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The US National Aeronautics and Space Administration (NASA) DRIVE Center for Geospace Storms (CGS) hosted a workshop for graduate students conducting research in geospace science in November 2024. The research relevant to geospace has traditionally been separated into the Magnetosphere, including Magnetosphere-Ionosphere coupling, and the Ionosphere-Thermosphere-Mesosphere disciplines. This is apparent in sections of the American Geophysical Union and the funding structure of the United States National Science Foundation (NSF) and NASA. Following that structure, the geospace science community is divided into sub-communities separated along the discipline boundaries. However, it is now widely accepted that geospace is a tightly coupled system whose parts are strongly interconnected. The future Heliophysics workforce, particularly those focused on geospace, must have an understanding of how the regions of geospace influence and are influenced by each other. The goal of the workshop hosted by CGS was to bring together graduate students to improve their understanding across all regions of geospace with an emphasis on how to use geospace modeling to address compelling research questions throughout the domain. We report on the content of the workshop and the evaluation of achievement of these goals.
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1 INTRODUCTION
The Center for Geospace Storms (CGS)1 is one of three centers selected for a 5-year Phase II implementation by the US National Aeronautics and Space Administration (NASA) Heliophysics Division as a part of the Diversify, Realize, Integrate, Venture, Educate (DRIVE) initiative recommended in the 2013 Decadal Survey (National Research Council, 2013). CGS aims to unravel the complex web of interactions during solar storms as they impact geospace, extending roughly from ∼80,000 miles on the sunward side all the way to one million miles on the nightside of space that surrounds Earth. To do this, CGS is building a physics-based, predictive, community model of stormtime geospace called the Multiscale Atmosphere-Geospace Environment (MAGE) model2. The Broadening Impacts (i.e., education and public outreach) goals of CGS include Heliophysics workforce development and deep knowledge integration. The key educational goal is to train next-generation NASA scientists whose skills will transcend traditional boundaries. While CGS has a cohort of funded graduate students at the universities that are part of the center, it is also important to provide such training opportunities to the larger Heliophysics community.
Within the US, graduate students have opportunities to attend summer schools that cover a broad array of Heliophysics topics and workshops sponsored by the National Science Foundation (NSF) that focus on either the magnetosphere-ionosphere (M-I; Geospace Environment Modeling-GEM) or the ionosphere-thermosphere-mesosphere (I-T-M; Coupling, Energetics, and Dynamics of Atmospheric Regions-CEDAR). CGS wanted to create an opportunity for graduate students that focuses on geospace as a whole. The purpose of the workshop was to provide graduate students that have a foundation in their area of research, usually by having attended GEM or CEDAR, an opportunity for knowledge integration across all of geospace.
The workshop was held in November 2024. Announcements for the workshop and travel award application were sent to GEM, CEDAR, and other field-related newsletters. There were 22 participants, 16 received travel awards, four were supported by CGS member universities, and two were local. The group was dubbed the Mastering Analyses for Geospace, the Innovation Cohort (MAGIC) and a unique logo was developed (see Figure 1) from the original MAGE logo by adding an image of a book and stars to signify the focus on education.
[image: Illustration of a wizard in a robe holding a staff with a glowing orb, surrounded by stars and an open book. The acronym "MAGIC" is below, standing for "Mastering Analyses for Geospace, the Innovation Cohort."]FIGURE 1 | Logo used for the workshop.2 WORKSHOP SCHEDULE AND CONTENT
The workshop was held over 4 days, with the first and last days being student-focused, and the middle two being incorporated into the CGS Community Workshop. The student-focused days included student-led tutorials on descriptions of specific regions within the geospace system and their governing physical characteristics and dynamics, modeled after the student days at the GEM and CEDAR workshops, networking opportunities among the students, and a hands-on tutorial for the MAGE model and analysis tools. Participants also had the opportunity to take a tour of Applied Physics Lab which hosted the workshop.
2.1 Student day 1
2.1.1 Welcome
The workshop started with a welcome and overview of CGS and the workshop. The overall goals and agenda slides are shown in Figure 2. The full Welcome slideshow is available in the Supplemental Information.
