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Many collaborators over the years. 

Will talk generally about 15 cm FPI (HODI) results obtained at JJO in July, August, and 

September 2022 and then pivot to discuss future collaborative plans for 2022-2023 

winter at KHO working with Anasuya Aruliah,  Mike Kosch, and Ian McWhirter.



Had intended a few introductory slides regarding 

the aeronomy of the polar cusp to go here but to 

avoid going on too long, I will move these slides to 

the end of the presentation.  They will be available 

for review if we have time at the end of the talk.



Where is the polar cusp?

Obviously, in the polar region 

but this is more specific in the 

sense of a particular latitude 

where the soft particle flux of 

the solar wind plasma has a 

direct access to the Earth’s 

ionosphere along the 

geomagnetic field lines.

Alternative name of “cleft”

Simplified view 



Soft particle precipitation generates 

cusp aurora characterized by 

enhanced 630 nm emission

Quiet

Quiet

Active

Active



What makes this location especially interesting is the density spike that is 

observed when the CHAMP satellite passed over the polar cusp region.

From Luhr [2004]



Schunk and Zhu [2008]



Longyearbyen is ideal for 

observing the cusp in an 

optical sense

There, a period of 24 hour 

continual darkness exists 

in the months of 

December and January

75 degree circle 

marks typical 

location of the 

mid-day aurora 



A very appealing aspect 

favoring collection of 732 nm 

observations at Svalbard is 

the lack of auroral molecular 

1PG emission of N2.

Otherwise, the O+ emission 

is overridden by the many 

rotational lines of the 27 

branches of the First Positive 

Group bands of N2 evident in 

this region.



Plans for KHO in the fall-winter, 2022-2023

My visit to KHO in January 2012 was very impressive such that I became interested 

in the idea of fielding a 15 cm imaging FPI to KHO. 

The focus would be to use the high sensitivity of this instrument to observe both 

the O 630 nm and the O+ 732 nm doublet emissions in sequence by using a 15 cm 

filter wheel. 

Such an instrument would take advantage of the general absence of auroral N2

molecular emissions

The line shape of the O+ would allow the measurement of the ion temperature Ti. 

Doppler shifts would also be measurable.

The instrument would be very sensitive, capable of observing 11 rings. Would be 

able to observe 630 nm wave structures with an accuracy approaching 1 ms-1.



Issue regarding 15 cm objective lens

Tried using achromatic objective lens ($1000) but this did not work because the image 

was out of focus in the corners of the focal plane. Normally, a long focal length lens is 

used, such as 75 cm, but this would have meant only one 630 nm ring. This is the setup 

for the narrow field 15 cm FPI that Anasuya Aruliah was operating at KHO. 

I wanted to work at shorter focal lengths so that I could get multiple rings, as many as 

eleven. This is equivalent to broadening the field of view from 0.2 deg full angle to 2.0 

degrees full angle. However, the problem is that the focal plane is then curved. This 

explains why the image was out of focus in the corners but in focus at the center.

It proved to be possible to design a multiple element  objective lens assembly where a 

corrector lens is added to produce an image In the focal plane that would be flat. 

Will show results from JJO illustrating the instrument and both 630 nm nightglow and 

732/OH  nm twilight-nighttime observations







No etalon in optical axis
Focus is obvious

Cross hair target



Out of focus



Characteristics of the JJO Fabry-Perot interferometer

• 15 cm aperture diameter – as big as they come – the MaxFPI instrument would be 20 cm

• Apochromatic lens assembly designed to flatten focal plane so the whole field is in focus

• Highly sensitive low noise CCD camera as detector

• Double axis SkyScanner provides flexibility for observing in any direction

• Two filter capability using a four position filter wheel constructed in Clemson machine shop

- 630 nm and 732 nm filters with 1 nm band width and 55-60 % transmission



Home of the Jenny Jump FPI observatory (40.92 N, 74.9 W)



SkyScanner – az and zenith 

independent axes



FPI assembly at the 
laboratory test table

FPI installed at JJO but 
missing one important part!

View with 
etalon mounted 
aligned with the 
optical axis



First light!

2 July 2022



One dimensional 630 nm interferogram



Laser interferogram

Sky interferogram

These are independent orders so this is like having 11 

separate FPIs, each with a slightly different field of view 



Data analysis
Just a brief description of the data analysis processing that is applied  (based upon 

Harding analysis algorithm). 

