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Infrared Observations of Total Solar Eclipse

On 2 July 2019 a total solar eclipse will pass across South America. The High Altitude Observatory (HAO) 
is leading a field expedition to the Cerro Tololo Inter-American Observatory (CTIO) in Chile to make 
infrared measurements of the solar atmosphere during the eclipse. We are seeking an REU student to be 
involved in both the design of the instrument and the observations at CTIO. The student will be part of 
the team that designs the instrument set-up at HAO, including the software programming necessary for 
communication between the camera and the data-acquisition computer. The student will also travel to Chile 
with the team to participate in the observations of the eclipse.

Two experiments, two different goals, one motivation:

Predicting coronal features               Predicting space weather events



What is an eclipse?
Moon occults Sun (in solar sense)

Occurs every 18 months somewhere on Earth

Standupmaths has a cool youtube vid on predicting solar eclipse 
occurrences using Pi.

Photo by Dr. Miloslav 
Druckmüller
Svalbard, 2015



Why? Solar Eclipse → (more) Visible Corona
How? We’re getting there...

Miloslav Druckmüller, Shadia Habbal, Peter Aniol, Pavel Starha. 
Composite of 24 eclipse images, Svalbard, 2015.



So what is a corona??? Nobody knows...
… enough about the corona to be satisfied.

Corona is
- Plasma
- Way hot (hotter than photosphere)
- Cool

And is influenced by
- Magnetic fields
- Heat
- MHD eqns
- aliens? 

We can measure
- Intensity
- Polarization

Revealing information on
- Temperature
- Velocity
- Density
- Magnetisation

WOW.



How is the corona seen?
- K-Corona - electron scattering
- F-Corona - dust scattering
- E-Corona - ion emission

Kontinuierlich-corona comprises the majority of human-visible “white light”
corona.

Fraunhofer-corona is also known as zodiacal light (shoutout Zeke). F-corona is 
also “white-light” corona.

Emission-corona comes from spectral emission of hot ions in the corona.

Experiment one

Experiment two



First Experiment: White-light polarization
- Recall that “white-light” refers to K-Corona
- Polarization originates from Thomson Scattering off of electrons.
- Indicates electron density, proportional to Corona density.

- (Hot corona = more free electrons, so some relation to temperature)
- Linear polarization is diagnostic of Plane of Sky (POS) corona.



Plane-of-Sky (POS) vs. Line-of-Sight (LOS)

Picture the SUN as a CIRCLE in out sky. 
Radially emitted light away from that circle is 
emitted in the plane of sky.

Line of sight indicates the axis along 
which the observer views the solar disk.

Theoretically, if the sun were a circle and all electrons were in the plane of sky, 
then 100% of Thomson scattered k-coronal light would be polarized.



Second experiment: E-corona IR polarization
- Infrared coronal emission lines tend to come from ionized particles, like Si 

X and Fe XIII.
- Thanks to E-Corona, we know that the Corona is HOT, on the order of millions of 

kelvin (much warmer than the photosphere).

- Some of these lines, ‘forbidden-lines’ in particular, tend to be sensitive to 
magnetic field intensity. (Zeeman effect, anyone?).

- The Si X line (1.43 micron) shows “great promise” for measuring 
magnetic fields, as it

- Is “one of the brightest” [IR lines available]
- Is sensitive to magnetic fields
- Is sensitive to coronal electron density (that linear polarization again!)

Not to mention that this line is comparatively UNEXPLORED
Curious? Dr. Paul Bryans can tell you more right after this, Captain Mary room down the hall.



Where’s the Data?
The highly anticipated Si X line will be 
observed by DKIST.

Courtesy NSO

But what can we expect? Who knows!

“To date the only observation of the [Si X] 
linear polarization is from Dima et al. 
(2018)” (Dima et al. 2019). 

The above observations were achieved at ~8.5’ spatial resolution. Our 
observations provide polarization data at about 5.12’’ / pix, approximately 98 x 
the resolution of former observations.



Motivation: measure complete linear polarization
of the Si X line during the Chilean eclipse.

M. Druckmüller / P. Aniol / 
K. Delcourte / P. Horálek / 
L. Calçada (ESO)



White light polarization gives us coronal density info
It’s an ancient, tried and true method...

Recap

IR emission lines reveal compositional, magnetic, 
and many other aspects of the corona.

Si X line is a fan favorite that no one has (really) 
looked at.

So why do we care…. Well . . . . . . 



Polarization optics...
- Are bulky,
- Are large,
- Often require movement,

and overall are NOT suitable for 
spatially constrained experiments 
like CubeSat missions.

Our IR experiment required two filter wheels and easily over 200 lbs of equipment to fully operate.



PolarCam is different
- Small
- Lightweight
- Robust
- Independently capable of “snapshot 

polarimetric observations”

Specs:

CUBESAT READY OH 
YEAH



Polarimetry - Intro to Stokes Parameters

Dan Moulton [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]



PolarCam : the polarizer mask

A pixel-matched polarizer array is attached to the CMOS sensor.

At a snapshot, all stokes parameters are available for extraction.

Brock et al. (2014)



Eclipse over Chile: July 2, 2019



Cerro Tololo Inter-American Observatory (CTIO)

NOAO/AURA/NSF







Egads! A field office!





Great, but what about the data?
It’s all preliminary, and it looks promising!

For PolarCam, goal is to

- Compare quantitative and qualitative results to other ground-based 
instruments (NCAR’s Mauna Loa K-Coronagraph, K-Cor).

- Make good looking images.

For Si X, goal is to

- Get anything interesting.



Polarcam

Polarization brightness (pB)
Shows intensity of linearly polarized light.



Polarcam

Dolp = pB / intensity
Shows fraction of light that is linearly polarized.



Polarcam

Sobel-enhanced polarization brightness (pB)
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Linear Polarization tends to be parallel to a tangent line off solar disk. 



Comparison to K-Cor
Excellent qualitative comparison.

Instruments appear to be in agreement.



Quantitative comparison to K-Cor

What could be the cause of this discrepancy?



Issue with Scan height determination
Data discrepancy is not simply an issue of scaling, but also shape.

Reducing PolarCam scan height by a factor of ~2.8% eliminates this discrepancy.



further instrument calibration is required to justify a 
shift in plate scale.
Accounting for image focus and a possible inaccurate plate scale are insufficient to explain this 
discrepancy. Once the telescope returns and the optical system can be lab-calibrated, the source 
of this discrepancy may be determined. 

Conclusion: PolarCam is in agreement with K-Cor

HOWEVER



Si X : Preliminary images



Conclusion
- PolarCam demonstrates potential for deployment in CubeSat missions, 

where it can provide high-quality coronal polarimetric observations.
- Si X data collection was successful, and a complete analysis could reveal 

novel information about the Corona.



“Real Astronomers 
work”

- P.B.

Questions?



Some image links
Svalbard: https://www.ifa.hawaii.edu/info/press-releases/2015solar_eclipse/

Thomson https://arxiv.org/pdf/1512.00651.pdf


