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?

 Must observationally trace galaxies across the history of 
the universe to understand how they form and change



NIRISS Wide-Field Slitless Spectroscopy
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 NIRISS can do wide-field slitless spectroscopy in FOV 2.2’ x 2.2’

 Two orthogonal R=150 grisms and six blocking filters from 0.9 to 2.2 microns



• Spectra of all objects in the field. In a “blank” field there are ~3000 galaxies at mag < 28.

• Almost complete wavelength coverage from 0.9 to 2.2 microns (NIRCam: WFSS at >2.5micron).   

• At least one strong emission line from z=0 to z=4.9. Lyman alpha if present at 6<z<17.

JWST-STScI-00XXXX 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
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The data were corrected for amplifier bias using reference pixels, and then processed by 
subtracting a ``super’’ dark frame which helped to also remove most of the bad pixels. 
The trace was measured using two methods – (1) a simple centroid measurement using 
the imexam task stepping in box sizes of 5x5 pixels, and (2) using the task apall under the 
spectroscopy reduction package specred in IRAF. The trace was determined using ten 
pixels sampling along the dispersion direction. The measured trace parameters from the 
two methods were found to agree well with each other within the errors. For the purpose 
of this report we only use the parameters measured using the specred/apall task and the 
details are presented in Table 1.  The trace measurement has a starting dispersion line that 
is user-defined in apall and is perpendicular to the dispersion axis. The position along the 
spectrum is then determined using a 1-D centering algorithm. The measurements are 
repeated at other points along the spectrum in steps specified by the user. The step-size 
was chosen to be 10 pixels along the dispersion direction so as to improve the signal-to-
noise for center determination.       
  

                 
 
Fig. 2: The GR150R provides a spectrum of a source dispersed along the rows, while the GR150C 
grism disperses light in the orthogonal direction or along the columns as viewed in DS9.  The above 
image is a combination of the direct image of the source and the two grism exposures without using 
any blocking filter. The source position in the direct image is shown by the blue circle. The zeroth 
order spectra are indicated using the red circles.  The blue arrows are shown as a guide to the 
expected orthogonal dispersion directions for the GR150R/C grisms.  
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• Resolving power of 100 to 200.  

• Spatial resolution of 0.06” ~ 0.5 kpc.

• Cross-dispersed grisms to mitigate contamination.

• Point-and-shoot observing - no target acquisition.

Test data without a filter



 Using threedhst to simulate NIRISS WFSS observations of Frontier Fields lensing cluster.

Based on HST ACS and WFC3-IR imaging. Realistic galaxy spectra including emission lines.

NIRISS Simulations
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F200W + CLEAR F200W + GR150R



 Zoom-in to 1% of the field shows many faint galaxies with emission lines 

NIRISS Simulations
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F150W + CLEAR F150W + GR150C



 Zoom-in to 1% of the field shows many faint galaxies with emission lines 

NIRISS Simulations
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F115W, F150W, F200W + GR150C

 z=1.745

 z=1.331 

 z=8.132
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NIRISS Simulations
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NIRISS Simulations
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The Hubble Experience

Surveys with WFC3-IR on HST have highlighted capabilities of 
space-based near-IR grisms:  WISP, 3D-HST, FIGS, GLASS, … 

3D-HST, Momcheva+15
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The Hubble Experience

High sensitivity. 
Continuous wavelength range (no atmospheric emission or absorption). 

FIGS, Pirzkal+14
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Grism redshifts accurate to ~0.003×(1+z) ➤ Environment
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3D-HST, Momcheva+15

UDS field

The Hubble Experience



Subtract stellar continuum model gives emission line maps

3D-HST, Nelson+15
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The Hubble Experience

continuum

H alpha



Trace spatially-resolved star formation
Evidence for inside-out star formation  
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The Hubble Experience

3D-HST, Nelson+15



Use gravitational lensing to determine spatially-resolved 
metallicity distribution in low-mass dwarf galaxies

GLASS, Jones+15
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The Hubble Experience



NIRISS wide-field slitless spectroscopy promises to be a powerful capability 
for very high multiplex factor spectroscopy of faint galaxies.

Key observational advantages over Hubble WFC3:

• Larger collecting area
• More stable background
• Higher spatial resolution
• Longer wavelength range
• Two orthogonal grisms
• More pixels, blocking filters ➤ lower contamination

Enables studies of:

• Large samples of low mass galaxies at the galaxy assembly epoch
• Resolved properties of high-z dwarf galaxies with gravitational lensing
• Lyman alpha, CIII] and UV continuum at the reionization epoch
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Conclusions