[image: CGS Geospace Student Workshop slides titled "Mastering Analyses for Geospace, the Innovation Cohort (MAGIC)." Left panel highlights goals: unite GEM and CEDAR students, teach geospace concepts, MAGE tutorial, and target senior graduate students. Right panel details schedule: Sunday through Wednesday activities include tutorials, networking, workshops, and tours. Participants are asked to complete an evaluation survey sent by Stephen Hale from the University of New Hampshire. Features an illustration of a wizard with a book and stars.]FIGURE 2 | Slides from the workshop Welcome session (left) Workshop goals. (right) Workshop agenda.2.1.2 Geospace topical tutorials
During the application process, volunteers were recruited to give tutorials. The volunteers described the topic(s) they would be interested in discussing, and workshop organizers worked with them to refine the topics to ensure coverage across geospace without significant overlap. The tutorial topics were.
	• Diverse geospace drivers from the solar wind and the planarity contribution to geomagnetic storms and geospace
	• Particle Energization in Magnetic Reconnection
	• Magnetotail dynamics and particle injections
	• Inner magnetosphere dynamics
	• Geomagnetically Induced Currents
	• Ionosphere-Thermosphere (I-T) coupling
	• Inter-hemispheric asymmetry in the I-T system and their impacts on the whole geospace
	• Lower/upper atmosphere wave coupling
	• Atmospheric tides: Origin, propagation, dissipation

2.1.3 Speed networking
This session gave students the opportunity to meet each other and briefly discuss their research as well as challenges they were facing. The students were roughly divided into M-I and I-T-M groups that lined up and faced each other. Each pair facing each other had 4 min for each person to do the following:
	• State your Name and Institution
	• Briefly state the science question/topic and methodology in your research
	• Describe one challenge you’re currently working on
	• Describe something you’re most excited about

After the 8 min for a given pair, there was a brief time to rotate to the next pair. Over the session, students were able to talk with half of the participants at the workshop. A photo during the speed networking session is shown in Figure 3.
[image: Participants engage in a speed networking session in a conference room. They stand in pairs, facing each other in front of a large screen displaying networking instructions. Tables with laptops and notes are in the foreground.]FIGURE 3 | Workshop participants during the Speed Networking session.2.2 Community workshop
The CGS Community Workshop was started in 2020 during the Phase I implementation. The goal of the Community Workshop is to bring together scientists at the forefront of geospace research across the regional (magnetosphere, ionosphere, thermosphere, etc.) and methodology (simulation, data analysis, etc.) boundaries. Speakers were a mix of CGS Team members and invited speakers from the geopsace community. The Community Workshop was incorporated into the student workshop. Most of the sessions were mixed topically to encourage communication across the research boundaries, and presenters were encouraged to write their talk with such an audience in mind. One of the sessions was a Student Showcase where the student workshop participants had the opportunity to give lightning talks on their research. The workshop program is available in the Supplemental Information and at the CGS website3.
2.3 Student day 2
2.3.1 MAGE tutorials
As part of our education and outreach efforts, a hands-on tutorial session was held to introduce the participants to state-of-the-art tools and techniques for geospace modeling and data analysis. The tutorial was designed to provide practical experience with the Community Coordinated Modeling Center’s (CCMC) Runs on Request system and the MAGE model developed by the CGS team. MAGE 0.75 (Sorathia et al., 2023) couples the GAMERA global MHD model of the magnetosphere (Zhang et al., 2019; Sorathia et al., 2020), the RCM model of the inner magnetosphere (Toffoletto et al., 2003) and the ionospheric electrodynamics model REMIX (Merkin and Lyon, 2010). The tutorial materials, including slides, video, and Jupyter notebook are available at Wiltberger et al. (2025).
The session began with an overview of the MAGE model, including a summary of its coupled components representing the ionosphere, thermosphere, magnetosphere, and ring current systems. Following this introduction, students were guided through the process of submitting a MAGE event simulation using CCMC’s Runs on Request web interface. Emphasis was placed on step-by-step instruction for setting up input parameters, selecting event times, and interpreting the simulation request status. Participants were also shown how to access and download the output data generated by their runs, an essential step for downstream analysis.
To further develop analysis skills, students were provided with demonstration accounts on the NSF NCAR supercomputing platform. Precomputed MAGE simulation results were made available to all participants, allowing them to bypass the queue and directly engage with model output. Instruction then focused on installing and using the kaipy Python package—developed by CGS for visualization and analysis of MAGE results4. The students worked through a curated set of Jupyter notebooks, which introduced key functionality in kaipy for reading and plotting data fields.
