from the harsh solar UV radiation and energetic particles incident at the top of the atmosphere. Missing from this picture are direct and simultaneous measurements of the coupling of the Earth and Sun from the solar chromosphere to the Earths magnetosphere and into the uppermost layers of the atmosphere.  Is there additional coupling of relatively short-term solar events and variability into the lower atmosphere? 

So far the strong evidence is limited to a few well-documented processes.  

1) For example, a major solar flare in the direction of the Earth perturbs the Earth’s magnetic field and changes the charged particle injection into the upper atmosphere and polar regions. The result is disruption of communications and power grids, changes in the ionosphere, ozone perturbations in the stratosphere, and the production of major increases in airglow at the poles. 

2) We also have documented a clear 11.3-year solar cycle signal in the Earth’s ozone shield and in UVB radiation that is larger than the perturbations produced by chlorine destruction of ozone at all but very high latitudes.  

3) Nitric oxide is unique in that it is highly sensitive to solar and geomagnetic energy inputs into the atmosphere and also can be transported to lower altitudes, deep within the middle atmosphere where solar and auroral effects are typically much smaller. Any mission that studies sun-earth coupling must include the quantitative study of NO.

Aside from modest or spectacular short-term events, there are certainly links between any change in solar energy output and changes in the Earth’s atmosphere and possibly the Earth’s climate.  To date, the existence of such direct links is quite controversial, since the mechanisms to couple changes observed in the upper portions of the atmosphere (thermosphere and mesosphere) are not understood. Observations of such mechanisms would imply a revolution in our thinking about the connection between the activity of the Sun and its effects on Earth. 

If there are significant secular variations in the solar irradiance that reaches the Earth, outside of the well-known 11.3-year solar cycle variation, then the mechanism for short-term and climate change would be obvious. Since the advent of modern solar observations, there have been no such changes at the level exceeding about 0.1 percent, which appears to be too small to produce significant climate effects. Should significant changes occur, then the effect on our environment would be rapid and dramatic. From this viewpoint, it is important to attempt to understand the impact of even the small changes that are occurring in the current Sun-Earth system.

In order to explore for additional Sun-Earth coupling effects, we need to select a vantage point where it is possible to simultaneously and comprehensively observe both the Sun and the Earth, and the charged particle environment between the two.  Such a vantage point is afforded from a satellite stationed near the Lagrange-1 gravitational balance region, 1.5x106 kilometers from the Earth close to the line connecting the Earth and Sun. Carefully selected instruments mounted on a single spacecraft can easily observe the solar environment and its perturbations, the solar-wind region surrounding the spacecraft, and the Earth environment within the Earth’s illuminated disk and out to several Earth radii.  The mission goal is to produce a comprehensive set of measurements that explore the possibilities for Sun-Earth connections, and to take advantage of the L-1 viewpoint to produce a unique synoptic dataset for key tropospheric and stratospheric processes.  

While synoptic high spatial resolution measurements of tropospheric and stratospheric composition and motions are of interest by themselves, they provide a unique basis for atmospheric modeling that should reveal the coupling between the upper and lower portions of the atmosphere.  As mentioned earlier, the ozone amounts in the stratosphere are known to respond to changes in the amount of UV radiation reaching the Earth. In the upper stratosphere, the short wavelength UV radiation is responsible for most of the creation and destruction of ozone.  UV radiation with wavelengths shorter than about 250 nm is well known to vary with solar activity on both a short-term and long-term basis. The resulting change in upper atmosphere ozone amounts affects the amount of UV radiation reaching the lower atmosphere.  Even though these effects are small, they are likely to cause some changes in tropospheric composition and dynamics, and then possibly on the long-term climate. 

The solar wind interaction with the Earth regularly produces magnetospheric substorms that cause intense electric currents to flow between the magnetosphere and ionosphere with energy exchanges in the billions of watts.  The most obvious manifestations of this energy exchange are the intense airglow that occurs over the Arctic and Antarctic regions. During extreme events, these are accompanied by enhancements in the Earth’s radiation belts located near the equator, disruptions of the ionosphere and radio communications, satellite aided navigation, and the distribution of electrical power to homes and industry. These effects are a direct manifestation of perturbations occurring in the solar interior that get transmitted to the solar chromosphere and photosphere and into the solar wind and accompanying magnetic field. The extent to which these events produce more subtle changes in the Earth’s atmosphere and climate system are not currently known.

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 that guide “smart” weapons, and ensure rapid and secure communication with our forces abroad. All of these can be disrupted by energetic solar events.
Other mechanisms involve changes in the amount of ionizing radiation entering the lower atmosphere from either the solar modulated cosmic ray flux, which is anticorrelated with the sunspot number, or from direct injection of energetic particles from the Sun.  The amount of charged particles in the atmosphere is thought to affect the mechanisms for cloud formation. These and other suggested possible coupling mechanisms have not been substantiated, but neither has there been a comprehensive program to make the necessary exploratory observations. 

