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Why slitless spectroscopy”?

- Wide-field slitless surveys at z=1-2:
- Large, uniform, ~unbiased samples
- Spatially-resolved line diagnostics @ HST resolution
- A z/(1+z) ~ 0.003: large scale structure & stacking

- Spectroscopic constraints at cosmic dawn

- Promising future prospects
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GOODS-S catalog, photometric redshifts, F140W
< 24.

N ~ 5,000 objects

Skelton et al., 2014 Redshift




GOODS-S catalog, grism+photometry redshifts,
F140W < 24.

N ~ 5,000 objects

Momcheva et al., 2015 Redshift




GOODS-S catalog, grism+photometry redshifts,
F140W < 24.

N ~ 5,000 objects
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Momcheva et al., 2015 Redshift




140,000

Y]
e

N X 1000 (<Z, Hieo < 24)

1 10

Arest/ Hum

Automated extraction enables
robust quantitative measurements
for 10s of thousands of galaxies Momcheva+2015
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CANDELS+3D-HST:
High-z SDSS

- >200,000 catalog entries

- 147 different bands, including
avallable medium and narrow bands

- few % phot_z’s

- EAZY photometric z's

- FAST SFR, M*, sSFR, Ay, tau, age

- Morphological parameters

+ Rest-frame colors Skelton et al., 2014

-+ Grism spectra for ~20,000 objects to
F140W<24. (~10175 to F140W<26.)

- Grism + photometry redshifts, dz/
(1+2) ~0.003

- Emission line fluxes, EQW Momcheva et al., 2015

http://3dhst.astro.yale.edu
https://archive.stsci.edu/prepds/3d-hst/
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The Bimodality of Galaxy

Populations
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Where do stars form?

Lookback time (Gyr) 10
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0.7<z<1.5: ~33% of all
cosmic star formation

Nelson et al. (2012)
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Where do stars form?

Nelson et al., 2015
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Nelson et al., 2015

Where do stars form?

- Look at stacks on, above and below
the star-forming sequence

Log(SFR)[M_/yr]

Elevated (suppressed) at all radii above
(below) the SF sequence
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Nelson et al., 2015
Where do stars form?

L ook at stacks on, above and below
the star-forming sequence

Log(SFR)[M_/yr]

Elevated (suppressed) at all radii above
(below) the SF sequence
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Nelson et al., 2015

Where do stars form?
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F, (arbitrary units)

(Aside: Balmer Decrements)
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Where do stars form?

Nelson+2016
9.0<log(M)<9.2 9.2<log(M)<9.8 9.8<log(M)<11.0




Where do stars form? Nelson+2016
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Where do stars form? Nelson+2016
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Now see more of an enhancement in (massive) galaxy centers:
building bulges with in-situ star formation?



—xtended Low lonization Emission-Line Regions at z~0.9

- Spatially-resolved emission line diagnostics

- First evidence of LIERs at high z
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Hviding et al., in prep.
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Cosmic Dawn

o Place constraints on emission line strength for GOODS-N z~10 candidates (Oesch+2014, 2016)

optlcal F105W F125W F14OW F160W K [3.6] [4.5]

GNDJ-625464314

GNDJ-722744224

GNDJ-652258424 GNDJ-652258424 (simulated)
‘ » L]

1.1 1.2 1.3 1.4 1.5 1.6
1.1 1.2 1.3 14 1.5 1.6
Wavelength um Wavelength um



Cosmic Dawn

* Deep grism spectra of the z=12 candidate UDF|-39546284
revealed a faint emission line that could explain all of its broad-
band flux in H1eo -> more likely z=2.2 (Brammer+2013)
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Cosmic Dawn

o Place constraints on emission line strength for GOODS-N z~10 candidates (Oesch+2014, 2016)

Lya Redshift
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cCosmic

Dawn

Ly Redshift
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e (Maximally old BCO3 model
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Area / IR pointings ( > t)

New capabilities with slitless spectroscopy: archival work

10

] ' N S '
\ | = AlG141 :
l : \ : WISPS, G141 :
\: : G141, with G102 [

s 3D-HST

|=1

t, orbits (Exp Time / 2800 s)

10.1

[ERY
-
e

103

Area / deg?