Image will show signs of vignetting effects but the amount of energy per order is the 

same. So,  slightly lower resolution near the edge due to broadening.

• Find ring center. Use many laser cals (~70) for this purpose to track behavior during the night.

• Conversion of 2D image to 1D by annular summing around ring center

• Apply a modified version of the Airy function as a model that includes Doppler broadening 

and Doppler shifts. 

• Assume source emission is Gaussian in speed distribution of moving O1D atoms

• Relative intensity determined from the area of the 1 D interferogram order

• Apply a nonlinear least square model fit to get the best determination of the Doppler profile 

deconvolved from the sky spectral profile.  Estimates of Doppler broadening and Doppler shifts 

can then be obtained.



Examples of ring centering, variation of laser intensity 

with time, etalon spacer gap drift due to thermal 

changes in trailer,

and 630 nm sky intensity variation through the night.

Results for 13 August 2022

Log scale
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Analyzed Results!

•  Start with most interesting finding:       vertical winds

•  Will compare JJO results with results from MHO and UAO

MHO is Millstone Hill Observatory FPI – some 325 km to the north

UAO is Urbana Airglow Observatory, some 800 km to the west



Results for 24 August – quiet day

WZN

series of 

directions

Eastward

and then

southward

Zenith only

Expanded

scale

T

I
Results for 30 August – active day

Zenith only



UAO temperatures

JJO vertical winds

UAO winds

JJO temperatures

MHO temperatures

25 July 2022 Vertical direction only

Oscillatory behavior seen in w within

range of 5 to 10 ms-1

MHO and JJO temperatures similar; UAO temperatures typically 100-150 K lower

Very interesting JJO vertical wind and 

temperature results with  “hot spot” near 

6 UT. 

“Who ordered this!”

Hot spot



Neutral temperature peaks

JJO Location

Eastward plasma flows seen 

preceding neutral T enhancements, 

and westward flows preceding T 

minimums. Possibly indicating a role 

of ion-neutral frictional heating in 

enhancing T. 

Thanks to Lindsay Goodwin (NJIT) 

for this.

Neutral temperature valley



Summary: temp behavior 
similar for all three 
observatories. Very active 
vertical wind structure seen.

Early meridional wind flow to south.
Seen in MHO data as well.

N-S-Z data only for this night

100 to 150 K offset of UAO
relative to JJO.

26 July 2022

JJO UAO MHO



JJO results - 27 July 2022

MHO

UAO

Temperatures

MHO and JJO thermal behavior quite similar but 

UAO looks to be 100-150 K lower.  MHO and JJO 

data analysis procedures are quite different. UAO 

and JJO similar.

JJO



Wind results for JJO on this 

night are quite interesting

Typical meridional winds to 

the south throughout the 

night

Zonal winds to the west 

during evening period of 02 

UT to 04 UT.  Quite unusual 

and suggest response to ion 

drag caused by westward 

moving plasma as in the 

auroral zone.

27 July 2022



Significant eastward winds seen the whole 

night until just before dawn

Results for the last night from JJO



Summary - JJO 630 nm observations
• Much more exploration of vertical winds at JJO to be done, especially 

to explore whether the Burnside relation holds for mid-latitude 
locations.

• JJO has successfully detected what looks to be gravity wave features in 
the zenith for at least two nights.

• Tentative plans are for JJO to return to JJ next year during the spring



JJO was also successful in obtaining 732 O+ spectra by 

using the filter wheel to observe the O+ metastable 

emissions of this doublet auroral feature during twilight. 

The sensitivity proved also to be sufficient to observe 

the OH 731.6 nm emission – doing mesospheric winds 

with OH is feasible

Will provide background review before showing spectra.



• Twilight observations of 732-nm emission intensity of O+ (2D-2P) doublets provide 
remote sensing means of observing F-region [O].

• Excitation of O+[2D] state occurs during twilight by photo-ionization of [O] by 
EUV radiation with s below 67 nm. In aurora, excitation would be by soft 
energetic auroral electrons. Production by conjugate photoelectrons also possible.

• Primary loss process is radiation via 732-nm and 733-nm emissions

• Radiative life time of O2P ~ 5 s

• Quenching takes place by collisions with molecular nitrogen

• High resolution measurements of O+ spectral profile can be applied to determine:

- ion drifts (ions immediately move according to EXB forcing)            

- ion temperatures 

- intensities (area under spectral profiles)

Introduction to 732 O+ studies



Interest in 732 nm O+ emission extending over 50 years

Early beginnings

Ester Dome, Ak

Meriwether Search for the Holy Grail in Aeronomy



Production of O+(2D) by two pathways:

•Photo-ionization by EUV photon

•Photo-ionization by energetic electron impact
The OH 731.6 nm emission is a case of 

good news and bad news.

