Janus:  Observing the Sun-Earth Connection

1.0 Executive Summary
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Earth is embedded in the atmosphere of the Sun.  Electromagnetic radiation from the Sun drives circulation in the atmosphere, determines the climate, and makes life itself possible on Earth.  The solar wind transports energetic particles, and magnetic flux from the Sun altering the atmospheric composition and structure of Earth’s atmosphere. Simultaneous observations of solar events and the response of Earth’s atmosphere are rare.  Janus will provide the complete data set is needed to fully understand the processes that couple solar events to Earth’s atmosphere.

2.0 Introduction

Janus will obtain the first synoptic global measurements of aerosols and chemical composition from sunrise to sunset, and from the surface to outer space, together with the critical solar and space weather inputs that drive the upper terrestrial atmosphere. 

1. Understand the processes and interactions that determine the composition of the Earth’s whole atmosphere including the connections to solar activity.

2. Understand the role of solar plasma dynamics in coronal heating, solar wind acceleration, flares and transients, and UV irradiance variations.

3. Quantify the sources and transport of environmentally important atmospheric species (greenhouse gases, aerosols, ozone) using high-resolution synoptic mapping of concentrations.

4. Understand the fundamental physical processes within the active solar corona which lead to coronal mass ejections/solar flares and contribute to irradiance variability.

5. Provide real-time space weather data for predictive modeling of the space environment and for protecting satellite communication, astronaut safety, and ground power distribution assets.

The Moon provides a stable platform uniquely suited for simultaneous observations of the Sun and Earth with a global view of the Earth, and complete coverage of the Sun. From this vantage point, timely measurement of responses in the thermosphere and ionosphere can be obtained along with coverage of spaceweather events.  In addition, the Moon is an ideal platform that is seismically stable, and the low gravity readily allows lightweight deployable support structures.

For Earth observations, the lunar vantage point offers the opportunity for synoptic observations at high time and space resolution of the day and night Earth. Ground observations of tropospheric variability of trace gases (e.g., NO2, SO2) and aerosol plumes (e.g., biomass burning and desert dust) show that they change significantly on an hourly time scale over the course of the day. Continuous lunar observations will afford us the first opportunity to observe the global evolution of tropospheric phenomena with high time resolution, as well as rapidly changing phenomena in the upper stratosphere and mesosphere. In contrast, a polar orbiting satellite only gives us a single measurement per day at each location (2 in the IR).Geostationary observations would require 6 separate satellites for full coverage which even then would not extend to polar regions. 

High speed imaging of the Sun with TRACE has shown that rapid motions and reconnection are central to the physics of CMEs and other solar transient events, yet TRACE imaging does not  provide sufficient diagnostic capability into the dynamics of the solar plasma to resolve, for example, differences between propagating phenomena and bulk motion. Previous/existing spectrographs such as SoHO/CDS and SoHO/SUMER have yielded intriguing measurements of motion and heating in the solar atmosphere, but their time resolution is on the order of minutes to hours. J-Spec will capture spectral information in the chromosphere, transition region, and corona on the ~0.1-10 Hz time scale required for 1-500 second cadence spectral imaging and rapid dynamics studies. 

Additionally, the capabilities of J-SPEC address many of the science requirements of the LWS Solar Sentinels program. to understand and characterize the sources, acceleration, and transport of solar energetic particles, and to understand and characterize the origin, evolution, and interaction of CMEs, shocks and other geoeffective structures

J-SPEC provides essential information to answer the basic questions identified in the NASA 2006 Heliophysics Division Roadmap. How and Why Does the Sun Vary? How Do Planetary Systems Respond? What Are the Impacts on Humanity? And it is consistent the NASA Strategic Plan goal to “Develop a balanced overall program of science, explora​tion, and aeronautics consis​tent with the redirection of the human spaceflight program to focus on exploration”.
3.0 Science

Clarence and Jay:  WE NEED THE SCIENCE HERE WHICH JUSTIFIES THE SUN AND EARTH OBSERVATIONS TOGETHER.  It should combine Sun and Earth needs and talk about connection science.  Not solar, and not earth individually.  Can you edit something and send it to me

.

4.0 Overall Concept Description

To accomplish these objectives, the optimum Janus payload features a unique combination of solar and earth viewing instruments to (1) enable detailed global mapping of atmospheric composition, (2) observe solar disturbances and their effect on space weather, and (3) explore dynamical and chemical couplings over the scale of the Earth’s whole atmosphere including the forcing by the Sun

The Janus observatory consists of four major components (Figure TBD), a solar observing module, and Earth observing module, a power module, and a telemetry, command and data handling system module.  Each module is packaged in an individual container/structure.  Astronauts will deploy these "suitcase" components on the lunar surface.  After deployment simple aliveness tests will be conducted.  Then the components will be cabled together to make a working observatory.  Once deployed, the observatory will operate with minimal on-site interaction.  