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.

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.

Observations Needed for Earth-Sun Exploration

Observing the Earth, Solar Wind, and the Sun from Lagrange-1 affords us the opportunity to obtain a unique view of the processes that couple the Earth’s environment to solar activity.  In addition, each of the separate measurements has important scientific value. The key to this proposed mission is the careful selection of measurements and scientific objectives to fulfill a substantial subset of NASA’s exploration goals, and to advance our understanding of the Earth’s environment in a manner that augments existing satellite and ground-based measurements and provides a unique component that can only be done from Lagrange-1.

Nitric Oxide: The Overall goal is to understand the production and transport of nitric oxide (NO). Nitric oxide is unique in that it is highly sensitive to solar and geomagnetic energy inputs into the atmosphere and also can be transported to lower altitudes, deep within the middle atmosphere where solar and auroral effects are typically much smaller. Any mission which studies sun-earth coupling must include the quantitative study of NO. Within this overall goal, we can define 3 specific objectives:


1. Understand the production of nitric oxide in the lower thermosphere. Is the energy output from the sun sufficient to produce the NO we see after adjustments for known terrestrial sources?


2. Understand how perturbations, caused by solar and auroral variability, to the lower thermosphere are propagated in latitude. Is it due to heating effects that drive exothermic chemistry or is the physical transport of trace constituents (such as NO) by the mean wind field?


3. Understand the vertical coupling between atmospheric layers and the propagation of solar and auroral effects to lower altitudes in the atmosphere. What is the seasonal cycle of thermospheric NO transport to the lower atmosphere?

Justification of Measurements

A combination of solar and earth viewing instruments making simultaneous measurements are needed to investigate the nature of the sun-earth coupling. These are summarized and characterized in Table 1. 

Solar Soft Xray Irradiance measurement

Only a small fraction of the sun’s ionizing radiation can penetrate down to the lower thermosphere (z < 120 km), the spectral region that is longward of the N2 ionization threshold (around 80 nm) and the very shortest wavelengths (< 10 nm, the soft X rays). Since odd nitrogen chemistry is initiated by the ionization of N2, it is clear the soft X rays play a pivotal role. Siskind et al [1995] discuss the desirability of knowing the spectrum down to wavelengths as short as 1 nm. Previous measurements of soft X rays (SNOE, SEE) have been limited by the lack of knowledge of the spectrum at high resolution. Thus, contradictory results have been obtained and we still do not know if the solar output matches the terrestrial chemical requirements. This drives the requirement for the measurement to separate individual spectral features (< 0.2 nm resolution)


Earth FUV Spectrometer

The measurement of the dayside earth in the UV contains the signature of numerous NO fluorescent bands. Examples of previous nadir measurements using SBUV-like instruments include Stevens et al [1995] and McPeters [1989]. Stevens et al [1995] were able to document geomagnetic variations in the NO while McPeters documented geomagnetic and solar variations. The spectral resolution of the above data was 1 nm. A key limitation of previous measurements is the lack of altitude resolution (as well as the generally poor spatial sampling which will certainly be vastly improved upon by JANUS). It was thus hard to localize the enhanced NO to a particular altitude level and thus quantify whether vertical coupling between atmosphere layers was occurring. With the JANUS concept we can resolve that limitation by two ways. First, measurement of NO in different bands that are subject to different atmospheric opacities should allow better localization of the emitters. Second, measurement of the NO rotational temperature could localize the emission to either the lower thermosphere (which is warm: 300-400K) or the middle atmosphere that is cooler (< 300 K). To deduce NO rotational band temperatures with sufficient precision against the bright UV disk, a spectral resolution on the order of 0.1 nm or better needs to be accomplished. Furthermore, quantification of the NO rotational temperature and its response due to solar and/or geomagnetic activity could be a unique probe of global atmospheric response at altitudes (95-120 km) where synoptic temperature measurements remain nonexistent.

