WFIRST/AFTA — the Observatory
Dark Energy — the experiment

Microlensing Planet Search — the
program



Alibert, Mordasini, & Benz (2011)
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new migration model & stellar irradiation of disk

Dittkrist, Mordasini et al. (2014):
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Coleman & Nelson (2014): blue dots =
detailed oligarchic growth & migration model

Planetary Mass (M_)
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PLAN: HIGHLIGHT & SYNTHESIZE THE EXCITING “BEYOND THE LOCAL GROUP”
ONE PAGE SCIENCE IDEAS PRESENTED IN THE SCIENCE DEFINITION TEAM'S

2013 AND 2014 REPORTS.

» Community Members that Submitted 1-page
: @ Descriptions of Potential GO Science

Programs in the 2013 SDT Report
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@ ""-"°"~’f REEN is good
ESARGTI 5, J
SIMET: ’ﬂ”‘

X HLS? Green means it has
that X-factor’. For me,
this was mainly how
exciting it felt, and
with bonus points for
how synergistic it felt.
Red on the left meansthe ==
facility in the column
cannotdoit. Soifa row is
all red then it means it's

unique to WFIRST.
Green means it can be
Names are omitted. done as part of the
Text is intentionally high-latitude survey so
illegible... don’t even guest observer time
try. Just look at the would be pointless.

colours.



A smooth mass distribution would predict:

This to be 100xbrighter  These to be Zx brighter | ™ 0 107 brighter

What causes this the anomaly?
1.Dark satellites? |
2.Astrophysical noise (i.e. microlensing and dust)? %-

Slide credit: T.



Thanks to Marc Postman!

Done by, Oore by | Dore | Truly
Science topic WS | Microl bysne| Go Comments
80 % __|Feasionity - s 7000
Oort cloud X [Feasivdity - can detectors be read out at 40 H1?
free floating planets X |Requires galactic plane survey
Feasivlity - requares bigh caderce - exp every few
Trarcit planet masses) X  |minutes
E net s ) Not dear WFIRST can do this at all
Addtional Exoplanets) requires 500 days of time - 3o longer than microlensing 48 p rOposa |S
(transits X |survey
Addtiona Exoplanets) requires S00 days of time - 3o longer than microlensing
|astrometry) X survey o
substellar populations] X if HLS were 1o include H-2und —_ 1
e - 19/48 = 40% genuine GO
stellar fossils| X__|reguires obs of Miky Way disk
IR EM Relstion X |regures ot of Galactic globular dusters
closest young stars X |If SNe survey uses IR bands
distant SF regions] X X [IF K-Band was avaslatie —_ o/ /¢ H ’
hi-rcsimm'?ﬂow requres wel-sampled Frages at Bluest waraelength, May 22/48 - 46%’ genUIne GO
mass stars) X |nct be feasidie.
mm,.,,,m—‘m . (but about 6 were from NIRSS
motiors of disk and buige)
stars) X |Requires <10,0C0 epochs
Q50 ref frame b&mﬁl .
MCs| X [HLS will nat chserve SMC or LMC / g
e T T 7/48 = done by Microlens or SNe Survey
fairt MW satelite survey) X needs cadence not uaed in HLS
mass of MW Galaxy] X
COM v WDM testl X |reguces observicg LG dwarf galaxies
Missing Satelite survey X |reguires observirg LG Globular cluster streams
Map MW Potertial| X |reguires observing LG Globular cluster streams
Dissecting Nearkry Gals) X |reguices obs of neartry palacies
Halo Age Distribations X __|requires obs of nearby galaxies
50 Mpc substructure) X |requres blue (700 nm) filter
Decp photom of gals and|
clusters| X X
Galaxy Structure / Moeph| X
Strong Lereing] X X Science topic m"’{ o v :;:' -y Comments
hi-z 5| X
Shock dominated systems| X HLS grism survey should suffice €0 Didert specty precse depth requred, Might be doable
Cluster matter distrib| X 2 jonizaticn sources| X from HLS grism survey. Might also require more data.
Merging galaxy clusters| X cosmic eaplosions, not feasible - requires filters redwards of 2 microes.
Group-scale Lenses| X 22 stellar pops| X X
Masses of hi-z clusters] X athcugh would berefit from maore ares LSST & WFIRST X
Evol of massive red gals not feasible - needs medium band filters jj
Ly-alpha emitter survey] X |needs grester depth than HLS grisen survey Euclind & WFIRST X
obscurrec Q50s] X w=|n65‘1l':’; :;: shapes : = n
. ""’".‘"’ €8 be gheaned from HLS. Precise depth mot . Binary mﬂifg Follow up gravitay wave detections. May not be feasbie
faint end of QSO L7 ; specified in 1-pager. mergers X |GW system not on-bire
s lercec B




CONCLUSION
CONCUSSION

#WFIRST is Sloan in Space
disguised as a dark energy mission.

No, it's not.  Spectra?




