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

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



- w 3
e \\\ v R 2 S .- P 0, 5" s et o2 N~  S is WRL oo T —
o EAY A
- N
\ ‘
~ N AEGIS.29 B %
’ \ . A - o . e —
” » ’ Y -~
s " s ' Y g » |
7 VW' O T e N e e e RN T aeemeeesant e e e, R % R | ; /
S \ A N 7 1" | godos.souTn 73
# f ey ¢ ALGIS S RESRTS : ‘
- LGy :
& ABGIS 28 .- 1" B, - 1 /
3 N ! f
& 2 R 1 -"‘l.\\ J
A .,/a} * S : / \‘-\(
e\ “ “ . z .
N, 7 | ety
we ! I
<( sy LA 5 X /u’l-.n\' VOUTH rl/
“ b PN ",' 7\ A
h o o RS 1. /
N ) b :* .‘\ f
% : } ' < ~\.’/
! z o e 3! y | Ay
v’/l . N 11 S 3 \/. 4
430 AEGISE A ot v
‘ : E . et
({ » p, : y ’
2 ' - y
~. o ! LS { /
e / ' J y H ‘
Sy - ’
< —
-~
)
“RERT
COSMOS-21
<
)
+ . -
\‘ L q ’.. ] I' - - .‘.\\. » \
v . " ? ) € \
\ * . . o > b
onTe e — g —r—— Y 0 e D Sl 21 § - oty Ny 27N\
R ’ ’ N\ "\. el 3 " N
. Ia 1 \ P » s > A .
’ ' ' ) P e s, Sk _><f 9 N L A
: ‘{ L : 5 "' » = 9’ . . "i" ® -”‘ A
s Yo - A : AN -y ,
y L \ b N\ \
s M ( J » P o+ '.‘. LY . v 4 \ B Y
" ) e % r B el ! N e \
™ ' - ' W \ . NN A
" ' - <& | S >
M : A '  ~ R o \\‘ S ”
.-——-----..{-----'-::xﬁk;—.:-‘q\----s__. - ‘v; '/f’ —'_V!:’ ’/’ . e ) 0§ .},f b
‘X . \ % . o A ",' % pr s ,,’ S
7 -y ~e P \ o L ! ’3'\," \
A - o 5 "

) \ .
Wiz o517 3% _," N 2 \
™ 1e o
i N

\
. X}

SEEABBEEn
-
-
el
5
\
A Y
A\
\
A Y
5
\
’Y
e
$
"
v
H
e
et
’Yﬁ.,
0y
[N
N
o xS
-
,,”\
o
o
.
&
p,
-

‘.' - » - -
.—--‘.-.-,o-‘—'”—.“"qp---.an.t'ri \
. § s, &

: g ! ;
" - i ” ?
‘" >
3 O : 1d . L ‘;
) 2
) »
# ! °
r - o
Cadelioll adccas oL N L ss I

3D-HST F140W Mosaics
3dhst.research.yale.edu
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0.3 04 03 ;6 > All high level science data
rest/pum products publicly available!

Automated extraction enables robust quantitative
measurements for 10s of thousands of galaxies

Momcheva et al., (2015)
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Science Highlights

and grism spectroscopy
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stellar continuum

Line Morphologies provide spatially resolved information on ~1kpc scales 3 n % 5"‘
\

c
9O 4
# @ | @l
i & . y
3 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 Akhshik, Whitaker et al., in prep -
: R ... and many more excellent papers!
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stellar continuum

Line Morphologies provide spatially resolved information on ~1kpc scales 5 n
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When did the stars form? Ages of quenched galaxies zn %51‘
\
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What quenches galaxies? Spatially-resolved absorption spectroscopy D AWN
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What quenches galaxies? Spatially-resolved absorption spectroscopy D AWN
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International Research Experience for Students

DAWN IRES Scholars Program

___https://www.uconn.dawn.edu/
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WFIRST Simulations: what can we expect”
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WFIRST Simulations: what can we expecV:

. - . ) . _l )

Single 4k WFIRST detector & &

Drift And SHift *, >
(Momcheva et al. 2017) & °

new observing HST mode as a
pathfinder for WFIRST science
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WFIRST Simulations: what can we expecV:
Single 4k WFIRST detector

Drift And SHift * * . .. -

(Momcheva et al. 2017)

new observing HST mode as a
pathfinder for WFIRST science
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WFIRST Simulations: what can we expect”
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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)
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Simulation by G. Brammer
- https://github.com/gbrammer/grizli/
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WHIRST/HLS: 0.28 deg? / pointing, 2000 deg? total

W (from prev.)
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Space-Based Spectroscopic Surveys push to uncharted parameter space
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Line Morphologies provide spatially resolved information on ~1kpc scales

<2

log(SFR) [M, yr ']

log(SFR) [M, yr ']