	Table XX  Proposed Instrument Suite

	Instrument
	Band- pass
	Resolution
	Mass [kg]
	Power [W]
	Data Rate

MBits/sec1
	Estimated Cost

	Earth Observing Suite (multi focal plane)

	Telescope 

(0.5 meter)
	N/A
	5 km 

@ 500 nm
	40
	40
	N/A
	$ 20 M

	EUV 

Spectrometer
	58-120 nm
	5 km, 

0.1 nm
	20
	10
	20
	$10 M

	FUV 

Spectrometer
	120-300 nm
	5 km, 

2 nm
	20
	10
	4.5
	$10 M

	UV and Visible Spectrometer
	300-900 nm
	5 km, 

1 nm
	20
	10
	5
	$10 M

	Near IR Spectrometer
	1.6

±0.1(m
	5 km, 

0.1 (m
	20
	10
	1
	$10 M

	Solar Viewing Suite

	Plas-Mag
	N/A
	N/A
	16
	10
	0.01
	$4 M

	PHA
	N/A
	N/A
	0.46
	
	
	$6 M

	Coronagraph [COR2]
	620-640 nm
	NA
	20
	
	
	$ 10 M

	EUV Spectro- meter [NEXUS]
	46-63 nm
	0.5 arcsec, 

8 km/s
	71
	
	
	$ 35 M

	Soft X-ray Irradiance
	1-63 nm
	0.1 nm
	20
	
	
	$ 15 M
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	Figure xx Image from SOHO white light coronagraph
	Figure xx Image from SOHO EIT at 195A
	


1 Assumes one global observation per hour

   Note:  x-band is about 650 Mbits/sec

Earth-Viewing Imaging Spectrometer

The entire illuminated rotating dayside of the Earth is viewable by a spacecraft located in the vicinity of the Lagrange-1 point.  With an appropriate imaging spectrometer, we can measure the composition of key components of the Earth’s atmosphere (See Table 1).  Some of these are directly related to the Earth-Sun connection (O3, O2, NO, O, O+, N2, and He), while the remaining are of direct interest to tropospheric and stratospheric chemistry or pollution transport studies (O3, H2O, SO2, HCHO, NO2, and aerosols)

The design properties of the spectrometer that views the Earth’s disk are summarized in Table 2. Two possible primary mirrors are listed that are based on existing lightweight designs. These are 5 Kg for a 0.5 meter primary and 15Kg for a 0.75 meter primary. It is assumed that the mirrors are coated in either gold or with indium in order to obtain extended wavelength range required for viewing short-wavelength UV (120 to 300 nm) and that the surface finish is to within 1 nm to minimize scattered light. In the maximum configuration, there will be different focal planes for the EUV, UV, Visible, and NIR ranges. In the minimum configuration, we will propose only the EUV, UV and Visible ranges.  This will permit the Sun-Earth connection to be explored as well as the independent tropospheric chemistry measurements, but will eliminate the possibility of looking at CO or CO2.
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	Figure xx Simulated spectrometer Earth data images showing aerosol, scene reflectivity, and ozone combined into an estimate of 388 nm radiance seen from L-1


	Table 1:  Primary Observed Species in the Earth’s Atmosphere

	Species
	Location in Altitude (km)
	Wavelength Range

	O3
	0 to 80 km
	300 to 330 nm

	O2
	0 to 500 km
	Oxygen A-band

	SO2
	0 to 20 km
	300 to 320 nm

	NO2
	0 to 50 km
	340 to 420 nm

	HCHO
	0 to 20 km
	340 to 420 nm

	H2O
	0 to 20 km
	905 nm

	CO2
	0 to 100 km
	1.6 microns

	Aerosols
	0 to 20 km
	340 to 700 nm

	NO
	
	

	O
	
	

	O+
	Upper ionosphere
	

	N2
	
	

	He
	
	EUV

	N
	
	EUV


	Table 2:  Spectrometer Requirements for 300 to 910 nm   Estimated Cost $60M

	3 km Nadir Resolution at the Earth
	Requires 0.75 meter primary mirror and 3072 x 1024 pixel detector

	5 km Nadir Resolution at the Earth
	Requires 0.5 meter primary mirror and 2048 x 1024 pixel detector

	Cooled detector (-50C) Low dark current
	Cooled to space

	Annealing Heaters
	Periodic removal of radiation damage and outgassing contamination

	Fast Optical System
	f/2 to f/3

	Large dynamic range on detector
	CCD/CMOS hybrid >2x106 electrons

	Rapid readout of detector
	CCD/CMOS hybrid

	310 to 420 nm 0.5 nm resolution and 5 samples/nm 
	550 pixels

	420 to 910 nm 5 nm resolution
	98 pixels

	Image stabilized and Image location
	Moveable secondary mirror

	Stabilized Optics
	Telescope at 20C

	Mechanical Shutter (Rotating wheel)
	Dark Current Measurement

	
	

	
	

	
	


EUV/FUV terrestrial Spectrograph (EUVS)

EUV/FUV Spectrometer and L1 in situ solar wind instruments

I.
A Unique (First-Ever) Capability of this Mission: Global Space Weather in Four Dimensions (Latitude, Longitude, Time, and Wavelength)


