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_____________________________________ =
Wide-field slitless surveys at z=1-2:
* [arge, uniform, roughly unbiased samples
e Spatially-resolved line diagnostics @ HST resolution oo 5

Accurate redshifts (A z/(1+z) ~ 0.003): large scale
structure & stacking analyses



Near-Infrared Spectroscopic Surveys with the Hubble Space Telescope 3 n

‘,' s I
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ACS specs: WEFC3 specs:

e 2-4 orbit coverage e 2 orbit coverage
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+ 40 A/pix e 46.5 A/pix
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Near-Infrared Spectroscopic Surveys with the Hubble Space Telescope 5 n
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Automated extraction enables robust quantitative
measurements for 10s of thousands of galaxies

Momcheva et al., (2015)
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Highly complete spectroscopic coverage allows
detailed studies of evolving galaxy properties

CANDELS+3D-HST:

 Photometric Catalogs Skelton, Whitaker et al. 2014
e >200,000 catalog entries

e 147 different bands, including available
medium and narrow bands

e few % photometric redshifts

e morphology, rest-frame color, and stellar
population parameters

 Grism Spectroscopy Momcheva, Brammer et al. 2015

e ~20,000 objects to F140W<24 (~10° to
F140W<20)

e Grism+photometry redshifts, dz/(1+z)~0.003

 Emission line fluxes, equivalent widths

http://3dhst.astro.yale.edu
https://archive.stsci.edu/prepds/3d-hst/
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Astrophysics with WFIRST @ 231st AAS Meeting

January 10, 2018


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

11.0

10.5

10.0

0.5 [ &

log M/M;

IIIIIIIIIIIIIIIIIIIIIIIII-I—

'-lii.i.#‘;-if-'ﬁ-l':.!.-‘-ﬂ.f'&é'?‘.%j-l'lrn-_-" '44: - ™ ..Il .4._‘ . ._. 4 .- a5 o
. e - " ) . i i _J ol Lot g i : 3 -_ -FI T

- " mam
e Tl Y, W ' -

T[Oll]  Hy Hp [OI]

g ( CEEEE Bl STy SpU

0.4 0.5 0.6 0.7 0.8

;\vrest / um

Highly complete spectroscopic coverage allows
detailed studies of evolving galaxy properties

CANDELS+3D-HST:

 Photometric Catalogs Skelton, Whitaker et al. 2014
e >200,000 catalog entries

e 147 different bands, including available
medium and narrow bands

e few % photometric redshifts

e morphology, rest-frame color, and stellar
population parameters

 Grism Spectroscopy Momcheva, Brammer et al. 2015

e ~20,000 objects to F140W<24 (~10° to
F140W<20)

All high level science data
products publicly available!

Kate Whitaker

Astrophysics with WFIRST @ 231st AAS Meeting
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Science Highlights
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stellar continuum

Line Morphologies provide spatially resolved information on ~1kpc scales 3 n

c
s 3
# @ ol
G W . .
k= Star-formation activity (>srr(r)) Wuyts et al. 2013, Nelson et al. 2016
. Star-formation history (Hx vs. continuum) Nelson et al. 2013, 2015
Dust extinction Price et al. 2014, Nelson et al. 2016
- _ﬂ . Ages Whitaker et al. 2013, Fumagalli et al. 2016
---._ =
Active Galactic Nuclei Trump et al. 2011, 2014, Bridge et al. 2016
- it Metallicity gradients Jones et al. 2014, Wang et al. 2016 _
A gravitational
. ] > lensing helps!
. Age gradients \Whitaker et al., in prep -
Kate Whitaker Astrophysics with WFIRST @ 231st AAS Meeting January 10, 2018



Hot Maps: Leveraging large sample sizes with stacking

20¢*ST

Contamination

Stellar Continuum Model

Ho Emission Line Map

.
¥

Nelson et al. 2016
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Hot Maps: Leveraging large sample sizes with stacking

20¢*ST

Contamination

Stellar Continuum Model

Nelson et al. 2016
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Hot Maps: Leveraging large sample sizes with stacking

