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Questions to be addressed:

1. SDO data – What can it provide to the user community for improved modeling and forecasting of geomagnetic events?

2. What models and capabilities are essential for making this connection?

Major (obvious) uses

HMI:  Far side imaging, vector magnetic field measurements

AIA: possible precursors to eruption in the corona

EVE: Absorption of EUV in the Earth’s atmosphere

1. Causes, Modifiers, and Preconditioning of Geospace Activity

Direct Coupling and causes of strong Geomagnetic Activity

Interplanetary Magnetic Field

IMF Bz south – direct, strong coupling between solar wind and magnetosphere through dayside magnetic reconnection and transfer of magnetic flux to the magnetotail

CMEs – Provide the opportunity for long duration and strong Bz south

CIRs – Provide long-lived intervals with fluctuating Bz south

High solar wind speeds

Enhance the Solar Wind East-West electric field

Drive shocks in the solar wind – shocks have increased density and velocity – resulting in high solar wind dynamic pressure

Conditions that Modify Solar Wind – Magnetosphere coupling

Solar wind density

Correlated with plasma sheet density – the plasma sheet is the source of the ring current

When coupled with northward IMF conditions, this produces a very cold, very dense plasma sheet

Effects the strength of a magnetic storm

Solar Wind Mach number

Low Alfven Mach number (High IMF magnitude, low solar wind density)

Modifies the Earth’s bow shock

Associated with the saturation of the polar cap potential – indicating limitation of the flux entry into the magnetosphere

Modifies magnetospheric response to extreme drivers

Background solar wind

Determines interplanetary shock strength

Affects the Solar Energetic Particle spectrum

Pre-conditioning Geospace

Time since the last CME

CME clears a path for rapid transit of subsequent CMEs

Topology of previous CME

Previous CME still attached to active region – provides low-density scatter-free pathway for SEP transit (“CME superhighway”)

EUV intensity

Systematic EUV decrease preconditions atmosphere prior to arrival of high-speed stream at Earth

Dynamic coupling of corona and heliosphere

Solar wind energetics

Propagation of CMEs and related phenomena

Vector field and velocity

Questions to be addressed:

1. SDO data – What can it provide to the user community for improved modeling and forecasting of geomagnetic events?

Major (obvious) uses

HMI:  Far side imaging, vector magnetic field measurements

AIA: possible precursors to eruption in the corona

EVE: Absorption of EUV in the Earth’s atmosphere

SDO should provide the user community with three sets of data. The first is data that distinguishes the evolution of active regions (e.g., HMI far side imaging) and (if possible) the precursors for eruptions into the corona.  The second set of data provides the “boundary conditions” that link the solar interior out to several solar radii with the modeling codes that propagate and evolve disturbances from this distance to 1 AU (and beyond). The third set of data is the EUV measurements that determine the preconditioning of the Earth’s atmosphere.

Active Region Evolution and Precursors

Far side HMI imaging with ??? angular resolution ??? coverage of the far side and ??? cadence

The possible precursor development should be covered under another objective. Modeling is key to understanding the potential geoeffectiveness of an eruption into the corona and its associated precursor or precursors.

Boundary Conditions:  

Global vector magnetic field 0.2 degree resolution cadence of several minutes

Density and vector velocity (or some substitute derived from the AIA data) with the same resolution and cadence

2. What models and capabilities are essential for making this connection?

Models:

A. Evolution of active regions from the far side (where they are observed by HMI) to the solar limb. Prediction for size, magnetic field topology, etc.

B. Model for precursors to eruption in the corona using sub-surface HMI information as well as AIA observations at various heights. (this modeling should be covered in another objective). Use of geospace assets that can trace backwards from the Earth to the solar and solar wind sources of disturbances to link the precursor with the geoeffectiveness of a particular disturbance.

C. Refinement of models (e.g., reduction of cell size) that convect solar disturbances from the solar surface out to several solar radii. This model should provide the input boundary conditions for global MHD or Hybrid simulations of solar disturbance propagation to 1 AU. Prediction of CME shock size, strength, and evolution (to predict SEP strength). Ability to produce maps of magnetic field orientation and solar wind dynamic pressure as viewed from above the ecliptic. Development of on-the-fly simulations similar to the CCMC MHD simulations of the magnetosphere that are currently on the web.

D. Coupling of MHD/Hybrid simulations of 3-D CME or CIR propagation with current 3-D magnetosphere MHD or large-scale hybrid simulations. Ability to predict geomagnetic indices with these coupled codes.

Note that the development of these models should not be limited to active regions, CMEs/CIRs and their magnetic field and dynamic pressure variations.  Of equal importance for geoeffectiveness are the modifiers of solar disturbances (e.g., the mach number of the solar wind) and the preconditioning of the solar wind prior to a CME or CIR. Therefore, the (easier?) prediction of background solar wind using SDO is of equal importance.


