
1 × 1061 × 106

LLITED B trajectories for the NH and SH data presented. Trajectories 
are overplotted, showing that the orbits are very similar for the data 

collects. The May 7th SH observation is a slightly different orbit than the 
May 11th and May 13th orbits.

LLITED B Trajectories
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• G5 geomagnetic storm
• Several X-class flares 

and halo CMEs 
• Dst minimum -412 nT 

May 11th ~ 02:00 UTC 

LLITED CubeSat
• Two 1.5U CubeSats, LLITED A and LLITED B
• High-Inclination (~97.4), nearly circular orbit
• Nearly sun-synchronous (LTAN ~10:30 MLT)
• Science observations Sept 2023-Aug 2024

Miniature Ionization Gauge Space 
Instrument (MIGSI) 
• Neutral number density measurement
• Bayard-Alpert ionization gauge 
• Spherical accommodation chamber
• Ram facing 
• Sampling rate of 100 Hz
• Minimum spatial resolution ~80 m

Planar Ion Probe (PIP) 
• Plasma density measurement
• Rectangular planar Langmuir probe
• Ram facing 
• Fixed bias in the ion saturation 

region
• Sampling rate of 100 Hz, LLITED B 

operating at 50 Hz
• Minimum spatial resolution ~160 m 

• During a geomagnetic storm significant energy is deposited 
into the coupled ionosphere/thermosphere (IT) at high latitudes 
leading to intensified dynamics

• Precipitating particles are accelerated into the IT
• Rapid Joule heating results from enhanced ionospheric electric 

fields and Pedersen conductivity 
• Low altitude thermospheric gas is heated and upwells
• Changes in the thermospheric density influence the ion 

recombination rates and consequently the ion density

• The NASA Low-Latitude Ionosphere/Thermosphere 
Enhancements in Density (LLITED) CubeSat observed the 
high latitude neutral density and ion density at an altitude 
of ~430 km during the May 2024 geomagnetic storm. 

• LLITED measurements are used to evaluate the coupled IT 
response to the storm 

• Observations are compared to TIE-GCM 2.5 physical model 
and NRLMSISE-00 and IRI 2020 empirical models

• In-situ density measurements largely confirm prevailing theory 
(Buonsanto, 1999) of the reaction of the IT to large 
geomagnetic storms such as the May 2024 storm

• The ~300% neutral density enhancement measured at 430 km 
is likely due to upwelling of lower altitude gas due to significant 
storm time Joule heating

• The ion density depletion measured is likely due to a 
combination of the F-Peak location change relative to the 
LLITED altitude and an increase in the ion recombination rate 
due to the neutral density enhancement

• LLITED provided some of the highest resolution in-situ 
measurements during the May 2024 storm, which show density 
variation across the polar cap not produced by the models

• The measured neutral density enhancement is within the range 
of previous global average thermosphere mass density 
enhancements of 300-800% measured during geomagnetic 
storms in 2003 with CHAMP at 400 km (Liu & Lühr, 2005) 

• The significant density enhancements of the thermosphere led 
to orbital decay for many satellites during this storm (Parker& 
Linares, 2024)

• With more satellites in orbit it is increasingly important to 
understand the thermosphere/ionosphere response to 
geomagnetic storms (model –measurement)/measurement 

TIE-GCM has a horizontal spatial resolution of 2.5° (~280 km)
Neutral Density
• TIE-GCM is within 10% of MIGSI density in the auroral regions 

and underpredicts density in latitudes poleward of 60° MLAT 
region by ~25%

• TIE-GCM quiet May 7th is within ~3% of MIGSI measurement
• MSIS is ~60% lower than May 11th storm MIGSI measurement
• MSIS quiet to storm time enhancement is 43%
Ion Density
• TIE-GCM predicts a similar trend of elevated mid latitude density 

and depleted high latitude density
• TIE-GCM quiet to storm time high latitude depletion is 33%
• IRI is within ~12% of May 11th storm PIP
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• TIE-GCM Joule heating rate is an order of magnitude higher 
during the storm and peaks in altitude nearly 100 km higher than 
the May 7th quiet time

• TIE-GCM model matches neutral density well in the auroral 
region

• On May 7th the F-Peak is near 300 km, so LLITED observations 
were likely above the F-peak

• During the storm the modeled F-peak rose to ~500 km, LLITED 
observations may be below the F-peak
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• Neutral and ion density was measured in the high latitude 
regions during pre-storm quiet times, storm times, and the 
recovery phase

• Measurements ~430 km altitude
• Due to the seasonal difference in the Northern Hemisphere 

(NH) and Southern Hemisphere (SH) the data has been 
grouped by hemisphere

LLITED B Observations

LLITED high-latitude observations. The top panel outlined in orange are 
Northern Hemisphere observations. The top row is neutral density with 
MIGSI measurements, MSIS, and TIE-GCM. The bottom row is ion density, 
with the PIP measurements, IRI and TIE-GCM. Similarly, the bottom panel of 
data outlined in blue are Southern Hemisphere observations including the 
storm time observation on May 11th.

Storm times compared to quiet times in the Southern Hemisphere 
 (storm – quiet)/ quiet 

• Neutral density enhanced 305% comparing LLITED B 
observations May 11th to May 7th. The largest enhancement was 
~500% in the nighttime aurora region ~ 22 ° MLT.

• Ion density depleted ~ 58% at latitudes poleward of -70° MLAT

Models Compared to LLITED Measurements

1 × 105

TIE-GCM Profiles
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