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EXPANDING THE FRONTIERS OF SPACE ASTRONOMY

JWST Pipeline Development

David R. Law JSTUC Meeting
JWST Pipeline Lead May 7, 2026

The JWST pipeline will never automate everything for everybody,
but it should be capable of doing most things for most people.



£ ) Overview of JWST Pipeline Builds

Table 1. Release notes and associated versions for JWST Operations Pipeline releases

A ‘build’ is a released and tagged set of

. . [ , Operations  Science Build Status SDP_VER  Candidate Operations

software |nC|Ud|ng the core Jwst Pipeline Calibration Released Installation
: Pipeline
package and related dependencies. Build el

(iwst)
See JDox for the latest table 13.0 TBD TBD Est. Jul Est. Aug
2026 2026
12.3 2.0.0 Candidate 2026.1.0 2026-04-13 2026-05-26
121 1.20.2 Operations 2025.41 2025-10-20 2025-11-20

> Click here to expand...

Build lifecyle:

* Changing daily, not recommended for non-developers. ‘jwst’ main branch.
 (Candidate

CRDS
context

TBD

1635

1464

* Development finished, working on testing and documentation. Available for interested users.

e QOperational

* Default recommendation for users. Used to produce MAST data products.
e Archived

* Old versions that are no longer current or recommended
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https://jwst-docs.stsci.edu/jwst-science-calibration-pipeline/jwst-operations-pipeline-build-information

\Q Where are we now?

jwst2.0.0 released

p—

We are here

12.3 install 13.2 install

' 13.2 development 13.2 testing '

Jan
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\\Q@ What’'s new in build 12.3?

Since the December 2025 JSTUC meeting, pipeline team has completed the 6-month
build 12.3 and are starting build 13.0. More content than usual given long build.

Key Highlights:

 Three new major observing modes now supported:
 NIRCam DHS (short-wavelength grism time series)
e NIRISS SOSS multistripe (brighter targets via sequential subarrays)
e MIRI WFSS

* Major runtime and rms 1/f noise improvement for NIRISS SOSS
* Developed contamination correction step for WFSS
 NIRSpec picture frame and IFU distortion correction

e Coronagraphic PSF reference library

* Optional correction for NIRSpec/MIRI IFU undersampling artifacts
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% NIRISS SOSS runtime improvements

24 hours ‘ 20 minutes

e SOSS uses a complex spectral extraction algorithm (ATOCA) designed to handle overlapping orders
* Runtime was extremely slow as time-series data often have 100s to 1000s of integrations
* SOSS pipeline demo notebook took about 24 hours to run
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* T. Brandt developed a revised version of ATOCA algorithm that runs much faster (see report)
* E. Molter developed multiple infrastructure and coding improvements
* Combined runtime improvements a factor of 30 or more
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https://ui.adsabs.harvard.edu/abs/2026jwst.rept.9313B/abstract

SOSS observations can be limited by 1/f noise

Aarynn Carter Rachel Cooper

Adapt algorithms used by TSO community to JWST pipeline environment and implement by default
in the clean_flicker_noise step.
Improves RMS noise in transit light curves by a factor of 5-20
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% WFSS contamination correction

* Major progress getting a contamination correction for WFSS implemented with reasonable runtime
* Ongoing improvements to zero-order correction (NIRISS), cutouts, and spectral modeling
* Investigating how best to handle contamination corrections in default pipeline

NIRISS: Before contam. correction NIRISS: After contam. correction

SCOl
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\Q NIRSpec Thermal Picture Frame

* NIRSpec detectors have a thermal transient that
can cause a picture frame effect visible in
extremely deep observations.

e This can be a limiting factor for high-z
observations using the MSA.

* Correction developed by E. Bergeron and M.
Regan (GARDEN science team) and has been
included as an optional step in the build 12.3
pipeline.

Vertical stripes are 1/f noise, horizontal stripes are science+sky
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There is science data in this image!
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e Build 12.3 fixes an error in slit tilt that could produce kinematic artifacts

* Also fixes a global scale and rotation artifact

e Still working to address chromatic term in fore-optics that causes PSF ‘wander’ with wavelength
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\Q Coronagraphic PSF Library

* Not all coronagraphic observations take dedicated PSF observations. [ L
* Even for those that do, better results can come from picking ‘best’ Aarynn Carter

reference from a library of all prior PSF observations.

* Implemented an automated library look-up in the MIRI and NIRCam
pipeline notebooks to make this easy for offline reprocessing.

13h24m375 J 13h24m37s J

36° A 365

pos.eq.ra
pos.eq.ra

35% + 35% 4

—-51°30'20" 10" 00" —-51°30'20" 10" 00"

pos.eq.dec pos.eq.dec

HIP 65426b: Standard MIRI HIP 65426b: PSF library MIRI

10 reference subtraction reference subtraction STSI | Sl e



\Q Resampling artifacts in IFU data cubes
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MIRI and NIRSpec IFUs do not Nyquist sample the PSF, leading to resampling

noise when resampling into data cubes.

Large oscillating features in single-spaxel spectra near unresolved sources.

Generic consequence of sampling theory; information is lost, extract spectra
from apertures comparable to PSF in size to avoid this.

Major annoyance for IFU community and a challenge in data analysis.
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With two assumptions you can overcome this:

1) PSF changes slowly with wavelength

2) PSF has the same RA/DEC at all
wavelengths

 Use the change in sampling with
wavelength that causes the problem to
build a spline model of the profile.