The bad news is that it contaminates 

the O+ emission that we are trying to 

observe. We can, though, remove the 

OH contamination.

The good news is that the OH doublet 

represents a means of Doppler 

calibration re any field-aligned or 

horizontal drift motions.

This point will be illustrated below.



The big question is how fast does 

thermalization takes place given 

production by either production 

pathway.

These results suggest that the 

Doppler width of the O+ 732 spectral 

emission would represent the 

broadening associated with the plasma 

ion temperature but this needs to be 

tested.

Thus, the comparison of optical Ti

with the radar Ti should be conclusive.



Active night implies thermal expansion of 

the thermosphere so that the [O] density 

is increased.



Twilight experiment geometry featuring FPI 

instrument pointing toward the Sun

Sun

Svalbard location during the 

winter period should be 

quite favorable for twilight 

observations as the shadow 

height is relatively low.



The two OH components 

are seen here for 

observations taken with 1.5 

cm spacer gap. Origin is 

lambda splitting – a quantum 

mechanical effect. Separation 

well known and can be 

precisely measured in the 

absence of the O+ peaks.



The position of the first OH peak in each order represents a Doppler wind marker of zero 

wind as determined by a separate vertical view of the zenith. 

The free spectral range at 732 nm is about 7000 ms-1.

For any line of sight view of aurora from KHO the OH Doppler shift relative to the vertical 

direction would be maybe a few tens of m/s.  The OH vertical wind can be taken to be zero,

This means the offset of the O+ emission peak relative to the OH peak can be determined 

relative to a Doppler zero if the Doppler zenith calibration spectrum is considered.

The use of multiple spectra might be required to determine the offset of the O+ zero 

Doppler shift marker relative to the OH zero Doppler shift marker. As an example, consider 

both zonal directions East and West relative to the zenith. Over time the average of the red 

shifts in one direction and the blue shifts in the opposite direction would give an offset 

quantity relative to the Doppler position of OH.  This would be used to determine the zonal 

ion drift zero Doppler marker at any other time after this period of calibration.

Doppler observing strategy



We expect that the 

auroral signals would be 

quite bright relative to the 

OH contamination.



Results from Cierpa and Kosch (2003) 

suggest that Ti might be somewhat 

higher than Tn.  It appears that Ti

(radar) and Ti (FPI) may be the same.

Black – EISCAT Ti



Twilight observations of the 732 doublet 

emission at Jenny Jump Observatory

After a bit of trial and error we got three clear nights of continual 

observations of the twilight emission of the O+ emission with a 

procedure that made the SkyScanner track the Sun. These results 

not yet analyzed due to need to prepare for shipment to KHO.

The FPI line of sight was maintained at 70 degrees zenith angle 

while tracking the solar azimuth continuously from the NW to the 

North to the NE over the range of 5 to 20+ solar depression 

angles.

Do have results for one azimuth direction that illustrate the decay 

followed by an increase of the twilight O+ emission.



Early twilight



Midway







Zenith direction, the O+ emission is gone.

The OH doublet 

caused by lambda 

splitting can be clearly 

seen.

Exposure time is 180 s

for each image.



Averaging all orders together



Plans for the future

• Results presented demonstrate we are ready to send the FPI to the Kjell Hendriksen 
Observatory in Svalbard to observe in the magnetic zenith direction the winds and 
temperatures of O and the ion temperatures/ion drifts of O+ in sequence using the filter 
wheel. Perhaps a cycle of successive 732 O+ images (maybe 3 with 3 min exposure times 
for each image) followed by 630 O image (60 s). Then, zonal and meridional observations 
to look for 732 O+Doppler shifts.

• Future plans after the Svalbard experiment are to relocate back to JJO next spring and 
eventually to engage in simultaneous observations of 630 nm thermospheric dynamics 
with observations of exospheric dynamics using a separate FPI designed to observe the 
Doppler profile of the 1083 nm He emission. 

• New MRI award will cover expense of building the He FPI that would be carried out by 
Keo Scientific, Ltd.  A few slides are presented here summarizing these plans.