This mission builds upon the 35-year history of ultraviolet remote sensing of the upper atmosphere (thermosphere and ionosphere), of the solar EUV flux which drives the upper atmosphere time scales of days and longer, and of solar events which perturb the upper atmosphere on time scales of hours to a day.  The upper atmospheric database (including the ionosphere) is sparse and non-contiguous in composition, temperature, and total mass density. Information on the solar EUV/XUV driver, while improving, is even more sparse. Two ongoing missions (IMAGE and TIMED) measure key aspects of the upper atmosphere, with coverage of a portion of the globe, and TIMED/SEE measures the solar EUV spectrum. However, these data do not satisfy the following requirements for a full, quantitative characterization of the complex cause-effect relationship between solar and upper atmospheric evolution:

1. A near-simultaneous full-disk view of continuous thermospheric and ionospheric evolution over a long period of time – true space weather coverage;

2. Accompanying coincident measurement of solar drivers of upper atmospheric evolution and events

3. Coincident measurement of solar wind parameters that forecast and characterize geomagnetic perturbations of the upper atmosphere. 

The present proposal builds upon past missions and databases to satisfy the requirements enumerated above.

Thermospheric-Ionospheric-Electrodynamics General Circulation Models (e.g., the TIME-GCM of Roble et al.) embody our physical understanding of the Earth's upper atmosphere. Present models are sufficiently faithful to the near-Earth environment to permit the study of possible mechanisms for (generally) local and regional observations of the thermosphere. Global ionospheric models provide a similar level of detail and fidelity regarding the co-resident plasma component. Coincident, long-term, global, high resolution measurements are necessary to test and evaluate the fidelity of current models and ultimately to elevate these models from the realm of demonstrations/mechanisms to that of faithful, quantitative simulations of upper atmospheric evolution over the time period being modeled. Only then can the underlying physical bases for upper atmospheric phenomena and observations be uncovered and will predictions be viable. 

II.
Primary Measurement Objectives – First-Ever Continuous, Spatially Resolved Measurements of Global, Spectral Space Weather Observables:

· Global Dayside Airglow Features: He I 58.4 nm, O II 83.4 nm, O I 98.9 nm, N II 108.5 nm, O I 135.6 nm, N2 LBH

· Detailed Global Morphology of the Dayside Thermosphere (He, O, N2)

· Detailed Global Morphology of the Dayside F-Region Ionosphere (O+)

The thermosphere (neutral upper atmosphere) contains sub-regions that are dominated by individual species: lower thermosphere – N2, upper thermosphere – O, and exobase – He. The column abundances of these species thus provide altitude-dependent tracers of thermospheric phenomena. Similarly, O+ is the dominant ion of the F-region ionosphere, co-resident and coupled to the upper thermosphere.  The EUV and FUV measurements proposed here give us of column abundances of these tracers over the disk of the Earth, allowing us to see the pattern of spatial and temporal variations of the upper atmosphere in response to the sun. 

III.
Science – First-Ever Determination of Cause and Effect Relationships of Global Space Weather

The following are key categories of scientific study that are accessible for the first time under this proposal:

· How does the global dayside thermosphere respond spatially and temporally to the evolving solar EUV flux and to energetic solar events (flares, CMEs)?

· How does the global dayside F-region ionosphere respond spatially and temporally to the evolving solar EUV flux and to energetic solar events (flares, CMEs)?

· How does the Earth's global EUV/FUV airglow spectrum respond spatially and temporally to the solar EUV flux and to energetic solar events (flares, CMEs).

· What are the respective detailed relationships of the evolving solar wind to the evolving dayside thermosphere and ionosphere and to the solar drivers of upper atmospheric structure and evolution?

· In what ways are the signatures of solar evolution and events within the coupled ionosphere- thermosphere environment correlated or unique?

With the proposed full-disk coverage of the Earth's disk and minimum spectral (0.1 nm), temporal (10 min), and spatial (30 km) resolutions, a contiguous series of images of evolving upper atmospheric morphology and composition will be available for the first time.  From statistical analysis of the continuous image database, empirical cause and effect relationships between solar forcings and patterns of composition and characteristic behaviors will emerge.  The multi-year coverage of the sun-Earth system will facilitate comprehensive data mining studies of time periods covered by the mission and of preceding or subsequent time periods with similar characteristics.  Extensive comparisons of the database with general circulation models will reveal mechanisms underlying the observed structure and dynamics and identify significant improvements for achieving new, higher-fidelity models.

The detailed global thermospheric and ionospheric database will provide an essential context for interpreting coincident local measurements by ground- and space-based sensors. We also anticipate significant input, if not outright answers regarding longstanding issues, for example,

1. Detailed spatial and temporal patterns of and correlations among ionospheric and thermospheric responses to energetic solar events and the physical mechanisms underlying these patterns and correlations.