 Use spline model to oversample the data
prior to rearranging into data cubes.

 Corrections for non-conforming cases
including point sources embedded in
extended nebular emission.
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@ Resampling artifacts in IFU data cubes

) /‘_\—\

 Method described by Law & Clarke (2026 AJ, 171, 304)

 Removes vast majority of resampling artifacts, but OFF by default.

* Generic; tested on isolated point sources, AGN, complex molecular spectra,
crowded field Galactic Center with complex nebular emission.

* Runtime 90 seconds per exposure (15 seconds in build 13.0)
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https://ui.adsabs.harvard.edu/abs/2026arXiv260326916L/abstract

\\QQ What else was done in build 12.3?

Code infrastructure improvements and bug fixes:

 Runtime improvements for pixel replace step

* Rewrote snowball/shower flagging code to remove openCV
* Fixed two sources of bad WCS due to telemetry errors

* Generic runtime improvements, reduced memory requirements by up to
60%, improved test infrastructure.

Algorithm improvements:
* Updates to MIRI residual fringe correction, RSCD
* |Improved Gaia WCS alignment in stellar clusters

* TSO segment rebalancing for better outlier detection

14
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\\Q; What else was done in build 12.3?

Calibration improvements:
Enabled automatic 1/f correction for NIRISS Imaging, WFSS, and SOSS data

15

products archived in MAST.
Improved NIRISS SOSS and NIRISS/NIRCam WEFESS spectral trace models
Improved NIRISS WFSS photometric calibration

Improved NIRCam imaging aperture corrections
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% Supporting the user community: Pipeline notebooks
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JWST Pipeline Notebooks

Notebooks all follow a streamlined, end-to-end

workflow

Designed to be easy to adapt for individual
science programs (with demo data to get started).

Commented-out code throughout showing how
to modify key pipeline parameters.

17 observing modes now have notebooks (2 new

since December)
Citable via Zenodo DOI

DOI 10.5281/zenodo.17195968

)iSTSI

Instrument  Observing Mode  JWST Build jwst version Notebook
MIRI Coronagraphy 12:3 2.0.0 JWPipeNB-MIRI-Coron.ipynb
MIRI Imaging 12.3 2.0.0 JWPipeNB-MIRI-imaging.ipynb
MIRI Imaging TSO 12.3 2.0.0 JWPipeNB-MIRI-imaging-TSO.ipynb
MIRI LRS Slit 12.3 2.0.0 JWPipeNB-MIRI-LRS-slit.ipynb
MIRI LRS Slitless 12.3 2.0.0 JWPipeNB-MIRI-LRS-slitless-TSO.ipynb
MIRI MRS 12.3 2.0.0 JWPipeNB-MIRI-MRS.ipynb
NIRCam Coronagraphy 12.3 2.0.0 JWPipeNB-nircam-coronagraphy.ipynb
NIRCam Imaging 12.3 2.0.0 JWPipeNB-nircam-imaging.ipynb

I NIRCam LW Grism TSO 12.3 2.0.0 JWPipeNB-NIRCam-LWGTS.ipynb
NIRISS AMI 12.3 2.0.0 JWPipeNB-niriss-ami.ipynb
NIRISS Imaging 12.3 2.0.0 JWPipeNB-niriss-imaging.ipynb

I NIRISS SOSS 12.3 2.0.0 JWPipeNB-niriss-soss.ipynb I
NIRISS WFSS 12.3 2.0.0 JWPipeNB-niriss-wfss.ipynb
NIRSpec BOTS 12.3 2.0.0 JWPipeNB-NIRSpec-BOTS.ipynb
NIRSpec Fixed Slit 12.3 2.0.0 JWPipeNB-NIRSpec-FS.ipynb
NIRSpec IFU 12.3 2.0.0 JWPipeNB-NIRSpec-IFU.ipynb
NIRSpec MOS 12.3 2.0.0 JWPipeNB-NIRSpec-MOS.ipynb
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\\Q@ State of the pipeline: What are the most common user issues?

User feedback via 1-month/9-month surveys, helpdesk tickets, science collaborators.
(These usually lag pipeline development by 6-12 months.)

Dec 2025:

* |FU undersampling artifacts

* Improvements needed for TSO, WFSS, and NIRSpec/MOS processing
 Removal of 1/f noise requires reprocessing

 WOCS alignment problems

e Bad pixel rejection

e Limitations for MIRI MRS fringe correction

May 2026:
* BFE/charge migration

e Persistence
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\\Q@ What are some issues that we are working on now (build 13.0/13.2)?
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Persistence corrections: saturation artifacts impact future exposures
Further NIRSpec IFU distortion updates

Exploring algorithms for correcting brighter-fatter effect (BFE)
Exploring automatic 1/f correction for NIRCam and NIRSpec

Further improvements to contamination corrections for WFSS

Feedback from the user community is essential!
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\Q Backup slides
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\Q§ JP Coordination Team Workflow

[ SCSB J
[ DMD J
[ JWMO ]
[ Community J
[ INS Team Reps J \ /
(Tickets, surveys, etc)
JP Team

JP team identifies key focus areas

for each build JP team provides interface for

communication between divisions

JWMO/NASA approve focus areas

JWMO NASA

Ad hoc focus group meetings as

JP lead oversees flowdown from necessary.
focus areas to specific tickets and
implementation, adjusts on the fly
as necessary
[ INS Team Reps ][ SCSB J[ DMD ]
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