MaxFPI – instrument designed to observe the He 1083 nm spectral profile

Major Research Instrument proposal was submitted to NSF 

last January and was selected for funding after receiving 

excellent reviews.

Instrumental concept organized to achieve FPI maximal 

sensitivity by two means:

• by increasing the receiving area of the etalon by factor of  

two, i.e. increase the diameter from 15 cm to 20 cm.

• by using a large format CCD camera (deep depleted) so 

that we go from 1024 x 1024 (1.27 cm x 1.27 cm) to a 2048 

x 2048 pixel (2.7 cm x 2.7 cm ). This allows the observations 

of 4 orders rather than just one.

• Otherwise, the design is much the same as that for HODI.



The MaxFPI etalon as seen on 12 October 2022



Calculated spectral 

Interferograms for

He 1083 nm, OH 840 

nm, and O 630 nm

Possibly, we might get a camera 

that has a higher Q



One motivational factor for 

MaxFPI was to confirm the 

finding by Aruliah et al. (2018) 

that the CHAMP winds are 

significantly faster than the 630 

nm winds for altitudes near 325 

km as compared with altitudes 

near 240 km.





Another motivational factor is the strong indication 
that the viscosity of the region above 400 km is 
significantly less than it is for the region below 250 
km. Therefore, you would expect faster winds.

Vadas and Crowley, 2017



Vadas and 

Crowley, 

2017



Kerr et al, 1993

Conceptual diagram 

illustrating the spectral 

features for the He 1083 

nm application.

YAG 1064 nm emission

OH (P branch)
He 1083 

OH 
and He

Spacer gap of 0.25 cm



Waldrop et al.,[2005]





Illustration of the He 
spectral region 
observed using a 
germanium detector.



Preliminary results obtained by 

Kerr (private communication) 

do suggest fast winds in the 

exosphere region.



Concluding remarks

• I would argue that more needs to be done re investing in optical 

technology developments to study the dynamics of the geospace region.

• The application of high resolution interferometry is a powerful way of 

studying geospace. It is hard to beat a combination that includes winds 

(dynamics), temperatures, and intensities as the key data products. 

• The introduction of short wave infrared (SWIR) detectors in the 

coming years may well change optical aeronomy in the sense of exploring 

new environs of the optical spectrum. Imaging the proton and electron 

auroras may also connect with the imaging of the He aurora.  Stay tuned.



EISCAT operates the UHF (left; 

931MHz) and the VHF (right; 224MHz) 

radars at Tromso, Norway since 1981 

and 1988, respectively. The UHF radar 

system was capable for employing the 

steerable tristatic method using two 

remote receivers at Kiruna, Sweden and 

Sodankyla, Finland. However, the remote 

receiver systems were converted to 

receive the VHF signal instead of the 

UHF because of interference from 

telecommunications.  The UHF radar is 

now operated as the monostatic system.



vector

• Ion velocity

• Electric field

• Conductivity

• Ionospheric current

• Joule heating rate

• Particle heating rate

• Neutral temperature



Mesoscale transient flow channels observed in the cusp
ionosphere by the EISCAT Svalbard Radar

by 

Y. Rinne

J. Moen

H. C. Carlson

K. Oksavik

Following slides taken from talk given by Dr. Y. Rinne (2009) 



Rinne Definition of Reversed Flow Events (RFEs)

• A Reversed Flow Event is an elongated 
segment of enhanced ion flow in the 
opposite direction of the background flow

• The RFE has to be evident in more than one 
radar beam azimuth (this criterion eliminate 
bad measurements).

• The line-of-sight ion velocity inside the RFE 
must be greater than |250| m/s for at least 
one scan.

• The RFE has to have a longitudinal extent of 
at least 400-600 km in the radar field– of-
view.

• The RFE has to stay in clear contrast to the 
background, i.e. the background flow must 
exhibit uniform opposite velocities higher 
than |250| m/s in the area surrounding the 
RFE.

• The RFE has to be embedded within the 
background flow for at least one scan (this 
criterion avoids large-scale convection 
reversals being detected as RFE).



RFE occurrences versus MLT



Occurrence of RFEs

• RFEs seen 16% of the time throughout the dataset

• Their average lifetime was 19 minutes

• They exceeded the field of view in length (> 400-600km) and 
are around 100-200km wide

• No preference was found for the IMF Bz polarity

• It seem as if flow channels are IMF By independent

→ RFEs appear to be a regular feature of the active cusp



Carlson et al. 2012



Plasma density

w (ms-1)

Ion temperature
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