2. The physical basis, structural characteristics, and inter-annual variability of the semi-annual oscillation (SAO) of the thermosphere as well as shorter sub-annual time scales (e.g., ter-annual) of thermospheric variability.  

3. Identification and physical bases of dominant time scales of local and global ionospheric variability.

4. The existence, characteristics, and physical mechanisms underlying the quasi-biennial oscillation (QBO) in the thermosphere and the ionosphere;

5. Persistence of spatial structures within the upper atmosphere on sub-diurnal time scales and longer.

6. Signatures of the solar influence within upper atmospheric evolution and composition.

7. Key solar wind (L1) parameters for the prediction of thermospheric and ionospheric structure, behavior, and characteristics and the correlation of these parameters with solar EUV evolution and solar events.
Science justification

The primary energy source for heating the upper terrestrial atmosphere is deposition of solar EUV radiation. The EUV-FUV airglow, comprising numerous atomic and molecular electronic transitions and amounting to ~5% of the power received, is the ONLY direct signature of solar EUV irradiance (disk-integrated) deposition in the terrestrial atmosphere.  The primary excitation mechanisms are direct photoexcitation of thermospheric species and electron impact, the latter resulting from photoionization.  Except for resonant transition contributions (e.g., H Lyman α 121.6, O+ 83.4, O 130.4 nm), the solar EUV emission at wavelengths < 60 nm is the primary driver of the dayside airglow.

JANUS/EUVS will obtain complete dayside spectrally resolved images of the EUV/FUV airglow at 30-minute intervals. Table 1 and Figure 1 present estimated measurement counts (described below) showing that a number of key thermospheric and ionospheric emissions (observables) are available for imaging (a few at even shorter intervals).  These global images at ~300 × 300 km2 spatial resolution will provide the distribution of the major thermospheric species (N2, O, O+, He) along with opportunity to investigate distributions of minor species (N, H).  N2 LBH and atomic oxygen 135.6 nm emissions are currently measured by TIMED/GUVI to build up partial dayside images over the course of a day;  JANUS/EUVS full-dayside images acquired repeatedly every 30 minutes  will give unprecedented observation of thermospheric disturbances associated with geomagnetic storms and substorms in tandem with direct observation of the solar events driving these disturbances.  Further, related EUV features not routinely observed in past missions (e.g., e─ + N2→ 108.5 nm) will provide alternate N2 and O distribution images subject to fewer retrieval complications (discussed briefly below).
 In addition to quantitative viewing of O and N2 distributions, direct EUV observations of OII 83.4 nm in conjunction with the atomic oxygen abundance retrievals will give complete maps of the O+ abundance distribution, allowing for the very first time global viewing of the earth’s dayside ionosphere.  Another feature of genuine interest is the He 58.4 nm resonance line.  Since helium is chemically inert, the abundance distributions derived from the He 584 nm images will capture purely dynamical upper atmospheric responses to space weather events, enabling identification and investigation of O/N2  distribution variations resulting from local processes (energy deposition, chemistry).

The global FUV viewing of the dayside disk from the L1 point at the proposed spatial and temporal resolutions represents a major step forward in investigation of atmospheric disturbances.  The EUV observations are fundamentally new.  For example, the nitrogen ion N+ 108.5 nm emission, primarily generated by molecular nitrogen photodissociative ionization excitation hν + N2 → e─ + N + N+* → 108.5 nm, stands as a preferable alternative to N2 LBH as a thermospheric observable.  Spectral advantages are obvious:  bright isolated multiplet vs summation over a spectrally distributed band set and direct photoexcitation vs photoelectron impact excitation make this emission much easier to observe and relate to coincident solar EUV spectral flux measurements.  As indicated in the table and figure, this emission is suitable for a 10-min rastering scheme.  Similarly, the hν + O → 98.9 nm multiplet can serve as an alternative or supplement to OI 135.6 nm free from O2 Schumann-Runge photoabsorption.

The EUVS will directly observe F-region ionospheric responses collocated with the thermospheric disturbances via the O+ 83.4 nm emission.  The main mechanisms for generating this emission are photoexcitation and electron impact of atomic oxygen, hence the initial excitation does not relate directly to the O+ density distribution.  However,as the main ion in the F-region, O+ densities are large enough that the 83.4 nm multiplet emission undergoes multiple scattering; in addition, there is direct solar resonant scattering.  Knowing the excitation rates of other atomic oxygen observables like OI 98.9 nm or 135.6 nm (from the measured solar EUV irradiance spectra) and the associated atomic oxygen density distribution (from the measured airglow EUV-FUV spectra), the initial component of the observed 83.4 nm intensities can be readily estimated and subtracted, yielding “pure” O+ 83.4 nm intensities and associated densities in the ionosphere.   

