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• I’m Gilly, one of the 4 new PUNCH AIs

• I do optically-thin line-of-sight science

▪ Forward Modeling 

• Spectroscopy (GHOSTS)

– NEI coronal ion modeling 

• WL Imaging (STRIA)

– PUNCH project

▪ Image Filtering

• Statistical Radial Norm (SUNBACK)

• I love doing outreach!

• Defending my dissertation 
sometime in 2022.

Summary

Contact Me!
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Who am I? Science

I like to be called Gilly (he/him),
though I publish under Chris R. Gilly.

1 Paper Published, ~4 in prep, and 
several collaborations in the works!

Graduate Research Assistant @ CU Boulder 

PhD Candidate in Astrophysical and Planetary Science
LASP Researcher (SPSC), Advisor: Steve Cranmer

PUNCH Associate Investigator, Advisor: Sarah Gibson

https://arxiv.org/abs/2008.09580
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Who am I? Service

SHINE Student Representative
(Chair of Student Committee)

AGU/SPA Student Representative
(Chair of Student Committee)

https://connect.agu.org/spa/resources
AGU/SPA Webmaster

https://helionauts.org/, ask Barbara Thompson for an Invite

https://connect.agu.org/spa/resources
https://helionauts.org/
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Who am I? Outreach

Public Talk Facilitator
Fiske Planetarium 
(website, YouTube)

Author/Founder of 
Spark, Spin, and Freeze
GT Physics Outreach Arm

Author of Program
Whittier Elementary

https://www.colorado.edu/fiske/showtimes/live-talks/science-under-dome
https://www.youtube.com/playlist?list=PLAJ3J5OEZMuLwXYpuDDlscXgWZsgGlnW2


Presentation Title: FORWARD Modelling for PUNCH

www.gilly.space
Chris.Gilly@Colorado.edu

My Work

off limb spectra modelling

off limb image filtering

Stria

off limb image modelling
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The GHOSTS Model
off limb spectra modelling
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• GHOSTS simulates LOS integration of off-
limb coronal emission lines*, in the  
optically-thin approximation.

• This is a forward model

▪ Start with physics -> get observations

• It is semi-empirical: it uses the output from 
several other models and a few 
observations to build the solar 
environment (See Gilly & Cranmer 2020 for details)

▪ The code is written in python, and will 
help us unveil the ghosts in the data.

8

GHOSTS: Global Heliospheric Optically-thin Spectral 
Transport Simulation

*for example, the lines seen by Hinode/EIS and 
SOHO/UVCS
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Let’s take a look at this description:

9 18.5nm

20.5nm

Spectroscopic 
Measurements
Image by Miloslav Druckmüller 2009

Solar Corona

Open-Field

Forward Modelling

Spectroscopic Measurements

of Open-Field Regions 

of the Solar Corona

Line of Sight velocity 
causes a Doppler shift 
in the rest wavelength

Velocity Distribution -> 
Wavelength Distribution 

What kind of observation?

Some Physics that Contribute to Line Width:
Natural Thermal Width
Solar Wind Outflow Doppler Broadening
Alfvén Wave Doppler Broadening (in prep!)
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A caveat: the ionization fraction stops being 
dependent on temperature when the 
collision rate gets too low.

When 𝜏𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 > 𝜏𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 the particles 

are unable to reach a collisional equilibrium
before they are swept out by the solar wind, 
and the ionization state becomes frozen-in

1

𝑓𝑟2
𝜕

𝜕𝑟
𝑓𝑟2𝑛𝑖𝑢𝑖 =

𝑛𝑖−1𝐶𝑖−1 + 𝑛𝑖+1𝑅𝑖+1 − 𝑛𝑖 𝐶𝑖 + 𝑅𝑖

Elemental Abundance and Ion Fractions

Equilibrium and NEI Charge States of Oxygen

We use CHIANTI for quantum mechanical parameters
• Provides coronal elemental abundances Ab

• Provides temp-dependent ionization fractions 𝑓 𝑇

Oxygen Ion #
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Absolute
Ion Density 

Vs Height

Ion Fraction 
Vs Height

Freezing Heights

We chose 12 lines to 
model for this work
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• Ran Model from 0.01 to 10 R_s off the North limb
• 12 ion lines were Gaussian fit at each height
• The measured width is converted easily to a 

temperature because there are no flows

Flow Free Run (Thermal Case)
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Plateau Effect

13

What: Your measurements are flat in 
the low corona

Why: When measuring below the height 
of peak density (the plateau height) the 
measurement is contaminated by the 

bright foreground and background. 

Result: Plateau Heights

Ion Fraction Vs Height
(Normed to the Frozen-in Value)
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off limb image filtering
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• Evolution of the Project

▪ Fun side project to set desktop background to solar imagery 

• Implemented a Radial Filter

• Ran on laptop, Output Hosted Synoptically on Website 

▪ Exposed API for the core algorithm

• Compute Migrated to Amazon Web Service AWS

• Desktop client just gets from the web
pip install sunback

import sunback as sb
sb.run()

▪ Image Processing Pipeline
• Modular Get, Process, Put Architecture 

SUNBACK



Presentation Title: FORWARD Modelling for PUNCH

www.gilly.space
Chris.Gilly@Colorado.edu

• Review of radial filtering methods
▪ MGN, aia_rfilt, Rolling Hough, + noise gating

• Presentation of Statistical Radial Normalization

• Compare and Contrast algorithms, and try 
many in series in different permutations

Outline of the Paper (in prep)
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Statistical Radial Norm

So how does it work?
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SUNBACK Algorithm
• Sort the pixels by radius
• Find Percentile Curves
• Normalize between 0-1
• Take care at the limb
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Normal
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SRN
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• I have lots of ideas 
about where to 
disseminate these

▪ My Website

▪ Planetaria

▪ SWx Model Stage 
Platform

▪ PanHelio

▪ Etc.

