NIRCam Grism:
Basics & Reduction Demo
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NIRCam Optical Design

Pick-off Mirror assembly

Coronagraph

First Fold Mirror

Collimator lens group

Dichroic Beamsplitter

Longwave Filter Wheel Assembly

Longwave Camera lens group

Longwave Focal Plane

Shortwave Filter Wheel Assembly

Shortwave Camera lens group
Shortwave Fold Mirror

7 Pupil Imaging Lens

Shortwave Focal Plane
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Technical Goal: 2 modules x 2 x 2 arcmin2, Nyquist sampling at 2 & 4um

Rieke et al. (2023)



NIRCam Grism Spectroscopy:

hS

- . - Direct Image.
~ ({PUPIL=CLEAR!

Row Grism Image

PUPIL=GRISMR

FoV:

2x2 arcmin? X2 modules

Wavelength Range:
2.4-5.0 um

Resolution ~ 1600

Dispersion ~1 nm/pix

Row/Column Direction:
Grism R/C

No 0Ot order!

No 2nd order at >3um

Simultaneous SW (0.6-
2.4um) direct imaging

More Info on JDox:

https://jwst-docs.stsci.edu/jwst-near-infrared-camera/nircam-observing-modes/nircam-wide-field-slitless-spectroscopy
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Longer Wavelength
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F322W2 modA (R) — —_— F444W modA (C)
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Wave-Cal field (post-AGB star in LMC) Flux-Cal field (G2V star, P330-E)
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Wavelength Calibration:

Commissioning calibration with
post-AGB star in LMC;

1nm absolute uncertainty
(Av~75 km/s);

might be limited by astrometry,
source size, distortion, etc.

(4423.3, 3972.4)
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F322W2 F322W2
F277W F444W F277W F444W
e e | et | Flux Calibration:
* Cycle-1 calibration with A/ G / White-dwarf;
|moa-a / y * 1-2% absolute uncertainty;
| .|| Throughput are 20-40% higher than pre-
r | launch prediction.
25 3.0 35 4.0 4.5 51(; 25 3.0 35 4.0 4.5 50
Wavelength [pm] Wavelength [pm]
IRAS 05248-7007 F322W2=15.46
L . = e ————————

(81.08647, -70.08378)
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Spectral Tracing: Predict spectral pixel (x,, ys) with an RMS accuracy of ~0.1 pixel (6mas)
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Curvature exaggerated by 50 times
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X [pixel] Dispersion-Direction dxg [pixel]

Spectra are curved (exaggerated) dys=(ys—y0) is a function of dxs, x0, y0



Spectral Tracing: Curvature of traces, visualized by dy, at dx,=0 (undeflected wavelength)
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Spectral Tracing: small residuals of spectral tracing (0.05-0.10 pixel, 3-6 mas).

Perpendicular Residual [pixel]
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Codes & Demos with FRESCO (GO-1895; PI: Oesch) are publicly available:
https://github.com/fengwusun/nircam_grism

Q fengwusun Add files via upload

O 0ODD DD B

data

media

LICENSE

NIRCam_grism_extraction_code_ex...

README.md

download_fresco_direct_imaging_...

download_fresco_grism_F444W_O...

README.md

nircam_grism ¢

JWST NIRCam/WFSS Grism codes and data produced by Fengwu Sun et al.

Add files via upload

Add files via upload

Initial commit

Add files via upload

Update README.md

v2 version (using FRESCO data as demo)

v2 version (using FRESCO data as demo)

7941e7a on Jul 31 O 11 commits

3 months ago
3 months ago
last year
3 months ago
last year
3 months ago

3 months ago

7

If you have any question, please do not hesitate to contact me via my email: fengwusun[f£]arizona.edu

If you find my workflow, codes and/or data products helpful, it would be great if you could acknowledge it in your
research. | am working on a document of NIRCam/WFSS which should be part of my PhD thesis, but if you cannot
wait to cite my thesis until May/June 2023, maybe you can cite our latest grism paper at:
https://ui.adsabs.harvard.edu/abs/2022arXiv220903374S/abstract

JWST NIRCam/WFSS Grism codes and
data produced by Fengwu Sun et al.

