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JWST Wide-Field Slitless Spectroscopy Modes

NIRCam WFSS

NIRISS WFSS

JWST Wide-Field Slitless Spectroscopy

JWST Wide Field Slitless Spectroscopy - Highlights
• Spectra of all sources in the field of view of the detector.
• For an extragalactic blank field, there are ~ 3000 faint galaxies with < 28 AB magnitude.
• Almost complete spectral coverage from 0.8 – 2.2 microns with NIRISS WFSS, and 2.4 - 5.0
microns with NIRCam WFSS.
• Resolving power is sufficient to measure individual emission-lines fluxes, and diagnostic line
ratios.
• Ideally suited for detection of high redshift galaxies : for example, Ly𝛼𝛼 emission line at z > 5.6
- 17 with NIRISS, and Ly𝛼𝛼 at z > 18 and optical H𝛼𝛼 emission lines at z =2.8 – 6.6 with NIRCam.
• Spatial resolution allows to map emission lines on physical scales of few kpc across redshifits
(z>2).
• Efficient for blind emission-line surveys and detection of continuum breaks in high-z galaxies.
• No slit losses compared to slit spectroscopy.
• Use of cross-dispersed spectra from 2 grisms allows to mitigate contamination due to
spectral overlap.

NIRISS Wide Field Slitless Spectroscopy

NIRISS Wide-Field Slitless Spectroscopy
NIRISS WFSS Mode At a Glance
Detector

Teledyne HAWAII-2RG; HgCdTe with 5.2µm cutoff;
2048 x 2048 pixels

Field of view

2.2’ x 2.2’

Plate scale

0.065 arcsec/pixel

Pupil Wheel

6 filters: F090W, F115W, F140M, F150W, F158M,
F200W

Filter Wheel

GR150R, GR150C

Resolving power

R ~ 150 at 1.4µm

WFSS Wavelength Coverage

0.8 – 2.2 µm

NIRISS WFSS Operations
• The optical elements that enable
NIRISS WFSS mode are the grisms
GR150R and GR150C mounted in
the filter wheel, used in
combination with a blocking filter
from Pupil wheel.
• The NIRISS WFSS sequence is
always executed with direct
images taken using the same
blocking filter as the grism
exposures.
• Unlike in HST grism modes, JWST
grism modes use the blocking
filters which cover small ranges in
wavelength, so the traces have
short lengths. This helps to
mitigate spectral overlaps.

Example HST WFC3 spectrum using G102 and G141

HST WFC3 does not use blocking
filters along with the grisms. The
spectral traces are long covering
many wavelengths. For example,
for G141 the wavelength range is
1.08 – 1.7 microns.
Contamination from spectral trace
overlaps becomes a major issue in
data reduction and analysis.

Example HST WFC3 spectrum using G102 and G141

F090W

F115W

In contrast, NIRISS will use three
filters to cover the wavelength
range 0.8 – 1.7 microns.
F150W

The spectral traces are short. This
allows to get clean spectra for a
large number of sources, with
minimal spectral overlap.

NIRISS WFSS Operations

NIRISS WFSS can be used wih six
blocking filters, 4 broad and 2
medium filters.
The F140M and F158M medium
filters overlap with the wavelengths
in F150W broad band filter.
Medium bands may be preferred to
reduce sky background in the
dispersed images.

NIRISS WFSS – Grisms disperse in orthogonal directions

Direct image

1st order

Combined direct and dispersed image exposures from the
Cryo-Vac ground tests: Direct image in F200, GR150R+F200W,
and GR150C+F200W

Dispersion directions for the GR150R and GR150C as viewed in
the science data (eg; ds9 image viewer).

NIRISS WFSS – Simulated Grism images using 3 blocking filters (F115W,

F150W, F200W)

GR150C

GR150R

NIRISS WFSS – layout of spectral orders

The NIRISS WFSS zero order has significant flux, and also the second order for some blocking filters.

NIRISS WFSS Observing Sequence and Dithers
NIRISS WFSS observing sequence:
direct image

dithered grism images

direct image

• Direct images are always taken as part of the NIRISS WFSS sequence, in the same blocking
filter as used for the grism exposures.
• Sequences may be specified in the APT to use “BOTH” grisms in the sequence, or to use only
one of the two grisms (GR150C or GR150R).
• Always uses “FULL” array for science mode.
NIRISS WFSS dither patterns are specified in the APT using 2 parameters.
• Image dithers: This is the number of dither steps and has options 2, 3, 4, 6, 8, 12, and 16
• Pattern Size: This is the dither step amplitude and has options Small (~ 0.3”), Medium (~ 0.6”),
and Large (~ 1.2”).