▪ Contact me if you 
want access to 
the imagery!

▪ There’s a lot 
more science that 
can be done with 
this!
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Stria

off limb image modelling
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• FORWARD is a radiative transfer code managed by Sarah Gibson

▪ STRIA is a module within FORWARD

▪ FORWARD/STRIA is written in IDL

▪ STRIA provides plasma parameters to FORWARD

▪ FORWARD produces images of Polarized Brightness

What is STRIA?

• STRIA is essentially analytic and vectorized, as 
opposed to the discrete, rasterized nature of 
typical 3D simulations. It uses magnetograms
to determine the density of radial flux tubes. 

• It’s also a testbed – now I have FORWARD working.

• STRIA_PY is an analysis suite I’m writing in Python. 
Because yuck, IDL. ;)
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• Some of the Science Questions we want to answer

FORWARD/STRIA

Static STRIA
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Example “synoptic” image
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• Choose 1 radial distance (at different latitudes) & examine time variability:

Rotational variability

mean pB (normalized)

1 full rotation at latitude 45o
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• Some of the Science Questions we want to answer

FORWARD/STRIA

Static STRIA Blob STRIA
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Bleeding Edge (for me)

Revolving in Earth’s Orbit

Static Blobs Flowing Blobs

View from Earth

Tune in next time for “Why these blobs don’t 
know about object permanence!”
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Bleeding Edge (for me)

From EarthEffect of the Parker Spiral

From above Pole
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• (Active) Steve Cranmer
▪ Graduate Advisor, GHOSTS Science

• (Active) Sarah Gibson 
▪ SSW/Forward and PUNCH Science with STRIA

• (Starting) Barbara Thompson and Valmir Moraes Filho
▪ Forward Modelling and Flow Tracking for PUNCH

• (Future) Ben Boe
▪ Predictions of ion freeze-in heights for Eclipse Observations

• (Future) Yeimy Rivera
▪ Discussing Non-Equilibrium Ionization in the Corona

• (Active) (Many Authors) Middle Corona Review Paper 

• (Active) (Many Authors) Outreach White Paper

• Want to see your name here? Email me!

Collaborations
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• I’m Gilly, one of the 4 new PUNCH AIs

• I do optically-thin line-of-sight science

▪ Forward Modeling 

• Spectroscopy (GHOSTS)

– NEI coronal ion modeling 

• WL Imaging (STRIA)

– PUNCH project

▪ Image Filtering

• Statistical Radial Norm (SUNBACK)

• I love doing outreach!

• Defending my dissertation 
sometime in 2022.

Summary

Contact Me!
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Extra Slides, Below
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Extra Slides
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With short cadence, 
we can track the 
centroid motion. 

With long exposures, 
we must look at the 
line width

Dynamic Spectra
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A very simple NFI testbed model
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• Modular Image Pipeline Constructed

Personal Data Pipeline
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Comparing results for a sampling of a solar cycle with OMNI data at 1 AU…

Computing density from magnetic field

We will determine whether better choices for the parameters exist, but we caution that the 1 AU 
data has undergone lots of stream-stream interaction.
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There are 2 effects that appear to determine solar-wind density:

Computing density from magnetic field



Presentation Title: FORWARD Modelling for PUNCH

www.gilly.space
Chris.Gilly@Colorado.edu

• Over 1 rotation (near solar min), the rotation of “static” structures 
contributes to as much as a 10% to 20% pB variability baseline.

• Over 1-day timescales, this reduces to ~0.3 %.

• Over only 2 hours, this reduces to ~0.08 %.

• Seems small, but with all the background subtraction required to 
resolve velocity-tracing “blobs,” it may be important.

• Note: 2 hours ≈ 

Rotational variability

1 degree of solar rotation

time for a parcel to flow ~1 Rs at 100 km/s
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Also to do:

At a given radial distance, compare & contrast
power spectra, computed as a function of position angle, 
for:

• density fluctuations in plane of sky

• pB fluctuations computed from LOS integrals
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Zephyr 2007
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• Physics that Contribute to Line Width:

▪ Natural Thermal Width

▪ Solar Wind Outflow Doppler Broadening

▪ Alfvén Wave Doppler Broadening (in prep!)

• Other important physics:

▪ Density Variation along Line-of-Sight

▪ Rapid Ionization State Changes with Height

47

In this work, observations are simulated using 
semi-empirical forward modeling. This means the 
physics must be manually added to the model.

In
te

n
si

ty

What Factors cause line broadening?z
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• Rather than use a 3D simulation (limited by grid resolution), we define an “infinitely 
resolved” set of flux tubes assumed to be separated by rigid walls.

• Number/width of flux tubes:  each maps down to ~1 supergranule.

• GONG synoptic magnetograms are extrapolated using SWPC’s operational version of 
PFSS (we call it the SMCS technique: “Schatten [1971] & McGregor et al. [2008] 
Current Sheet”).

• The central axis of each flux tube is mapped from r >> Rs down to the photosphere, 
and we compute both the WS90 expansion factor fss and the photospheric magnetic 
field strength.

• Example:  one full rotation of CR 2058, with open regions shown in light gray; closed in 
dark gray; regions of likely S-web interchange reconnection in red.

3D description of corona & heliosphere
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Video

6-14-21
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Video

4-19-21
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Video

5-9-21
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STRIA



Presentation Title: FORWARD Modelling for PUNCH

www.gilly.space
Chris.Gilly@Colorado.edu

•FIN

Fin

Fin


