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PUNCH observes

continuously at 4-min.
cadence

NFIl covers 5.4-32 Rp

WFI covers 20-180 Rg,
3 separate segments

PUNCH produces 3 tull
mosaics per orbit, from 6-
180 Rg
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Level 1 images are photometrically calibrated, precisely aligned images with instrumental artifacts corrected. To demonstrate PUNCH data reduction, we degraded and then processed data from STEREO/HI1 to show the PUNCH L1 processing.
For clarity, all visual effects are 10-40x stronger here than in actual PUNCH images. These processing steps are the same for both WFI and NFI.
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The L1 to L2 stage maps polarization to M,Z,P triplet polarizer brightnesses, then generates full PUNCH mosaics. Clear exposures (not shown) skip the (M,Z,P) step. The L2 to L3 stage removes background F corona (fixed in heliospheric coordinates) and
starfield (fixed in celestial coordinates), then generates B and pB products. Nearly all frames have no contamination.
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Levels 2 & 3

Resolve polarization using filter ratios Identify contaminated regions Resample to nominal coords Subtract F model Subtract stellar model Remix polarization
C. Level 3 Data Products PUNCH Data Products are polarized and clear photometric images suitable for analysis in common existing scientific environments D. End-To-End Data Flow

and with PUNCH-specific tools distributed by the project. Primary science products are shown.
Data Product 4 Dumps CSDS ata SDAC

Channels products

Wind speed plot

Polarized Images: PUNCH data are downlinked
M (-60°) and transferred to the MOC,
reduced (Panels A-C) at the
—— Z(0%) SOC, then mirrored to SDAC Code/Tool/Doc PUNCH Science Team
——— P (+60°) for archiving & dissemination. Repository Science Community

SOC software written in Python | (main at SwRI; :
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Extracted wind speed B/pBiclear mosaics every B/pB/clear NFI full-resolution B/pBiclear low-noise mosaics B/pBiclear low-noise NFI images SOC pipeline workflow orchestrated by Prefect. ﬁ CT
product (4k x 4k) 4 minutes (4k x 4k) images every 4 minutes (2k x 2Kk) every 32 minutes (4k x 4K) every 24 minutes (2k x 2Kk) Data & metadata flow managed with NDCube. " PREFE

Original figures and layout from PUNCH CSR
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*- Science Data Pipeline and ]

For effectlve data analys:s by the PUNCH team and the broader community, PUNCH produces (A-C) and di:

A. Level 0 — Level 1 Pipeline Level 1 images are photometrically calibrated, precisely aligned images with instrumental artifacts corrected. To demonstrate |

For clarity, all visual effects are 10-40x stronger here than in actual PUNCH images. These processing steps are the same for
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B. Level 1 — Level 3 Pipeline The L1 to L2 stage maps polarization to M,Z,P triplet polarizer brightnesses, then generates full PUNCH mosaics. Clear expo:
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Pipeline and Products

fy, PUNCH produces (A-C) and disseminates (D) calibrated, simple-to-use data products and analysis tools.

jes with instrumental artifacts corrected. To demonstrate PUNCH data reduction, we degraded and then processed data from STEREO/HI1 to show the PUNCH L1 processing.
'UNCH images. These processing steps are the same for both WFI and NFI.
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nesses, then generates full PUNCH mosaics. Clear exposures (not shown) skip the (M,Z,P) step. The L2 to L3 stage removes background F corona (fixed in heliospheric coordinates) and
ducts. Nearly all frames have no contamination.
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'mage alignment via thuban

» Requirement of 0.1 pixel pointing

* RMS error on synthetic data: 0.0167 pixels

x distortion y distortion
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Remove CCD artifacts (using nonlinear flat-field) Remove cosmic ray spikes Remove streaking from shutterless readout Remove stray |
B. Level 1 — Level 3 Pipeline The L1 to L2 stage maps polarization to M,Z,P triplet polarizer brightnesses, then generates full PUNCH mosaics. Clear e

starfield (fixed in celestial coordinates), then generates B and pB products. Nearly all frames have no contamination.
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C. Level 3 Data Products PUNCH Data Products are polarized and clear photometric images suitable for analysis in common existing scientific envi
and with PUNCH-specific tools distributed by the project. Primary science products are shown.
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Polarization resolution via solpo
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solpolpy converts from arbitrary polarization measurements to common bases.



