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Atmospheric Emissions at Earth: What Could PUNCH Observe?

Aurora?
Airglow/Nightglow? Geocorona?

Ion Outflow?

What are these emissions?

Earth Shine?
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…

Where do these 
phenomena occur in 
altitude?

While the aurora is 
shown between 
~100–200 km, this 
reflects the most 
common occurrence. 
Red-line auroral 
emission span a 
much broader range, 
from ~150 km to 
above 400 km [e.g., 
Solomon et al., 1988]
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Geocorona
~570 km

~500 km

Height distribution of 
auroras based on over 
12000 observations by 
Stormer and Colleagues 
(after Egeland and Burke, 
2023) 



WFI inner FOV never sees below 
~650 km
WFI outer FOV sees at least up to 
~1200km

The blue, green, and red polygons 
show the intersection of the various 
WFI pixel look directions with:
700 km geocentric altitude (blue)
900 km geocentric altitude (green)
1200 km geocentric altitude (red)
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𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝑂𝑥𝑦𝑔𝑒𝑛 
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

~150𝑘𝑚 𝑡𝑜 
𝑎𝑏𝑜𝑣𝑒 400𝑘𝑚 

~90𝑘𝑚 𝑡𝑜 
120𝑘𝑚 

~80𝑘𝑚 𝑡𝑜 
110𝑘𝑚 

~80𝑘𝑚 𝑡𝑜 
𝑎𝑏𝑜𝑣𝑒 110𝑘𝑚 

Example of the altitude of auroral emissions from ARCTICS-SMILE system
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Note that this system measures the aurora sideways to study their 
altitudinal profiles

• The green-line emission (557.7 nm) occurs at altitudes below the 
region of interest for PUNCH

• However, this emission is a valuable diagnostic tool as it can be used 
to identify the location of the auroral oval 

• They also help determine whether observations are occurring inside or 
outside the auroral oval

Courtesy of Emma Spanswick at the University of Calgary







The November 2025 Storm

• In November 2025, a series of 
consecutive CMEs associated with X-
class solar flares impacted Earth

• This produced highly active auroral 
conditions

• Auroral activity can be tracked using 
the Auroral Electrojet (AL) index (see 
last panel)

• Strong activity is observed on 
November 12–13

• Quiet conditions are present prior to 
the storm (November 11), and again 
on November 14, during the recovery 
phase.



November 13-14, 2025
Level 3 PUNCH data

2025-11-13 2025-11-14



North 
America

Pinawa
Lucky 
Lake

• The aurora is highly active

• Ground-based cameras at 

Rankin and Gillam (near NFI’s 

mapped location) appear to be 

cloudy out at this time, but 

magnetometer observations 

show clear oscillations 

• These signatures indicate an 

active auroral oval

Event 1



Poker 
Flat

S• Like the previous event, the 

aurora is very active

• Magnetometer station near 

WFI1 in Alaska show strong 

perturbations reaching 

magnitudes of ~400 nT 

• These signatures indicate 

intense auroral activity in 

the region.

Event 2



Summary
• Based on bandpass and FOV of PUNCH (WFI-focused so far) is most 

likely to observe auroral and airglow red emission lines
• Key emissions include the red doublet (630.0 and 636.4 nm) and H-𝛼

emission associated with proton precipitation
• Polar cap ion outflow (AKA ‘cusp aurora’) from N2 and Hydrogen if it is 

solar illuminated could be visible too.
• The sensitivity of the WFI and NFI instruments is critical for identifying 

detectable signals and ruling out emissions below the detection 
threshold

• Scattered light from airglow and aurora below the FOV?
• Best path forward: start with geomagnetic events e.g. ASIs and other 

ground-based instrumentation



NFI



Extra slides



Cosby et al, 2006

Equatorial region (see Slanger et al., 2004)

Nightglow



WFI3

13:04:04 UT

12:54:23 UT

2025/11/14

WFI3

Polar 
Cap

Pola cap 
Boundary

• For this event, WFI3 is likely crossing the polar cap boundary (estimated 
from radar data)

• This boundary marks the poleward edge of the auroral oval 
• The magnetic field topology transitions here from closed field lines (within 

the oval) to open field lines (polar cap)
• However, on November 14, geomagnetic conditions were very quiet
• While magnetometer data show some oscillations, the amplitudes are 

small (~4 nT) at the time of the satellite crossing

FSMIFSIM

Event 2



Airglow--> Nightglow 

Mesospheric OH Meinel lines (80-100 km altitude) 

Meinel, 1950







The aurora spectrum 380.5 nm-1160.0nm (Physics of the Aurora and Airglow—Chamberlain) 
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𝑂2
+

• The dominant source of 

O(¹S) — the transition 

responsible for the green-line 

emission (557.7 nm) — is 

dissociative recombination of 

O₂⁺ (Whiter et al., 2023)

• O₂⁺ peaks at ~90–110 

km altitude (Hunter and 

McElroy, 1968)

• This sets the typical 

altitude of the green-line 

emission 

• Therefore, the green-

line emission occurs 

below the altitude 

range most relevant 

for high-altitude 

auroral observations 

by PUNCH.



Magnetometer data for Nov 13
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Aurora

Airglow/
Nightglow

Emission produced by 
magnetospheric electrons 
and ions precipitating into 
earth atmosphere

Quiescent terrestrial glow, 
dayglow and nightglow

𝑇ℎ𝑒 𝐼𝑆𝑆 

The Airglow Spectrum—Physics of the Aurora and Airglow



Atmospheric Emissions at Earth: What Should PUNCH Observe?

Geocorona

Hydrogen atoms in the exosphere emit 
a bright ultraviolet glow, known as the 
geocorona, when they are illuminated by 
the Sun [For more see NASA 
Carruthers Mission!]
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Nightglow exhibits numerous emission 
lines; however, most of these originate in 

the mesosphere (∼50–90 km altitude), well 
below the observational range relevant for 

PUNCH.



Atmospheric Emissions at Earth: What Should PUNCH Observe?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Summary
	Slide 15
	Slide 16: Extra slides
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

