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1. The Evolution of Dwarf Galaxies 

Measure the physical properties of thousands of 
low-mass (<109 M☉) galaxies from z=1 to z=5 to 
understand their cosmic evolution.

Properties to be determined sample key 
components (stars, ionized gas, dust):

• redshift
• stellar mass
• star formation rate
• dust extinction
• metallicity

Compare with simulations to determine the underlying 
physics. In the stellar and DM halo mass regime where 
stellar feedback causes low star formation efficiency.
 

JWST Proposal Planning Workshop, 15 May 2017

Science Goals (1)

Genel+14
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Science Goals (1)

(Photometric) Physical Properties of Galaxies in one NIRISS-sized Lensing Cluster Field

Metallicity redshift ranges z>1 dwarf galaxies (mass < 109)
Targeting lensing clusters 
provides low mass galaxies 
at all redshifts Castellano+16



1. The Evolution of Dwarf Galaxies 

Galaxy metallicities/abundances a critical 
parameter that describes their prior 
evolution including chemical enrichment 
types (stellar mass loss, core-collapse and 
type 1a SNe), inflows and outflows.

At low masses there is very little previous 
information. Our project will expand by a 
factor of >>10 the number of z>1 dwarfs 
with metallicities, many spatially-resolved.

JWST Proposal Planning Workshop, 15 May 2017

Science Goals (1)

Wang+16



1. The Evolution of Dwarf Galaxies 

Spatially-resolved information for many hundreds 
of z>1 galaxies, some at 50-100 pc scale when 
gravitationally lensed.

Resolved properties will show how galaxies were 
assembled, when and where their star formation 
took place and investigate stellar feedback.

NIRISS is the only instrument on JWST that can 
do this for such a large sample of galaxies.

Low mass bursty dwarfs expected to show 
stochastic behaviour due to finite number of 
massive stars. Can probe by ratio of Balmer line to 
UV continuum emission.
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Science Goals (1)

Jones+15



With NIRISS WFSS at <2.5 
microns and NIRCam 
Medium bands at >2.5 

microns can select these 
EELGs at 1<z<8.

How do the galaxy 
properties evolve? 

How do they relate to 
local “green peas”?

Science Goals (1)

1. The Evolution of Dwarf Galaxies - Extreme Emission Line Galaxies 

 

P. Oesch

JWST Proposal Planning Workshop, 15 May 2017
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2. Galaxies in the Reionization Epoch 

 

Science Goals (2)

With NIRISS we will take spectra of ~200 
galaxies at z>7, selected via broad-band 
dropouts, spectral breaks and Lyα emission 
lines.

Will use this sample to calibrate photo-zs, 
study rest-frame UV slope (IMF, dust), Lyα 
extent compared to stars, IGM Lyα 
absorption evolution and patchiness of 
reionization.

Choudhury+15



3. Massive Lensing Clusters and Strong Lensing

JWST Proposal Planning Workshop, 15 May 2017

Science Goals (3)

These clusters are the highest density peaks 
in the cosmic matter distribution where 
spectacular galaxy transformations occur. 

Will study intracluster light, globular 
clusters, star formation in low mass galaxies 
to infer details of these transformations.

Our combined dataset covers beyond the 
cluster virial radius to study galaxies in the 
cluster core and infall/filament regions.

With strong lensing will determine accurate 
description of mass distribution and dark 
matter substructure.



NIRISS

JWST Proposal Planning Workshop, 15 May 2017

ISIM CV3 
NIRISS test 
data of both 
grisms and 
direct image 
overlaid 

NIRISS images a 2.2’x2.2’ field with a single 
H2RG 2048x2048 pixel detector. 

Selection of pupil wheel and filter wheel 
elements determines the observing mode:

Wide-Field Slitless Spectroscopy (WFSS)
Single Object Slitless Spectroscopy (SOSS)
Aperture Masking Interferometry (AMI)
Imaging

For WFSS choice of six blocking filters that 
limit wavelength range.

GR150R and GR150C orthogonal grisms to 
mitigate contamination.

Direct image required for object position/
wavelength solution and contamination 
modelling.



NIRISS Operations

JWST Proposal Planning Workshop, 15 May 2017

The NIRISS pixel size of 0.065 arcsec per pixel does 
not fully sample the JWST short-wave PSF.

Dithering to recover spatial sampling, plus mitigate 
effects of bad pixels and flat-field errors is 
mandatory for the WFSS,  AMI and Imaging modes.

WFSS grism and direct imaging dither sequences 
use N+0.5 pixel offsets to put objects on different 
pixels and perform half-pixel sub-sampling.

Dither sequence grism and direct 
reconstructed images will have 
4080x4080 pixels with pixel scale 
0.0325 arcsec per pixel.

Filled symbols 
show locations 
with direct images 
as well as grism.
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4

Drizzled Result

Dither sequences
can include one 
or both grisms.



NIRISS WFSS Data

JWST Proposal Planning Workshop, 15 May 2017

MACS-1149

F814W F105W F160W

G141
15 orbits

Model residuals
SN Refsdal

 (z =1.49; Kelly+2015)
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One of the most exciting uses of NIRISS WFSS 
is to map emission lines. 

Requires modelling and subtraction of source 
continuum.

Modelling of all sources in the field is best, 
especially in crowded fields.

JWST pipeline + analysis software (e.g. the grizli package of Gabe Brammer) are available to help.



CANUCS Observing Plan

The survey emphasizes two unique features of WFSS with NIRISS: 

• Very high multiplex factor: The NIRISS detector has space for 5000 WFSS spectra if 
optimally packed, assuming the typical object spans 8 pixels in the spatial direction (0.5”) and 
100 pixels in the dispersion direction. Therefore a deep survey in a relatively crowded field has 
very high efficiency for getting > 1000 spectra at once. 