Science investigations on the Moon will require power and telemetry services. Isolation of the science experiments by deploying them a distance from the lunar lander/habitat ensures that the instrumentation does not impact the activities near the habitat.   Remote power sources must then be deployed along with the instruments. RF communications can only be accomplished during the 2-week period when Earth is above the lunar horizon.  If data is taken continuously, then the transmission rate must be approximately twice the average data accumulation rate of the instrument.  Sufficient memory to store 2 weeks worth of data must also be available.  The Modular Instrument Support System meets all of these needs, yet remains adaptable to accommodate a broad range of scientific instrumentation.

Instruments deployed on the lunar surface will require both a power system and a data-telemetry system to operate.  These systems can be made in suitcase-sized modular units with the ability to support a broad spectrum of science applications.  Astronauts will place these modules on the surface along with a science instrument (“instrument module").  Astronauts will then cable the modules together and conduct simple aliveness tests before departing.  This standardized but modular and extensible system will reduce development cost and risk of lunar scientific instrumentation.

4.1 Solar Observing Module
The Solar Observing Module consists of three instruments.  A dual channel EUV spectrograph (J-Spec), a coronagraph (J-Cor), and an EUV irradiance monitor (J-EUV).

J-Spec provides continuous broad temperature coverage with 1-2 lines per temperature decade ranging from the low chromosphere and transition region to the flaring corona. Equally important, J-Spec provides unprecedented sensitivity and exposure cadence (up to 10 Hz) sufficient to track motions and physics of arcsecond-scale structures and wave motions, opening up a new domain of high time resolution spectral imaging and spectroscopy (Figure 7).  J-Spec will also provide sufficient spatial and spectral resolution to quantitatively measure mass and energy flow, wave propagation, and thermal variations of the solar plasma on spatial scales necessary to resolve supergranular structure. With arcsecond resolution, a resolving power of 20,000 and the capability to centroid line profiles to 1-2 km/s, J-Spec will provide the quantitative, time resolved observations of density, temperature, bulk flow and wave motion necessary to resolve ambiguities in imaging observations. 

J-Spec will achieve its scientific objectives with 5-50 hour focused target campaigns with repetitive 3 arcminute wide, high time cadence rasters producing time series of spectral images centered on specific targets, such as an evolving filament structure, active region or erupting prominence.  These focused target rasters will produce a systematic data base solar structures and dynamic activity with sufficient time and spatial resolution, and sufficient duration, to really study and understand the dynamic phenomena governing solar activity, and provide insight into the mechanisms responsible for such activity, and eventually predict its initiation and onset.

J-Spec will also perform regular (weekly) large area or full Sun rasters to provide important insight into the inputs into ambient solar wind and the sources of solar irradiance variability. These full Sun rasters will provide important spectral diagnostics on a global scale to be coordinated with other instrument observations on Solar Orbiter, as well as provide a long term  synoptic data set in its own right. 

J-SPEC will also provide off-limb rasters, out to r(3.0 solar radii, providing key spectral diagnostics of the source regions thought to be important for understanding the mechanisms of high energy, shock accelerated energetic particle events. This is a key capability identified as a critical need in the NASA Solar Sentinels Science Definition Team (SDT) Report, and provides an opportunity for Solar Orbiter to fulfill this critical need, important to NASA and the International Living with a Star program.

Spectrally resolved observations provide indispensable information on the flow of mass and energy through the solar atmosphere. Imaged observations of the plasma dynamics (intensity, Doppler shifts, and turbulent line widths) in the chromosphere, transition region and corona obtained with high time cadence will provide an exciting new tool to investigate the build-up, initiation, and relaxation of coronal transients like CMEs, flares, and nano-flares, as well as coronal heating of magnetic loops.  