3D-HST Spectrum

Contamination

Stellar Continuum Model

Nelson et al. 2016
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Hot Maps: Leveraging large sample sizes with stacking

3D-HST Spectrum

Contamination

Stellar Continuum Model

Nelson et al. 2016
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Hot Maps: Leveraging large sample sizes with stacking

3D-HST Spectrum

Contamination

continuum-corrected

radius

Stellar Continuum Model P Il 4| o T

Nelson et al. 2016
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Where do stars form? The inside-out growth of exponential disks zn

15

10_ """""""""""" N . L L L L L
9<M<9.5 1}, 9.5<M<10 10<M<10.5 1° 10.5<M<11

H(Hc)
[erg/s/cm2/arcsec?]

0 2 4 6 8 10 O 2 4 6 8 10 O 2 4 6 8 10

radius [kpc]

~2700 galaxies 0.7 < ZHa< 1.5

e Hx profiles exponential in all mass bins >10° Mo ...
star formation occurs in disks

Nelson et al. 2013, 2015
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Where do stars form? The inside-out growth of exponential disks 3“

-15

.’l s I

& CoETTTTTTTTT 0M<95 t. 05<M<t0 - 10<M<10.5 §% 10.5<M<11 | 3 ———— | |
7 | ' Ha
5§ 107} -; . Stellar continuum
5% ®a, ; .
30 ooy | |
Q 17 °Q Ooo " * F & |
g10 - °2t2$$ 000 ! g 2 .
= o TR %6, ... 1. ., ... .. e, . . t.. ... 0. T | ] =
2 4 6 8 10 O 2 4 6 8 10 O 2 4 6 8 10 2 4 6 8 10 ‘g
radius [kpcC] S
T
o
o
~2700 galaxies 0.7 < ZHa< 1.5
. L . 1T i
e Hx profiles exponential in all mass bins >10° Mo ... A R R S
star formation occurs in disks 9.0 9.5 10.0 10.5 11.0
- - I tellar mass [Mo
* Ho (SFR) sizes larger than stellar continuum (mass) og stellar mass (Mo}
... disks are building inside out
Nelson et al. 2013, 2015
Kate Whitaker Astrophysics with WFIRST @ 231st AAS Meeting January 10, 2018



When did the stars form? Bimodality of Galaxy Populations 3 n
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When did the stars form? Ages of quenched galaxies
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ST

* Hubble beats the cosmic
distance record with a pest-fit

GN-z11 HST WFC3/IR G141 Grism Spectrum redSh-ﬁ O]c COWblned gl’lSm

4001~ p [ - spectrum and photometry of
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| I . | - (Grism + photometric data rule out all
plausible lower redshift solutions.

Il
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I J Model at -
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Oesch et al. 2016
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Future Prospects
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WFIRST Simulations: what can we expect”

[

Single 4k WFIRST detector : %

', “,
- N
AN

Wil age s e e L Boie e i e e i g e Simulation by G. Brammer
e e e el et s T8 Sw N https://github.com/gbrammer/grizli/
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WFIRST Simulations: what can we expect”

<9
NS
: o
* DARK ENERGY _°* EX

Single 4k WFIRST detector

Dispersed by the HLS grism ==

A Simulation by G. Brammer
— | - — https://github.com/gbrammer/grizli/
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WFIRST Simulations: what can we expect”

Single 4k WFIRST detector
Dispersed by the HLS grism

Hoa: 1.1 <z<1.9
(full range 0.5 <z < 1.9)

—_— @6‘6

) o2
* DARK ENERGY _°* EX

Simulation by G. Brammer
https://github.com/gbrammer/grizli/
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WFIRST Simulations: what can we expect”

Single 4k WFIRST detector
Dispersed by the HLS grism

Hoa: 1.1 <z<1.9
(full range 0.5 <z < 1.9)

