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GEOMAGNETICALLY INDUCED ,
CURRENTS 3

e On 03/13/1989 a magnetlc storm |
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hours s -
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R20: National Effort wF\’

HELIOPHYSICS

White House
> National Space Weather Strategy
and Action Plan

> Executive Order 13744

NATIONAL SPAC HER STRATEGY

. October 18, 2016/Presidontial Documents 71573
Presidential Documents

National Scienc| Execative Order 13744 of Octobe 13, 2016

Coordinating Efforts To Propare the Nation for Space Weath-
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Heliophysics System Observatory

A coordinated and complementary fleet of spacecraft to understand
the Sun and its interactions with Earth and the solar system, including space weather
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MAGNETIC BUOYANCY (PARKER 1935)
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1843 AD HEINRICH SCHWABE DISCOVERS
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Plasma Flows inside the Sun

Differential Rotation: creates Meridional Flow: sets cycle period & active
toroidal field latitude migration
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Evolution of internal magnetic field (Munoz,
Nandi, Martens, Nature 2011)
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Current Understanding of the Solar Dynamo
Poloidal =—» Toroidal =» Sunspots == Poloidal
()-effect
2% P QP%
| | |

Not Observed yet

Observed on the surface

Image Courtesy: Sanchez, S.,
Fournier, A., & Aubert, J. 2014, ApJ,
781, 8 15



Where does Parker’s Q-effect operate?
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Correlation of Torsional Oscillation with SSN
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Energy content in Torsional Oscillations
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The solar dynamo derives its energy
from differential rotation deep in the
convection zone — just as we expected.

Mahajan, Nandi & Martens, Science, submitted
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Correspondence with Cosmic Rays (Observed)

Monthly Smoothed Cosmic Ray Flux ond Sunspots 1953-2005
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Reconstructed Open Flux From Sunspot Record
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Reconstructed Cosmic Rays From Open Flux
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High Energy Protons from Solar Flares Are Lethal for Unprotected Astronauts

MERCURY




THE 1859 CARRINGTON FLARE/CORONAL MASS

EJECTION




The Forbush Decrease
Extreme Event: 2012-03-04 00h - 2012-03-17 24h
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Space Travel to Mars: CR Exposure
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The Peta-byte Challenge

Solar Data Volume Growth
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Solar-Stellar Informatics and Imaging Cluster: Truly
Interdisciplinary
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Georgia Astrolnformatics Nexus (GAIN)
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0

2014 2015 2016 2017 2018 2019

B Alumni (PhD’s from cluster) Scientists External Students (PhD) @ Undergrads [ Grad Students @ Postdocs [ Faculty

48 members currently, 6 TT and 2 RP faculty,
23 graduate students, 1 upcoming TT hire
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. From Bohm-Vitense (2007),
Dynam() Domalns reject Lovis et al. (2011) data

Active Branch: P(cycle) ~
400 P(rot), Rossby
number < 1,

Inactive Branch: P(cycle)
~ 90 P(rot),

Rossby number > 1

20 S0 40 20
p(rotation) [days]




Testing Dynamo Models on Other Stars
With CHARA

Left: The Sun on April 18, 1947
Middle: Same as imaged by CHARA
Right: As observed with proposed CHARA upgrade




Future Plans, Major Projects

DRIVE (Diversify, Realize, Integrate, Venture, Educate)
Science Center: Integrate Simulations and Machine Learning,
proposal submitted (Martens Pl), joint with Predictive Science
Inc, San Diego

Solar Event Prediction: Continue to apply cutting edge machine
learning techniques to forecast hazardous solar events , NSF
proposal funded (Angryk Pl). NASA proposal submitted
(Georgoulis Pl). NSF Cyber infrastructure development (Aydin
Pl)

Space Situational Awareness Center: Space Weather, Space
Debris, Impacting Asteroids, Foreign Satellites. Under
consideration (Jefferies, PI)

GSU Imaging Innovation Hub : Build a community of scholars
that bridges the disciplines in work on imaging. GSU NGFP,

<Junded (Jefferies, Pl)