	Feature (Å)
	Counts: 14 sec[2]
	100-Count Intervals[3]

	He 584[4]
	46
	2.2

	O+ 834
	145
	0.7

	O 989
	127
	0.8

	O 1026 + H Ly-
	~17
	7.7

	N+ 1085
	37
	2.7

	N 1134
	50
	2

	O 1152
	6
	17

	O 1173
	10
	11

	N 1200
	186
	0.54

	H 1216 (Ly-)
	2662
	0.04

	O 1304
	2240
	0.05

	O 1356
	145
	0.7

	N 1493
	33
	3

	N2 LBH 1370-1420
	67
	1.5

	N2 LBH 1650-1720
	31
	3.2


Table 1: ESTIMATED AIRGLOW COUNT RATES[1] 
[1] from fit to HUT nadir data (solar maximum conditions) [Bishop and Feldman, 2003]

[2] from 10-minute rastoring over dayside disk;  30-minute rastering will cover solar minimum period of weaker emission

[3] number of 14-sec intervals required to attain 10% uncertainty (Poisson statistics)

[4] estimated average intensity based on past measurements [Meier, 1991]

Instrumentation and observations

 The EUV/FUV terrestrial spectrograph (EUVS) has a dedicated optical channel and will use 654cm2 area of the main telescope in the Global Atmospheric imaging SpEctrograph (GASE).  The FUV channel will have a wide slit (300km at the earth), followed by a grating and photocounting, CsI coated, microchannel plate detector.  The sector of the telescope used by the EUV/FUV channel and the associated grating are coated with Ir/B4C (same coating developed at GSFC for NEXUS).  The spectral coverage ranges from 58.4 to 172nm.  The spectrograph components (slit, FUV grating, detector) are standard components with extensive heritage.  The GASE telescope continuously rasters the globe every ten minutes.  The EUVS channel is continuously integrating as the telescope is scanning and taking spectra from at other wavelengths.   The EUV/FUV lines are relatively dim and count rates for the instrumentation were calculated and presented in Table 1.  Figure 1 shows identifies the count rates for individual spectral features.  Brighter features are accessible in a single ten minute globe raster; dimmer features require either further spatial summing or summing multiple rasters. 

Figure 1 :  EUV/FUV Terrestrial Spectrograph count rates.  This figure presents expected count rates for the EUVS, calculated for near-solar maximum airglow based on Astro-1 Hopkins Ultraviolet Telescope (HUT) dayglow measurements made 7 December 1990 close to the subsolar point [Bishop and Feldman, 2003].  The fitted radiance spectrum (R/Ǻ) on 1-Ǻ wavelength grid has been converted in this example to counts acquired over a 14-second integration period viewing a 300 × 300 km2  area on the earth disk with the optical system described in the text (three Ir/B4C coated optics, a grating and CsI photocathode, with a collecting area of 654cm2).   Good counting statistics (counts greater than ~100) are acquired for a number of airglow features in a 10-minute disk-raster sequence (see Table 1);  summing multiple rasters (~30 minute) will retrieve high-quality disk images of a number of other relevant features.
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Solar-Viewing Instruments

The solar physics goals are to observe the following

1) Origin of flares

2) Coronal Mass Ejection: initiation and propagation

3) Coronal heating and dynamics

4) EUV Irradiance

5) Flare spectra

6) Energy transport and momentum

Janus Plasma-Mag Solar-Weather Instruments
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	Figure zz
Schematic drawing of the Faraday cup electron spectrometer showing the ability to analyze the particle distribution function in terms of energy level and angle of velocity vector.


The Plasma-Mag instruments are intended to characterize the magnetic field and solar wind composition and energy (Faraday Cup) at high time resolution.  This is possible because Triana is a 3-axis stabilized spacecraft permitting near-continuous measurements at several times per second.  Previous solar-wind measurements from the spin-stabilized WIND spacecraft could only be made when the Faraday Cup pointed towards the Sun.

Since Janus carries a sun-viewing instrument to measure the solar wind (Faraday cup) and a magnetometer, the data can be used to provide early warning of solar events that might cause damage to various electrical devices (e.g., power generation, communications, and satellites).  

An approximately 1 hour warning can be given to the appropriate agencies charged with safeguarding equipment on Earth and in near Earth orbit.  Present plans include routinely giving the data to NOAA with only a 5-minute delay between detecting the event at the Janus spacecraft position and the time it is delivered.

The solar wind goals are:

1) Measuring the solar wind magnetic field from a 3-axis stabilized spacecraft.

2) Detecting the onset of major solar storms

3) Measuring the time resolved electron and proton energy spectra.

For this mission we are proposing a maximum of 3 solar-viewing instruments and a package of solar wind instruments. 