NIRISS WFSS Observing Sequence and Dithers

GR150C
GR150C
GR150C
GR150C

direct
direct

NIRISS PSF is undersampled at the WFSS
wavelengths (0.8 – 2.2µm). So, dithering is
necessary for this mode to recover the spatial
sampling.

NIRISS WFSS Observing Sequence and Dithers

GR150C
GR150R
GR150C
GR150R
GR150R
GR150C
GR150R
GR150C

For Grism = BOTH, the APT executes two
WFSS exposure sequences, one sequence
is executed with GR150R followed by the
second with GR150C.
After the first sequence, the mechanism
move is done to switch to the other grism.
The second sequence begins from the
initial pointing or 1st dither position.

direct
direct

NIRISS WFSS Template and coordinated parallels in the APT

NIRISS WFSS template offers MIRI
imaging or NIRCam imaging as
coordinated parallels.
Example in the Figure shows 8
medium dithers used in the
NIRISS GTO program 1208 as
viewed on Aladin in the APT.
The program uses coordinated
parallel template in the APT with
NIRISS WFSS – NIRCam Imaging.
This program does not use
mosaics.

NIRISS WFSS Sensitivity

NIRISS WFSS Science Target Simulations
1. NIRISS WFSS Simulations of a Galaxy Cluster Field:
Direct image F200W

Dispersed image F200W+GR150C

Dispersed image F200W+GR150R

NIRISS WFSS Science Target Simulations
2. Examples of z~ 2.2 galaxies showing multiple emission lines in three blocking filters:

3. NIRISS WFSS simulation of continuum break in z=11.07 galaxy

Left Panel: SED for the spectroscopically-confirmed galaxy at z=11.09. Right
Panel: The HST WFC3 G141 grism spectrum revealing the continuum break at
1.47μm. (From Oesch et al. 2016)

Right Panel: Simulation of the spectroscopically-confirmed (HST WFC3)
z=11 galaxy as would be observed with the NIRISS GTO program
observations. The galaxy is detected in both F150W and F200W at ~ 3σ
per NIRISS spectral bin. (Credits: Gabe Brammer)

NIRCam Wide Field Slitless Spectroscopy

NIRCAM Wide-Field Slitless Spectroscopy
NIRCam WFSS Mode At a Glance
Detector

Teledyne HAWAII-2RG; HgCdTe with 5.2µm cutoff;
2048 x 2048 pixels on each module

Field of view

2.2’ x 2.2’ per detector; effective field of view is
smaller and depends on filter+grism combination
(see JDox article on NIRCam WFSS Field of View)

Plate scale

0.065 arcsec/pixel

Pupil Wheel

GrismR, GrismC

Filter Wheel

F250M, F277W, F300M, F322W2, F335M, F356W,
F360M, F410M, F430M, F444W, F460M, F480M

Resolving power

R ~ 1200 at 2.5µm
R ~ 1600 at 4µm

WFSS Wavelength Coverage

2.4 – 5.0 µm

NIRCam WFSS Operations
The optical elements that enable
NIRCam WFSS mode are the grisms
GrismR and GrismC mounted in the
Pupil wheel, used in combination
with a blocking filter or cross filter
from the Filter wheel.
The NIRCam WFSS is enabled only in
the long wavelength channel, and
offers
slitless
spectroscopy
capabilities beyond the wavelengths
accessible with NIRISS WFSS.
The NIRCam WFSS sequence does
not include the direct images in the
same cross filter by default. It is
adviced to take a direct image in the
same blocking filters for the purpose
of accurate wavelength calibration.

NIRCam WFSS Operations
• NIRCam WFSS uses long wavelength
Wide and Medium band filters,
crossed with the grisms.
• Effective field of view over which full
or partial spectal coverage may be
obtained, depends on the filter+grism
combination.
• Short wavelength imaging will occur
simultaneously with the grism
integrations which typically have long
integrations. Saturation in the SW
imaging can be a concern and can be
mitigated with suitable choice of
filters and exposure parameters.