— >

) o2
* DARK ENERGY _°* EX

Simulation by G. Brammer
https://github.com/gbrammer/grizli/

Kate Whitaker

Astrophysics with WFIRST @ 231st AAS Meeting

January 10, 2018



WFIRST Simulations: what can we expect”

Single 4k WFIRST detector
Dispersed by the HLS grism

Hoa: 1.1 <z<1.9
(full range 0.5 <z < 1.9)

HX

— >

) o2
* DARK ENERGY _°* EX

Simulation by G. Brammer
https://github.com/gbrammer/grizli/
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WFIRST Simulations: what can we expect”

Single 4k WFIRST detector
Dispersed by the HLS grism

Hoa: 1.1 <z<1.9
(full range 0.5 <z < 1.9)

[Olll]+HP: 1.9<z< 2.8
(full range 1.0 < z < 2.8)

Simulation by G. Brammer
https://github.com/gbrammer/grizli/
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WFIRST: new capabilities with slitless spectroscopy

* WFIRST GRS grism
0.28 deg? at a shot, 2000 deg? () High Latitude Survey (z for BAO, RSD, public survey)

2.4m telescope (=HST)
* 1.0-1.9um, R =4 x G141 (e.qg., just resolves Hx, [NII])

WFC3/G141 WFIRST GRS grlsm
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Simulation by G. Brammer
https://github.com/gbrammer/grizli/
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WFIRST High Latitude Survey pushes into uncharted parameter space

Hubble Space Telescope Surveys
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WFIRST High Latitude Survey pushes into uncharted parameter space

Hubble Space Telescope Surveys
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg?(!)

2.4m telescope (=HST)

1.0-1.9 um

R =4 x G141 (resolves Hx, [NII])

e Star-formation activity (SFR, >srr(r)) Wuyts et al. 2013, Nelson et al. 2016
e Star-formation history (Hx vs. continuum) Nelson et al. 2013, 2015

* Dust extinction Price et al. 2014, Nelson et al. 2016

* Ages Whitaker et al. 2013, Fumagalli et al. 2016

 Active Galactic Nuclel Trump et al. 2011, 2014, Bridge et al. 2016

* Metallicity gradients Jones et al. 2014, Wang et al. 2016

* Age gradients Wnitaker et al., in prep

e Cosmic Dawn Oesch et al. 2016
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Line Morphologies provide spatially resolved information on ~1kpc scales

g

2000 degz (!) ICS « DaARK ENEéeY . EXO0

2.4m telescope (=HST) ) _
1.0-1.9 um Offers amazing number statistics!

R =4 x G141 (resolves Hx, [NII])

Nelson et al. 2016
9.0<log(M)<9.2 9.2<log(M)<9.8 9.8<log(M)<11.0

. - * Dust extinction Price et al. 2014, Nelson et al. 2016

NapHsT~0600 galaxies total
NwrirsT-HLs~10 million galaxies total
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg?(!)

2.4m telescope (=HST)

1.0-1.9 um

R =4 x G141 (resolves Hx, [NII])

Offers amazing number statistics!

Whitaker et al. 2013
1.10 - o Ié
1.05 | :
1.00 |
0.95
0.90 E
0.85 E

F/Fc

* Ages Whitaker et al. 2013, Fumagalli et al. 2016

0.05 |
0.00 H
-0.05 |

C I L L L L L L L L | L L L L I L L L L | 7
4000 4500 5000 5500 6000
Arest [A]

F,/F. — Model

N3zprsT~200 quiescent galaxies
NwrirsT-HLs~2 million quiescent galaxies
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Line Morphologies provide spatially resolved information on ~1kpc scales

<2

2000 deg?(!) T ————
2.4m telescope (~HST) Wide area + unbiased sample + spectral information
1.0-1.9 um

— |
R = 4 x G141 (resolves Hot, NIl perfect probhe of ENVIRONMENT!

log(N/Mpc3)

0.2 o,5red5hift1,o 1590 * Star-formation activity (SFR, >ser(r)) Wuyts et al. 2013, Nelson et al. 2016
| | OLDER QUIESCENT

107 RECENTLY QUENCHED: * Star-formation history (Hx vs. continuum) Nelson et al. 2013, 2015

e PDust extinction Price et al. 2014, Nelson et al. 2016

O
1
I

* Ages Whitaker et al. 2013, Fumagalli et al. 2016

 Active Galactic Nuclel Trump et al. 2011, 2014, Bridge et al. 2016

O
&n
|

2 4 6 8 10
lookback time (Gyr)

Whitaker et al. 2012

Kate Whitaker Astrophysics with WFIRST @ 231st AAS Meeting January 10, 2018



Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg?(!)