• Spatially-resolved emission lines: Modelling and subtracting the continuum spectrum leaves a 
map of the emission lines. We will use stellar continuum and emission line maps to study the 
distribution of stars, metals, dust, star formation and AGN activity in galaxies. By utilizing 
gravitational lensing we probe lower luminosity galaxies and smaller spatial scales than in the 
field. 

JWST Proposal Planning Workshop, 15 May 2017
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CANUCS Observing Plan

JWST Proposal Planning Workshop, 15 May 2017

Field Layouts

NIRSpec MOS observations not in 
the APT file for this workshop.



CANUCS Targets

JWST Proposal Planning Workshop, 15 May 2017

The plan is to observe five strong-lensing galaxy cluster fields at 0.37<z<0.55. 

Five clusters required for large sample of distant galaxies: 
~3000 at z>1
~1500 with metallicities
~100 with spatially-resolved metallicities
~200 at z>7
and to mitigate effects of cosmic variance in lensing cluster fields….

The NIRISS grism integration time of 6.3 hours per filter will produce unrivalled deep slitless 
spectroscopy more than an order of magnitude deeper than previous studies with Hubble at 
much higher spatial resolution and wider wavelength range.

  DM density                    Gas density                   Gas temp                Gas metallicity   
Illustris, Vogelsberger+14



CANUCS Targets

JWST Proposal Planning Workshop, 15 May 2017

Cluster
Selection 
Criteria

NIRISS+NIRCam       NIRSpec



CANUCS Targets

JWST Proposal Planning Workshop, 15 May 2017

In some cases had to put ORIENT 
restrictions in APT to avoid very bright 
stars in NIRISS and/or NIRCam fields….

ISIM CV3 NIRISS test data to simulate bright stars in 6 hrs

F200W 
+ GR150

K=7

K=9



NIRISS WFSS Observing Plan

JWST Proposal Planning Workshop, 15 May 2017

Largest component of our project is NIRISS WFSS 
for thousands of simultaneous galaxy spectra.

Total integration times per filter per grism of 3.2 
hours (8 exposures of 1417s each).

Direct image per 
filter integration time 
=0.6 hours (~10%). 

S/N ~10 at AB=28.0 
for a point source.

Emission line source with 3.5E-18 
erg/s/cm2 detected with peak S/N ~3. 

Reaches S/N ~3 per pixel continuum 
at AB=26.0 for a point source.

Use three filters to get good emission line vs 
wavelength coverage: F115W, F150W, F200W



NIRCam Imaging Observing Plan

NIRCam direct imaging in eight filters (1.8 hrs exposure): 
• SW: F090W, F115W, F150W, F200W
• LW: F277W, F356W, F410M, F444W 
to create galaxy SEDs to determine stellar mass, Star 
formation history, etc. 

For brighter, larger sources will fit SED by pixel or galaxy 
region.

Slightly larger field with dithers (~10 arcsec border) 
important for NIRISS WFSS contamination by sources 
outside field-of-view.

JWST Proposal Planning Workshop, 15 May 2017

3D-HST, Brammer+12



Parallel Observations

NIRCam Parallels 

12 filters between 1 to 5 microns with ~ 3hrs 
exposure each.

Magnitude limits (10σ, point source) of 28 to 
29 in the Wide filters and 27 to 28 in the  
Medium filters. 

Science aims:

• Galaxy morphologies at 3 to 8 arcmin (1.0 to 
2.5 Mpc) from the cores to infall regions of 
massive strong-lensing clusters. 

• EELGs - evolution at 3<z<8

JWST Proposal Planning Workshop, 15 May 2017

NIRISS Parallels 

WFSS in the F115W filter (both grisms) and 
F150W, F200W (one grism) for 1.5 hrs each.  

z>7 galaxies are rare, so their numbers in the 
lensing cluster fields will be limited.

Science aims:

• Greater volume in parallel fields because low 
magnification, so more higher luminosity 
galaxies.
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Backup Slides
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Simulations

We have carried out numerous simulations and studies over the past years determining the 
capability, complexity and efficiency of NIRISS WFSS to guide the survey design.

JWST Proposal Planning Workshop, 15 May 2017
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Tools

Need to build 2D model of target and contaminating objects and fit to data.
Multiple iterations to fit more complex spectra where appropriate.

3D-HST, Momcheva+15

Contamination
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Contamination subtraction can be very effective if done properly.

GLASS (Deep), Brammer
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[OIII] Hα z=1.234

Hα

[OII]

GLASS: 4 orbits

“Refsdal”: 30 orbits

Contamination

Cleaned

Continuum-subtracted

30 orbits4 orbits

Johnson+2014; 13.1

13.2

13.3

z=1.03

z=2.43

Ca H+K

[OII]

Hδ Hγ

z=2.43

μ=1.7

μ=1.6

μ=1.7μ=8.5

μ=11.7

μ=7.7

Tools



Observing Plan

NIRSpec Prime (no parallel) 

NIRSpec MSA observations critical to get redshifts 
for background galaxies that are contaminated or 
wrong redshift range (5 < z < 7.3) for NIRISS.

Will also follow-up interesting galaxies discovered in 
the first epoch NIRISS and NIRCam data.

R=100 prism gets 0.6 to 5 microns for ~150 
galaxies in one shot. 

Two partially overlapping MSA configurations per 
cluster, each with ~1hr exposure. 

JWST Proposal Planning Workshop, 15 May 2017

Early FF data: ~200 images of 73 galaxies. 
Most have no known redshift.

Jauzac+14


