
Polarimeter to Unify the 
Corona and Heliosphere

Science Operations Center 
Development

Dan Seaton, Craig DeForest, Marcus Hughes
Chris Lowder, Ritesh Patel, Jillian Redfern, Matthew West

Southwest Research Institute

Second PUNCH Science Meeting 4
July 6 2023 ☀ Boulder, Colorado



Polarimeter to Unify the Corona and Heliosphere

Data Processing for PUNCH
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Many Observations to Make One Data Product

• PUNCH observes 
continuously at 4-min. 
cadence

• NFI covers 5.4–32 R⨀ 

• WFI covers 20–180 R⨀, 
3 separate segments

• PUNCH produces 3 full 
mosaics per orbit, from 6-
180 R⨀
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Completed In Development Completed



6

Completed Completed In Development



See Marcus Hughes’s Poster on Supporting Packages

Community Package: RegularizePSF



See Marcus Hughes’s Poster on Supporting Packages

WFI 2022 Field Test

Community Package: refineWCS
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Completed Completed In Development
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In Dev. Completed



See Ritesh Patel’s Poster on Polarization Tools

Community Package: SolPolPy

SolPolPy converts from arbitrary polarization measurements to common bases.

Radial/Tangential Stokes B/pB MZP



See Ritesh Patel’s Poster on Polarization Tools

Community Package: SolPolPy



See Ritesh Patel’s Poster on Polarization Tools

Community Package: SolPolPy

“IMAX Problem”

• WFI field of view is so large that 
sampled polarization angle 
varies across field of view
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In Dev. Completed
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Completed In Dev.



Polarimeter to Unify the Corona and Heliosphere

Data Pipeline, Analysis Tools, and Products
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PUNCHPipe handles SOC workflow
4 Key Flow Types:

1. Scheduler

2. Launcher

3. Core - PUNCHBowl

4. Process

Two Key Databases

1. Science Reduction Database (RDB)

2. Archive Database (ADB)

Data Processing: PUNCHPipe & PUNCHBowl
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PUNCHBowl is the science code

Python code used for:

• Generating custom data

• Polarization analysis

• Simulating data from models

Data handler:

• Seamlessly work with data and 
metadata

• Create data files, images, etc.

Data Processing: PUNCHPipe & PUNCHBowl
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Data Products leverage best 
practices and good examples
• Transparent & self-describing 

metadata

• Fully standards (FITS 4.0) 
compliant

• Uses FITS’s multidimensional 
data capabilities to represent 
polarization, uncertainty, etc.

Data Product Strategy
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Sample Products Are Ready

GAMERA Model-derived Data 
Products are now available
• Level-3 Mosaics (B/pB)

• Level-2 QuickPUNCH Space 
Weather Products (Unpolarized)

• Get FITS files here: 
http://tinyurl.com/PUNCH4Data

Data processing by Chris Lowder
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Completed In Dev.
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Polarimeter to Unify the Corona and Heliosphere

Space Weather Applications



QuickPUNCH Space Weather Products

Low-Latency WFI Mosaics

5–80 R☉


Every 4 Minutes

1024×1024 pixels


~3 arcmin resolution

Low-Latency NFI Images

5.4–32 R☉


Every 4 Minutes

1024×1024 pixels


~1 arcmin resolution

WFI & NFI F-Corona 
Background


Every 12 Hours

Derived from preceding


1 month of data

Planned QuickPUNCH Low-Latency Data Products
Dedicated Python 
software generates 
running difference &  
F-corona-subtracted 
images on the fly.


Analysis products are 
FITS format. Quicklook 
in JPEG & Helioviewer-
compatible JPEG2000.


Data available via 
PUNCH website as 
soon as generated.

See Don Schmit’s Talk on QuickPUNCH



Tracking CMEs with Polarization Observations

Sun – Scattering object geometry.

Can estimate line-of-sight distance to 
CMEs using the polarization ratio.

See Matt West’s poster on CME tracking with polarization



Polarimeter to Unify the Corona and Heliosphere

What’s Next?
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• Finish data product definitions

• Develop more synthetic data: SimPUNCH

• Deploy data server and test product-archive interfaces

• Complete CCSDS-to-Level-0 algorithms

• Adding functionality to SolPolPy to support other 
measurements/instruments

• Continue work on tools to generate calibration data based on lab/field 
observations

• Developing polarization-based CME tracking tools

Next up



• Data pipeline is running in test environment, key steps implemented

• Key community tools are available (or soon will be)

• SOC has made important progress on polarization and applications

• Synthetic Data Available Now: http://tinyurl.com/PUNCH4Data

Other SOC-related presentations and posters:

• Marcus Hughes: Community Software Packages (poster)

• Ritesh Patel: Polarization Tools (poster)

• Matt West: Tracking CMEs with Polarization (poster)

• Don Schmit (NOAA NCEI): NOAA’s QuickPUNCH Project (talk)

Summary



Polarimeter to Unify the Corona and Heliosphere

We want to work with you!

Get in touch!
Data & Pipeline:

daniel.seaton@swri.org

Modeling, Polarization, SpWx Applications: 
matthew.west@swri.org