J-Cor, the solar coronagraph on Janus, will observe the outer solar corona.  It will image the evolving coronal streamer belt and directly detect coronal mass ejections.  CMEs are the primary solar drivers of large, nonrecurring geomagnetic storms and solar energetic particle (SEP) events. Their statistical properties (line of sight topology, mass and velocity) 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, which will develop and test models for predicting the propagation of space weather phenomena through interplanetary space.  Janus will provide the first sustained test of these propagation models using a single coronagraph view from the Earth vantage point.  The J-COR will likely be the only source of images of the outer corona during this time period.  Just as in SOHO, the unique lunar observing position will allow an uninterrupted set of solar observations to measure the geometry, velocity, and mass of CMEs.  The J-COR will be a copy of the Secchi COR-2 coronagraph instrument with proven heritage and optical performance.
4.2 Earth Observing Module

J-UVIS.is a full-disk observation of the Earth in the 300-910 nm range that will enable sensitive tropospheric and stratospheric measurements of aerosols and a number of gases including O3, H2O, NO2, HCHO, SO2, and BrO. The capability for these observations has been demonstrated previously from nadir instruments in low-Earth orbit (LEO) (e.g., TOMS, GOME, MODIS, SCIAMACHY, OMI). The lunar vantage point provides frequent synoptic global observation for these species, in contrast to the much sparser coverage (particularly when considering cloud interferences) of once per day achievable from LEO.  The stratospheric O3, NO2, and BrO measurements from J-UVIS will improve understanding of the chemical dynamics of the stratosphere including its coupling to the troposphere and mesosphere. The tropospheric aerosol, H2O, NO2, and HCHO measurements will be used in combination with global chemical transport models (CTMs) for high-resolution inversion of the sources of aerosols, nitrogen oxides, and reactive volatile organic compounds (VOCs). The aerosol measurements will allow tracking of anthropogenic and natural plumes on scales ranging from regional to global, including, in particular, the intercontinental scale for the Moon offers a unique capability. Desert dust and volcanic ash plumes have important radiative and chemical consequences and can also pose a hazard to aviation.

J-MUV, the mid-UV spectrometer will obtain imaging spectroscopic measurements from 200-300nm where it can detect NO amounts and measure ozone profiles. Solar backscatter measurements of the Earth’s atmosphere in the UV contain the signature of numerous NO fluorescent bands to explore vertical coupling between atmospheric layers. 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 be vastly improved upon by Janus). It was thus hard to localize the enhanced NO to a particular altitude level and thus quantify vertical coupling between atmospheric layers. J-MUV will resolve that limitation in two ways. First, measurement of NO in different bands that are subject to different atmospheric opacities will allow better localization of the emitters. Second, measurement of the NO rotational temperature will localize the emission to either the warm lower thermosphere (300-400K) or the cold middle atmosphere (< 300K). 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 to solar and geomagnetic activity could be a unique probe of global atmospheric response at altitudes (95-120 km) where synoptic temperature measurements remain nonexistent.

J-EVES will obtain complete dayside spectrally resolved images of the Extreme-UV/Far-UV (EUV/FUV) airglow.  These global images 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.  J-EVES full-dayside images 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.  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 58.4 nm images will capture purely dynamical upper atmospheric responses to space weather events, enabling a comparison with the FUV O/N2  distribution resulting from local processes (energy deposition, chemistry).  

4.3 CDH&T Module

The baseline system will be designed to support a telemetry rate of 2 Mbps (S-band) using a 0.75 meter antenna (55 Watt of power and 8 kg).  This baseline is derived from current capabilities.  The 6U cPCI cards on LRO are capable of storing 200 Gb. Six cards along with CPU and I/O cards in an 8-card cage will provide 1200 Gb of total storage (40 Watts of power and 25 kg of mass).  This will support an average instrument data generation rate of just under 1 Mbps.  

The data system will be packaged in a single container with a deployable antenna that will use daily updates to track the position of Earth. 

4.4 Power Module

Advances in photovoltaic array designs now provide the capability to easily achieve up to 300 W/kg, in this case excluding the structural battery utilized as a substrate, while LiIon battery energy density capabilities of 200 Watt-hr/kg are also nearing successful achievement.  Space qualified power system control electronics for battery charge control are generally viewed as capable of achieving 50 Watts/kg densities.  For a theoretical 50 kg portable power system "package" providing a 28Vdc output capability, assuming conservatively 1 kg for electronics and 1 kg for solar array added mass, the remaining 48 kg will be divided between the structure/battery and electrical harnessing.  Thus, assuming 3 kg for harness mass, the portable power system capability for "continuous" power output at the lunar surface will be almost 27 Watts.  A novel approach utilizing structural LiIon batteries will be implemented to serve as the physical container for the power system electronics, energy storage medium, and the substrate (lid) for a deployable photovoltaic solar array.  

Janus requires 50 W of continuous power.  Using the figures above, this requirement can be met with 100 kg of LiIon batteries.  For this proposal we envision packaging these batteries in a single box.   In the lower gravity of the Moon, this mass can be easily deployed by two astronauts.

5.0 Proposed Work

Continuous power for continuous operations

Nightime thermal survival and operation

Contamination by lunar dust
