2000 deg? WFIRST 100/2000 deg? ATLAS 100/2000 deg2 CETUS RS
2025 2030 2030
2.4m telescope (=HST) 1.5m telescope 1.5m telescope obscured &
1.0-1.9 um 1.0 4.0 um 0.18-0.35um: 0.3-05° @ Unobscured
R ~ 400-800 (resolves Ho, [NI]) R = 1000 R = 1000/20,000/40,000 Star formation
3 ;‘;'g;g;.' | d A I A =i I M I L I I * Star-formation activity (SFR, >ser(r)) Wuyts et al. 2013, Nelson et al. 2016
) :_A Unobscured _:_ _ _ ] |
N OO A_A_****"’"' i+ Star-formation history (Hax vs. continuum) Nelson et al. 2013, 2015
:  AEEENET AN S
137 o P 1 * Dust extinction Price et al. 2014, Nelson et al. 2016
-1 ‘+ 0.5<z<1.0‘f‘ 1.0<z<1.5‘f . .
S A = = L I R * Ages Whitaker et al. 2013, Fumagalli et al. 2016
5 - ***—EE- ****—E - - -
: - .+ 7+ Active Galactic Nuclei Trump et al. 2011, 2014, Bridge et al. 2016
1 :" ‘ _'A A—::_ 1 lAA A A —; - - -
NP et Y EEE  Metallicity gradients Jones et al. 2014, Wang et al. 2016
tE o 1s<e20p 20«25 o Age gradients Akhshik, Whitaker et al., in prep
° Iog(l1v|(;Mo) " ’ |Og(:V|C;Mo) B

e Cosmic Dawn Oesch et al. 2016
Whitaker et al. 207170
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? WFIRST 100/2000 deg?2  ATLAS

2025 2030
2.4m telescope (=HST) 1.5m telescope ] o
1.0-1.9 um 1.0- 4.0 um Offers amazing number statistics!
R ~ 400-800 (resolves Ha, [NII]) R =1000

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

e Star-formation history (Hx vs. continuum) Nelson et al. 2013, 2015

M(Hx)

NaprsT~2 700 galaxies total
N200o degz > 20 million galaxies total

(plus ATLAS extends out to z~5)
Nelson et al. 2016
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? WFIRST 100/2000 deg? ATLAS

2025 2030
2.4m telescope (=HST) 1.5m telescope ] o
1.0-1.9 um 1.0- 4.0 um Offers amazing number statistics!
R ~ 400-800 (resolves Ha, [NII]) R =1000

Ha and HP3 Maps

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

N3zprsT~0600 galaxies total
N2000 degz > 5 million galaxies total

(plus ATLAS extends out to z~5)
Nelson et al. 2016
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? WFIRST 100/2000 deg?2  ATLAS

2025 2030
2.4m telescope (=HST) 1.5m telescope ] o
1.0-1.9 um 1.0- 4.0 um Offers amazing number statistics!
R ~ 400-800 (resolves Ha, [NII]) R =1000

110 |
1.05 |
1.00 J
0.95
0.90 |
085 |

F/JF

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

0.05 |
0.00 H
-0.05 [k

F,/F. — Model

N3zprsT~200 quiescent galaxies
N20o0o degz~1.6 million quiescent galaxies

Whitaker et al. 2013
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Line Morphologies provide spatially resolved information on ~1kpc scales

2000 deg? WFIRST

2025
2.4m telescope (=HST)
1.0-1.9 um

R ~ 400-800 (resolves Ha, [NII])

100/2000 deg?  ATLAS
2030

1.5m telescope
1.0 -4.0 pm

R =1000

VWhat role does environment
olay in star formation efficiency”

Does dust attenuation depeno
on environment’?

Do galaxies guench earlier in
denser environments?

VWhat role do AGN play in
guenching’

spectral information =
perfect probe of ENVIRONMENT!

Star-formation activity (SFR, Zsrr(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

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

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? WFIRST - 100/2000 deg? AzTcl).?Q)s _ _ —

2.4m telescope (xHST) 202 1.5m telescope Wide area + u_nblased _sample +

1.0~ 1.9 ym 1.0 - 4.0 ym spectral information =

R ~ 400-800 (resolves Hot, [NI)  + R = 1000 perfect probe of ENVIRONMENT!
10 | IIIIIII | | IIIIIII | 1 1T 111

log(sSFR)<-11.8 - ’

1.5<2<3.0 K E

log(sSFR)<-11.0

3 Bl
< —H-@—
v ﬁ
= 15& .
[ REQUIEM Sample: }
I ® @ Existing HST/G141 | |
i ,og(sSFR)<_/lL'5 @ THIS PROPOSAL ||
| lllllll | | lllllll | L1 1 1111 ~ = - -
1010 10" 1012 * Metallicity gradients Jones et al. 2014, Wang et al. 2016
stellar mass (Mo) 3

New samples of - ¢ Age gradients Akhshik, Whitaker et al., in prep

gravitationally lensed targets!
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Galaxy Formation at Cosmic Noon in the
LESSONS FROM 3D-HST

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

Future prospects of transformative studies with wide area spectroscopy:

 Measurements of environment
o Spectroscopic measurements of age, dust, metallicity
o Studies of rare galaxy populations
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Assistant Professor, University of Connecticut
Associate Faculty, Cosmic Dawn Center
www.whitaker.physics.uconn.edu



http://www.whitaker.physics.uconn.edu