1.0-1.9 um

2.4m telescope (=HST)

R =4 x G141 (resolves Hx, [NII])

redshift

0.2 0.9

1.0

1.5 2.0

107°

log(N/Mpc3)
S

O
&n
|

84

OLDER QUIESCENT
RECENTLY QUENCHED

55

L L l L 1L

2 4

6

8

lookback time (Gyr)
Whitaker et al. 2012

Wide area + unbiased sample + spectral information
= perfect probhe of ENVIRONMENT!

e Star-formation activity (SFR, >srr(r)) Wuyts et al. 2013, Nelson et al. 2016
e Star-formation history (Hx vs. continuum) Nelson et al. 2013, 2015

* Dust extinction Price et al. 2014, Nelson et al. 2016

* Ages Whitaker et al. 2013, Fumagalli et al. 2016

 Active Galactic Nuclel Trump et al. 2011, 2014, Bridge et al. 2016

WFIRST takes us from ~50
to ~50,000 recently

quenched galaxies at z~2!

Kate Whitaker
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? ()
2.4m telescope (~HST) Wide area + unbiased sample + spectral information
1.0-1.9 um

— |
R = 4 x G141 (resolves Hot, NIl perfect probhe of ENVIRONMENT!

* Star-formation activity (SFR, >ser(r)) Wuyts et al. 2013, Nelson et al. 2016

vvhat role does environment » Star-formation history (Ha vs. continuum) Nelson et al. 2013, 2015
olay in star formation efficiency”

. * Dust extinction Price et al. 2014, Nelson et al. 2016
Does dust attenuation depeno

' 2
on environment e Ages Whitaker et al. 2013, Fumagalli et al. 2016

Do galaxies guench earlier in
denser environments?

VWhat role do AGN play in
guenching’

 Active Galactic Nuclel Trump et al. 2011, 2014, Bridge et al. 2016
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? ()
2.4m telescope (~HST) Wide area + unbiased sample + spectral information
1.0-1.9 pm a I
R = 4 x G141 (resolves Hot, NIl = perfect probe of ENVIRONMENT!

New samples of * Metallicity gradients Jones et al. 2014, Wang et al. 2016
gravitationally lensed targets! {

Age gradients Whitaker et al., in prep
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? (!)

2.4m telescope (=HST) Wide area + unbiased sample + spectral information
1.0-1.9 um B I

R = 4 x G141 (resolves Hox, [NI) = perfect prohe of ENVIRONMENT!

GN-z11 HST WFC3/IR G141 Grism Spectrum

wor- QOesch et al. 2016
200—[ I J l &Lﬁw
ohs i ‘]uﬂpﬂﬂnk JHL ik _,gﬂ,im
: 1 hd JU
2OOP 1 T -J’ ﬂ [f J J —

1.2 1.3 1.4 1.5 1.6
Wavelength [um]

Flux Density [nJy]

WFIRST will reveal 100s-1000s

of luminous galaxies in the _
epoch of reionization! e Cosmic Dawn Oesch et al. 2016
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Galaxy Formation & Evolution in the Suliti =5
From Census to Synthesis of the Ln‘ecyc\es of GaIaX|es

e Slitless grism surveys like 3D-HST offer a highly complete spectroscopic
resource for galaxy evolution studies

e The slitless nature of the spectra presents formidable 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 missions like WFIRST!

Kate Whitaker

Assistant Professor

University of Connecticut
www.whitaker.physics.uconn.edu
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