4Ax G141 area
Joint G102+G141

Deep pointings at
multiple angles

Heterogeneous
supporting data (but
always WFC3 imaging)

Standardized analysis

Cycle 24 Legacy
Archival Program
(AR-14553)

Co ve”’
Grizli




New capabilities with slitless spectroscopy: JWST
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New capabillities with slitless spectroscopy: JWST

JWST NIRISS+FGS
Big telescope! 0.065” pixels, ~\WFC3/IR FOV

Two grisms rotated by 90°, R=150 (like WFC3/G141)

Bandpass limiting by crossed filters, 0.9 = 2.2 pym

WFC3/G141 NIRISS, G150C + F115W

:

Simulation by G. Brammer
https://github.€6Mm/gbrammer/grizli/




New capabillities with slitless spectroscopy: JWST

JWST NIRISS+FGS
Big telescope! 0.065” pixels, ~\WFC3/IR FOV

Two grisms rotated by 90°, R=150 (like WFC3/G141)

Bandpass limiting by crossed filters, 0.9 = 2.2 pym

. WFCS/G141 NlR‘SS]’ G150R + F115W
ey
? j1
.
ﬂ ; |
i Simulation by G. Brammer

https://github.com/gbrammer/grizli/




New capabillities with slitless spectroscopy: JWST

JWST NIRISS+FGS
Big telescope! 0.065” pixels, ~\WFC3/IR FOV

Two grisms rotated by 90°, R=150 (like WFC3/G141)

Bandpass limiting by crossed filters, 0.9 = 2.2 pym

WFC3/G141 NIRISS, G150R + F150W
o A
o _
— -

Simulation by G. Brammer

https://github. Coanmen‘gﬂzlﬂ“




New capabillities with slitless spectroscopy: JWST

JWST NIRISS+FGS
Big telescope! 0.065” pixels, ~\WFC3/IR FOV

Two grisms rotated by 90°, R=150 (like WFC3/G141)

Bandpass limiting by crossed filters, 0.9 = 2.2 pym

WFC3/G141 NIRISS, G150R + F200W
e L —
. . PR,
; —
-
— ‘

Simulation by G. Brémmer
*https://github.com/gbramimer/grizli/




New capabilities with slitless spectroscopy: JWST
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New capabilities with slitless spectroscopy: JWST

JWST NIRCAM Long Wave
Big telescope! 0.065” pixels, 2 detectors, FOV~4.4" x 2.2’
Two grisms rotated by 90°, R=1500!

Bandpass limiting by crossed filters, 2.4 - 5.0 ym

NIRCam F356W NIRCam F444W

| | | | 1 | | L Simulation by G. Brammer

https: //g|thub com/gbrammer/grizli/



New capabillities with slitless spectroscopy: JWST

JWST NIRCAM Long Wave
Big telescope! 0.065” pixels, 2 detectors, FOV~4.4’ x 2.2’

Two grisms rotated by 90°, R=1500!

Bandpass limiting by crossed filters, 2.4 - 5.0 pym

Smit+2015

=i AB 26.3, EW,, (o=1400A, 2=7.7 . GND-7035815571

1 hr, NIRCam + F430M
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New capabillities with slitless spectroscopy: WFIRST

- WFIRST GRS grism

- 0.28 deg? at a shot, 2400 deg?
survey

High Latitude Survey (z for BAO, RSD, public

- 2.4m telescope (=HST)
- 1.3-1.9um, R =4 x G141 (e.qg., just resolves Ha, [NII]

WFC3/G141 WFIRST GRS gris

e . —_
. ’ : 3
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-IRST0.28 deg? / pointing, 2400 deg? total

B (from prev.)

7. AEGIS

s R OAEGIS-20-Glal /7,




New capabilities with slitless spectroscopy
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Conclusions

o Slitless grism surveys offer
highly complete spectroscopic
resource for galaxy evolution
studies

o Slitless nature of the spectra
presents data analysis
challenges, but with significant
benefits (e.g., continuum
depth, completeness, spatial
resolution)

 Lessons, science, and targets
from current HST grism
programs will help pave the
way for upcoming space i g
missions (JWST, EUCLID, -
WEFIRST) : "

e —