Readme
Apache-2.0 license
Activity

2 stars

1 watching

< O % ¢ 3 8

0 forks

Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package

Languages

. |
® Jupyter Notebook 96.7% Shell 3.3%


https://github.com/fengwusun/nircam_grism

Input Data

Flow chart of JWST/NIRCam grism data analysis

Detector-level
reduction

Direct Imaging Data

(LW)

*_rate.fits

Direct Imaging Data

(SW)

*_rate.fits

Grism Data
(LW Grism)

*_rate.fits

Data Products

Source i Extracted Source
Calibration Mosaicking|  Extraction Catalog (RA, Dec)
JWST STAGE2 JWST STAGE3 Other Input
Reduction [—| Reduction [e— Astrometric
Pipeline Pipeline _—1 Catalog
* cal.fits * i2d.fits 219 (RA, Dec)
o0
JWST STAGE2 Astrometric o =
Reduction [—> Offset of -—
Pipeline Each Exposure
* cal.fits WCS POM-applied
information fCatanIg f(x, y) [
or each frame
Flat-Field + Extracted 2D oredict
Background p——| Spectra from |« (Gx dy)
Subtraction Each Frame f In-flight Grism
* rate lvl.5.fits 1 Configuration:
; « Spectral Tracing
Cg::i?)lrr::d& L flux + Dispersion
2D Spectra <alibration * Flux Calibration
1







jw01895001004_02101 00003 _nrcalong_rate (F444W - A - GRISMR)

Example from
GO-1895 (FRESCO)

(Not applied for GRISMR)




‘ ” BG + 1/f noise v SCl image

e

Median filtering

CONT image

EMLINE image

Stacking

Coadded EMLINE image (S

w

raster line 2d spectra

Median Filtering technique
presented by Kashino et al. (2023)

1.0+ Lﬁ ——— Median-filter kernel

0.5

0.0 ‘

EMLINE
v —— SCI (EMLINE+CONT)
% 0.04} —— CONT (Filtered)
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1800 1850 1900 1950 2000 2050 2100 2150 2200
x-pixel

My advice:
DO NOT coadd EMLINE images

tracing function is dependent on (x0, y0),

co-adding could introduce astrometric
error.



Example from GO-1895 (FRESCO)




Input Data

Flow chart of JWST/NIRCam grism data analysis

Detector-level
reduction

Direct Imaging Data
(LW)

*_rate.fits

Direct Imaging Data

(SW)

*_rate.fits

Grism Data
(LW Grism)

*_rate.fits

Source
Calibration Mosaicking|  Extraction
JWST STAGE2 JWST STAGE3
Reduction [—| Reduction [e—
Pipeline Pipeline
* cal.fits * i2d.fits % g
JWST STAGE2 Astrometric
Reduction Offset of -
Pipeline Each Exposure 0.41
* cal.fits 0.3
| infol 0.2
Flat-Field + Extracted2D ||y °*
Background [—> Spectrafrom 49 0.0
Subtraction Each Frame —-0.1
* rate lvl.5.fits 1 —0.2
-0.3
Combined & -0.4
Calibrated 05
2D Spectra 1

Data Products

< Catalog (RA, Dec)

Extracted Source

Other Input

Astrometric
Catalog
(RA, Dec)

jw01895001008 _03103_00004_nrch

RA image - RA ref = 0.022"+0.001"

| Astrometry cof'rrection:
|should be as good as ~0.1
|pixel (3-6 mas)

DEC_image - DEC_ref = -0.026"+0.001"
—04 -02 00 02 0.4
ARA




Not all galaxies enter the pick-off mirror can yield grism spectra on the detector!
(F444W grism R for example)

mod A mod B
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GOODS-S FRESCO Example

DEC [deg]
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Example GOODS-S FRESCO Grism Spectra

FA44W mag=25.98
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