	Item
	Description
	Status
	Cost $60M

	1
	Solar Coronagraph (2 to 15 solar radii FOV)
	Exists
	10

	2
	EUV Spectrometer (46 to 63 nm, 0.5 arcsec resolution)

	Exists
	10

	3
	Irradiance Spectrograph (1 to 63 nm for whole solar disk) NEXUS
	New
	30

	4
	Solar Wind (Magnetometer, electron and proton energy analyzers)
	Exists
	10


Solar Coronagraph Overview

The solar coronagraph on JANUS (J-COR) will observe the rotating panorama of the outer solar corona.  The coronagraph will image the evolving coronal streamer belt and directly detect coronal mass ejections.  CMEs are the primary solar drivers of large, nonrecurrent geomagnetic storms and solar energetic particle (SEP) events. Just as in SOHO, the unique L1 orbit will allow an uninterrupted set of solar observations to measure the geometry, velocity and mass of coronal mass ejections.  The J-COR will be a copy of the Secchi COR 2 coronagraph instrument with proven heritage and optical performance.

Coronal mass ejections and solar energetic particles

     As modern society becomes increasingly reliant on technologically advanced systems for many of its day to day functions, our ability to predict and respond to the impacts of space weather becomes increasingly important.  The systems most susceptible to geomagnetic disturbances include the power grid and satellites, our reliance on which increases dramatically every year.  The use of pagers and mobile phones has become almost ubiquitous.  The global positioning system (GPS) is used heavily by the military, commercial airlines and recreational boating and is now being introduced into automobiles.  As the use of these systems become more widespread, the effect of space weather disturbances impacts a wider array of people and human activities.  As human activities spread farther into space, the accurate prediction of space weather becomes progressively more important.

     CMEs cause space weather disturbances, including the largest geomagnetic storms, in a number of ways.  First, the magnetic fields in the CME reconnect with those of the terrestrial magnetosphere, producing strong induced fields and currents in the magnetosphere, the ionosphere and the earth’s surface.  Second, the impact of the CME compresses the earth’s day side magnetosphere down to lower altitudes, which can leave high altitude geostationary satellites directly exposed to the solar wind and highly energetic particles.  Third, the CME itself creates a shock wave that accelerates particles that can penetrate the Earth’s magnetically shielded environment and occasionally reach the Earth’s surface.  Lastly, these energetic particles pose a serious risk to astronauts, especially when outside the earth’s protective envelope.

   Coronal mass ejections have been well observed.  Their statistical properties (line of sight topology, mass and velocity) are well known and have been studied extensively with the Solwind, SMM and SOHO coronagraphs.  Determining the 3D topology and propagation through interplanetary space is a primary objective of the STEREO mission.  The STEREO mission will develop and test models for predicting the propagation of space weather phenomena through interplanetary space.  The JANUS mission will provide the first sustained test of these propagation models using a single coronagraph view from the earth vantage point.  In all likelihood, the JANUS coronagraph will be the only source of images of the outer corona during this time period. 

The JANUS coronagraph will provide the following information useful for solar-geophysical weather forecasting:

· Knowledge of the eruption of an earth directed CME

· Sufficient sensitivity for a virtually complete sample of geoeffective CMEs 

· CME earth arrival time prediction

· Typically with about a three day advance warning 

· CME potential geoeffectiveness warning

· Based on estimated speed of CME ejecta at earth

Coronagraph images show when a CME has occurred and whether it is directed along the Sun-Earth line. Solar disk activity images (e.g. GOES SXI, SOHO EIT, or ISOON H() are used to distinguish CMEs directed towards Earth from those directed away from Earth. However, disk images alone cannot definitively show whether a CME has occurred and cannot determine the boundaries of a CME. The SOHO/LASCO coronagraphs have detected all significant geoeffective CMEs to date during solar cycle 23.

Most CMEs take 1-5 days to propagate from Sun to Earth. The propagation time depends on the CME speed near the Sun and on interplanetary conditions. The fastest transit time of solar cycle 23 was the CME of October 28, 2003 (Figure 1), which took about 19 hours to reach Earth. Models to predict CME arrival time at Earth and potential geoeffectiveness based on coronagraph speed measurements have been developed (e.g. Gopalswamy 2001), but none have been operationally proven. The STEREO mission (launch in 2006) will obtain images of the heliosphere from the Sun to > 1 AU, providing an empirical basis for testing, improving and validating models for CME earth arrival time.

The JANUS coronagraph situated at L1 will provide at least 1 day advance warning of the arrival of a potential geoeffective disturbance at Earth. The JANUS coronagraph will test the more accurate predictions of space weather expected in the next several years as a result of the STEREO mission.
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Figure 1: LASCO C3 images of the October 28, 2003 earth-directed CME. The white streaks on the images are the result of energetic particles accelerated by the CME-driven shock wave that strike the CCD detector in the instrument. 