Each notebook included interactive elements and embedded questions, encouraging participants to apply concepts from earlier steps to generate custom visualizations. This active learning approach was designed to reinforce data literacy and promote deeper understanding of the physical processes captured by the model. The tutorial concluded with an open-ended exercise in which students were asked to explore a scientific question of personal interest using the available MAGE output and the extensive documentation hosted on Read the Docs.
Overall, the tutorial successfully provided participants with practical experience in geospace modeling and analysis workflows, from model submission through scientific interpretation. It also served to increase awareness and accessibility of CGS-developed tools within the next-generation of space scientists.
2.3.2 APL tour
The final session of the workshop was a tour of facilities at Applied Physics Lab. This included the Environmental Test Facility5 that includes equipment for instrument and payload testing including thermal vacuum, vibration, and electromagnetic tests. The tour also included observation of the ongoing integration of the Interstellar Mapping and Acceleration Probe (IMAP) mission6.
3 EVALUATION
Workshop participants were requested to complete an evaluation survey after the completion of the workshop. Of the 22 graduate students attending the workshop, 17 (77%) completed an evaluation survey designed to understand the workshop’s impact on students’ professional development through three key interventions: 1) Geospace topical tutorials, 2) Speed-networking, and 3) Lightning talks. There was also an open MAGE tutorial for CGS community researchers (not just students), for which the students were also surveyed.
Students were primarily (11 of 17) advanced graduate students with 4+ years in their role. Most (10 of 17) students were studying Earth’s magnetosphere with lesser numbers focusing on study of Earth’s Ionosphere, Thermosphere, and Mesosphere.
3.1 Geospace topical tutorials
About half of the students led tutorials for the other half of students. Twelve students (71%) found the tutorials to be Very or Extremely effective. In terms of tutorials’ relevance for students, 14 (82%) found the tutorials to be Moderately (4), Very (9), or Extremely (1), relevant.
3.2 Speed-networking
The Speed-networking session was effective for students to make meaningful connections with others. For this session, 13 students (76%) self-reported that speed-networking was either Very or Extremely Effective for making meaningful connections. Furthermore, 11 students (65%) reported making 1-2 meaningful connections during the session, while six students reported making 3-6 meaningful connections. For our purposes, a meaningful connection was defined as one in which there was high likelihood of future collaboration or communication on a CGS topic, research proposal, publication, or regarding future career decisions.
3.3 Lightning talks
Thirteen students (65%) presented Lightning Talk presentations. All but one student found the Lightning Talk format to be Moderately (3), Very (5), or Extremely (4) Effective for reporting on their science. Two general themes among students emerged from their experience with Lightning Talks. First, was that the 5-min presentation length was very constraining, but second the students thought it was effective for focusing their messages on their highest priorities. One student wrote, “This was perfect. I did not get bored while listening to others”. After the Lightning Talk session concluded, students reported receiving follow-up questions during the breaks and other networking sessions, thus demonstrating that although the sessions are brief, they do not necessarily stifle follow up discussions. One student wrote, “I was glad that a few scientists talked to me the next day during the breaks to provide feedback and suggestions. probably 5”. Another student wrote, “Quite a few, which actually gave me ideas for future work”.
3.4 MAGE tutorials
The vast majority (16) of Graduate students found the Mage Tutorials to be Moderately (4), Very (3), or Extremely (7) Effective and also similarly (12) relevant for their own work. Supporting these specific conclusions were the following notes provided by the students.
“I think I can use these tools in my work. Those are extremely useful tools”.
“The (MAGE) tutorial was very effective in having an understanding of how I could potentially use this model”.
“I was pleased with how smoothly the tutorial went and impressed by how well the interactive portions functioned”.
4 SUMMARY AND FUTURE PLANS
The response to the workshop was overwhelmingly positive. CGS will continue to offer the Graduate Student Workshop in combination with the Community Workshop as funds allow, enabling the MAGIC to grow. Current plans include incorporating more hands-on tutorials to facilitate the use of CGS-developed models and analysis tools, particularly taking advantage of the MAGE open source release in June 2025 (Merkin et al., 2025).
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