NIRCAM Wide-Field Slitless Spectroscopy

NIRCam WFSS – Grisms disperse in orthogonal directions

The colored arrows show the direction of increasing wavelength as seen on the science image
(eg; as viewed in ds9). The dispersion directions for the R grism are different on the Modules A
and B.

NIRICam WFSS – layout of spectral orders
The spectral traces are long for the wide filters
and is a concern because of the contamination.
The ability to mitigate contamination is limited
in NIRCam WFSS because of the small effective
FOV overlap for GrismR and GrismC.
Out of field sources will produce dispersed
spectra, and direct images of sources beyond
the FOV is required.

NIRCam WFSS – Effective Field of view is different for different filters
The effective field of view (FOV) varies with the cross
filter in use.

GRISMR
Module A

Module B

Module A

Module B

GRISMC

For a given filter+grism configuration:
• Effective FOV : sources will yield partial or
complete spectra on the detector (hashed
area+shaded area in figure).
• Full spectrum FOV: sources yield complete spectra
on the detector (shaded area in figure).
• Optimal FOV: sources yield complete spectra on
the detector when using either GRISMR or GRISMC
For GrismC, the coronagraphic masks and substrate
can affect the dispersed images when used with filters
at wavelengths shortward of 3.5 microns.
Sources outside the pick off mirror FOV do not yeild
any spectra on the detector, resulting in regions
without any spectra on the detector for some filter +
grism combinations

NIRCam WFSS Observing Sequence and Dithers
NIRCam WFSS observing sequence:
dithered grism images

direct image

• Direct images are taken at the final dither position after the completion of grism exposures.
• Direct images are taken as part of the NIRCam WFSS sequence, but does not have to be in the
same blocking filter as used for the grism exposures. It is adviced to obtain direct images in the
same cross filter used with the grisms.
• Sequences may be specified in the APT to use “BOTH” grisms in the sequence, or to use only
one of the two grisms (GRISMC or GRISMR). NIRCam WFSS spectra are much longer than the
NIRISS WFSS spectra, so spectral overlap is a major concern when using only one grism.
• Always uses “FULL” array for science mode
NIRCam WFSS dither patterns are specified in the APT using 3 parameters.
• Primary Dither Type: Can be used to cover the 4-5” gaps in the SW imaging. Options available are
INTRAMODULE, INTRAMODULEX, INTRAMODULEBOX. Can also choose “NONE”.
• Primary dithers: This is the number of dither steps, with options 3 to 16.
• Subpixel positions: This is the subpixel dither pattern used for better spatial sampling, and has options
4-point, 9-point, or None.

NIRCam APT Templates and coordinated parallels.
NIRCam WFSS template does not
allow coordinated parallels currently.
NIRCam imaging template allows the
use of MIRI imaging, NIRISS imaging,
or NIRISS WFSS as coordinated
parallel.
Example in the Figure shows the 6
Intramodulex dithers used with the
NIRCam imaging template as prime in
the NIRISS GTO program 1208 as
viewed on Aladin in the APT.
The program uses coordinated parallel
option in the APT with NIRCam
Imaging-NIRISS WFSS template.
This program does not use mosaics.

NIRCam WFSS Sensitivity

NIRCam WFSS Science Target Simulations

NIRCam WFSS simulations of the GOODS ERS field, with 2hr exposures for the direct image in F356W and grism
image in F356W+GrismR. The F356W background has been subtracted from the simulated grism image on the right.

NIRCam WFSS Science Target Simulations

Simulated NIRcam WFSS dispersed image of the
GOODS-S ERS field using a single module. The
simulations include the estimated dispersed grism
backgrounds.

Simulated NIRcam WFSS dispersed image of the
GOODS-S ERS field after the backgrounds have
been subtracted.

Useful Resources on WFSS
NIRISS WFSS articles on JDox and links therein:
• NIRISS Wide Field Slitless Spectroscopy
• NIRISS WFSS Recommended Strategies
• NIRISS WFSS Science Use Case
NIRCam WFSS articles on JDox and links therein:
• NIRCam Wide-Field Slitless Spectroscopy
• NIRCam WFSS Recommended Strategies
• NIRCam WFSS Field of View
• NIRCam WFSS Backgrounds
• Example Science Programs
JWST GTO Programs: http://www.stsci.edu/jwst/observing-programs/approved-gto-programs
JWST ERS Programs: http://www.stsci.edu/jwst/observing-programs/approved-ers-programs

Thank you!
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