I XN

’ f’-"'{ | " ,' ‘.

- . -

 Polarization resolution via solpolpy
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Bngl

ng from shutterless readout Remove stray light Correct PSF ( sub|mage ethod) Confirm pomtlng & projection via starfield

tnesses, then generates full PUNCH mosaics. Clear exposures (not shown) skip the (M,Z,P) step. The L2 to L3 stage removes background F corona (fixed in heliospheric coordinates) and
oducts. Nearly all frames have no contamination.
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* & Starfield removal via remove_starfield

Uses Sam
Van Kooten'’s
star removal

package
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Original figures and layout from PUNCH CSR

Level 1 images are photometrically calibrated, precisely aligned images with instrumental artifacts corrected. To demonstrate PUNCH data reduction, we degraded and then processed data from STEREO/HI1 to show the PUNCH L1 processing.
For clarity, all visual effects are 10-40x stronger here than in actual PUNCH images. These processing steps are the same for both WFI and NFI.
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The L1 to L2 stage maps polarization to M,Z,P triplet polarizer brightnesses, then generates full PUNCH mosaics. Clear exposures (not shown) skip the (M,Z,P) step. The L2 to L3 stage removes background F corona (fixed in heliospheric coordinates) and
starfield (fixed in celestial coordinates), then generates B and pB products. Nearly all frames have no contamination.
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D. End-To-End Data Flow

Data Product y Dumps CSDS ata SDAC

Channels products

Identify contaminated regions Subtract F model Subtract stellar model

PUNCH Data Products are polarized and clear photometric images suitable for analysis in common existing scientific environments
and with PUNCH-specific tools distributed by the project. Primary science products are shown.

Resample to nominal coords

Polarized Images: PUNCH data are downlinked
M (-60°) and transferred to the MOC,
reduced (Panels A-C) at the
— Z(0%) SOC, then mirrored to SDAC | Code/Tool/Doc
——— P (+60°) for archiving & dissemination. Repository
SOC software written in Python | (main at SwRI; :
B and publicly accessible via mirror at SDAC) General Public

pB SunPy/Github.

Clear SOC pipeline workflow orchestrated by Prefect. ﬁ
Data & metadata flow managed with NDCube. " PREFECT
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PUNCH Science Team
Science Community

B/pB/clear low-noise NFl images
every 24 minutes (2k x 2k)

B/pB/clear low-noise mosaics
every 32 minutes (4k x 4k)

B/pB/clear NFI full-resolution
images every 4 minutes (2k x 2k)
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system around the clock. Invite someone

Synthetic data is now available at https://data.boulder.swri.edu/mhughes/punch5_synthetic_data/

PUNCH is a NASA Small Explorer (SMEX) mission to better understand how the mass and energy of the Sun'’s corona become the
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GAMERA Model-derived Data
Products are now available

» Get FITS files here:
https://tinyurl.com/punch-data
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Nextup ~

* Develop more and better synthetic data via simpunch
» Deploy server and test product-archive interfaces

» Finish starfield removal

» Complete uncertainty quantification and propagation

* Incorporate tlow tracking algorithm and develop flow tracking data
products

» Complete development of QuickPUNCH products

» Begin SunPy affiliation process
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» Data pipeline is nearly complete
» End-to-end testing planned
« Synthetic Data Available Now: https://tinyurl.com/punch5data

Other SOC-related presentations:
* Chris Lowder: Working with PUNCH Data: A How-To Guide
» Dan Seaton: QuickPUNCH Data for Space Weather Operations



Polarimeter to Unify the Corona and Heliosphere

We want to work with you!

Get in touch!

github.com/punch-mission

SCAN ME punch_soc@swri.org
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