Another important class of coronal eruption closely associated with CMEs is solar flares.  Solar flares are small-scale explosions (a few arcminutes in size) that result in thermal plasma heated to 10-20 MK, and nonthermal plasma with equivalent temperatures of about 100 MK.  Flares produce huge increases in solar X-ray emission which cause drastic changes in the Earth's ionosphere that disrupt communications and pose a hazard to astronauts.  The violence of the explosions is sufficient to generate nuclear reactions in the Sun's atmosphere.

The energy release mechanism of flares is thought to be magnetic reconnection that for large events is closely coupled to the production of a CME.  Although a rather detailed outline of the geometry of the flare site and its relationship to a CME has been proposed, observational confirmation is presently vague and unsatisfactory.  To test the validity of the models and make quantitative comparisons with theories, observations that provide temperatures, densities, and dynamics over a wide temperature range and over short time and spatial scales are essential.  No instrument flown to date possesses all the required characteristics.  In particular it is desirable to observe the inflowing and outflowing jets above the multi-million degree flare loops that would be sure signs of magnetic reconnection.  No instruments can presently accomplish even some of the measurements satisfactorily.

NEXUS has the broad temperature, density, and dynamical sensitivity over small spatial and temporal ranges necessary to obtain the required observations.  In addition to observing directly the plasma characteristics within the reconnection site, NEXUS observations will allow us to understand the coupling between the reconnection site and particle deposition and consequent heating and evaporation of chromospheric plasma, i.e., energy transport and dissipation within the magnetic loops that confine the flare plasma.  This fundamental information is crucial for testing the current reconnection model of solar flares.  NEXUS should provide a quantum leap in our understanding of solar flares which ultimately will lead to the predictive capability desirable for space weather applications.

JCOR Coronagraph Instrument Description

For Janus, we propose to build a copy of the COR 2 instrument constructed for the Secchi instrument suite on STEREO.  The COR 2 performance given in Table 1 is excellent and no further enhancements are envisioned for JANUS.  An optomechanical layout of the instrument is given in Figure 2 and a photograph of the completed instrument is given in Figure 3.
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Table 1:  J-COR and SECCHI/COR 2 performance.
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Figure 2:  J-COR optomechanical layout.

The J-COR instrument is a conventionally externally occulted coronagraph.  A triple disk external occulter completely blocks the direct sunlight and minimizes the total diffracted light falling on the entrance aperture A1.  A fixed gap doublet objective images the corona on the field stop and the external occulter onto the internal occulter.  A field lens reimages the objective lens aperture onto a Lyot stop.  A relay lens placed just behind the Lyot stop reimages the corona onto the 2048x2048 E2V CCD detector.  The instrument bandpass (100nm) is limited with an interference filter located behind the relay lens.  Polarization analysis is accomplished using a rotating linear polarizer.   A shutter is used to control CCD exposure times.  The total stray light rejection as measured in the NRL vacuum tank is <2x10-11B/Bs.  This stray light level is sufficient to allow straightforward detection of the K-corona.  All processes and procedures necessary to assemble and test the coronagraph are in place.  NRL possesses world class facilities to verify and characterize coronagraphic instrumentation.  Finally, we have developed many procedures for LASCO and STEREO flat field calibration and in-flight calibration against the stars.  Together, these procure determine the stray light, geometric distortion, vignetting, absolute photometry and the instrument pointing and roll.
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Figure 3:  Completed SECCHI COR 2 instrument. This photograph shows the integrated solar viewing instrument suite from STEREO A spacecraft.

J-COR will complete an 8 second pB sequence of three images every 30 minutes.  This cadence is sufficient to observe the properties of the outer corona and determine the characteristics of coronal mass ejections for space weather prediction.  For halo events, we construct total B images from these images.  The essential analysis problem is then to distinguish between the strongly time varying signal of the K-corona with its streamers, plume and transient structures from the relative bright and static background comprised of the F-corona, planetary/stellar sources and instrumental stray light.  This will be accomplished with two well established techniques successfully used in the past three decades:  polarization analysis and background model subtraction.  The background model will be created from the J-COR images over a period of several weeks surrounding the date of interest.

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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Estimated Overall Mission Costs

	Top Level Budget: Mission Element
	Cost (Million $)

	Phase A:  Proposal Development and Mission Design
	2.0

	Instruments1
	120.0

	Spacecraft (Including Integration and testing)
	70.0

	Launch Vehicle (Delta)
	90.0

	MO&DA (3 years)
	20.0

	Science Team (5 years)
	10

	Education
	5.0

	Contingency (30% for Instruments + Spacecraft)
	57.0

	
	

	Total
	374


1 Major savings using existing solar and solar wind instruments