Dave Jewitt
Solar system

* Assess the q > 50 AU “inner Oort = outer
Kuiper” population

* Assess the arriving long-period comet flux

* Determine nucleus size distribution from

photometry of pre-active L

Detection of large perihelion objects

Planet Y(1,1,) R (V=27) AU

Earth -3.9 1230

Jupiter 9.2 4300

Neptune £ 2500

Trujillo & Sheppard 2014

Pluto -1. 630




Dave Solderblom Summary Wishlist
Steve Majewski

1. Longer A desired (i.e.., K,), w/no AA broadening

* Punch through extinction —e.g., bulge science

Log10 N (src deg™?) [m= 80 11 O]

Infrared star-count map as a function of wavelength M A SS + GLIMPSE
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Star Formation
In Taurus
(SDT report)*

AFTA-WEFIRST

O Hubble
O Webb




PM cleani 9 |

bulge CMD with Michael Rich 7" /-7 7"
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Galactic Science Example

WIRTIR @ Dark Matter Properties through @
Luminous Tracers

AFTA will survey 2000 sq deg of MW Halo at Hubble’'s power and IR image quality
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10% of the
mission? Easily.
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200 220° © 200° 180° 160° Va0 2" Stars and Stellar

Right ascension
Current census of Milky Way DM-dominated Populations —
streams and dSphs is heavily incomplete. much richer data

WFIRST will be very efficient at finding missing dSphs than galaxies!

04/30/2014 WFIRST-AFTA SDT Interim Report 15



. Galactic Science Example @/
Stellar Pops and IMF

WIFIIR@EI

LI | LI | LI | LI | LI | LI |
12 -wrIRsT-2.4 phot limits for 10,000s | * M dwarfs out to the edge of the Galaxy
| Crowding (0.5 stars / sq arcsec) i
- Without Crowding
14 o o . o _
i 1+ Exquisite star/galaxy separation
16 |- . — High-precision photometry
i — Takes advantage of rising stellar
O luminosity function
QS - .
=L * Discovery of dozens of low SB
o systems
op [ 197 @ 30K - IMFs, SFHs, SB profiles, and
, structure
24 —
26 - | . A stellar population (47 Tuc + SMC)
B in the IR (Kalirai et al. 2012)

0 02 04 06 0.8 1
F110W — F160W

04/30/2014 WFIRST-AFTA SDT Interim Report 16



Weisz & Brief Intro to
Dalcanton ' '
Optical CMD Near-IR CMD

~ (41A9) aby

-05 00 05 1.0 15 20 -05 00 05 10 15 20
F475W-F814W F110W-F160W




HST’s Wide Area UV-Opt-IR Map of M31

432 WFC3/IR Pointings
2 WFIRST-AFTA Pointings




Spatially Resolved SFH of M31

Alexia Lewis (UW)

dec

Measure SFHs of
~8000 independent
100x100pc regions

from optical-only

CMDs




Census of dwarfs in the field

Archival science: /,-6 -8:,. : -10

. Expect >1500 dwarfs . 64 Mpc
to Mv = -10 within 32 , e BT
Mpc in 2000 sg. deg 32 Mpc

* Predictions are
uncertain by at least
an order of
magnitude at this
luminosity T e

- TRGB detectable; -7 » LAy
- instant distance - o G s A SRR

estimates GosiRdes. 8
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Galactic Science Examples @«

Luminous and Dark Matter

« Masses of the Faintest Milky Way Satellites
— 80 micro-arcsec/year gives individual star internal velocities

» provides estimates of dark matter mass and density
» <2 km/s for 50 stars @ 100 kpc, in 3 years

* The Mass of the Milky Way

— Tangential velocities of distant tracers in the Milky Way halo
« <40 km/s error in v,y at 100 kpc, less than the expected velocity
dispersion
» Breaks the mass-anisotropy degeneracy in the distant halo

« Cold vs Warm Dark Matter

— Distinguish central density profiles
— Extrapolate dark matter mass profiles

— Current vgap lead to degeneracy b/w the central slope of DM profile
and velocity anisotropy.

Full science case descriptions are in SDT Report
04/30/2014 WFIRST-AFTA SDT Interim Report 22



WFIRST Poin"red Observc:’rions_ ‘

* Nearby
Clusters




WFIRST Pointed Observations

Imagine AB—29‘d‘ {
the Virgo Cluster-Se -
° ~4 magm’rudes fcuh’r"

the TRGB ‘ T - &

. Mibes etal 2005



Lisa Kewley
Deep Guest Observer Surveys
Key spectroscopic window: 1.8<z<2
- allows [OIII]/HB and NIl/Hao
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The BPT Diagram with redshift

4

(a)z=0

Where do the data lie?
(Kewley+13b, ApJL, 774, 10)

LOG ([OllI/HB)

(b) 2=0.8

2~0.8: zCOSMOS

LOG ([OlI/HB)

z~1.5: Subaru-XMM Deep
Survey and the UKIDSS Ultra
Deep Survey

LOG ([0|||]/H[3)
o o
o (4]
2}
2
-
el

z~2.5: Lensed galaxies + BzKs

=
L
=
S
(O]
o
—

(e) 2:3.6

sV NV

-1.0F

z=3 galaxies: LBGs & Lensed
Galaxies
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12+log(0/H)

Contribution to metal budget?

|

N2 (PP04)

|

Steidel+ (2014) y

¢ Erb06 (z~2.3)
=0 KBSS (z~2.3)

86T

8O0F

fl .Sanders+ (2014) 1

Steidel et al. 2014

® >~ 2.3 MOSDEF galaxies |
® >~ 23 MOSDEF bing

A
9.5

10.0 10.5 11.0 11.5
log (M, /Mg)




Deep Guest Observer Surveys

Key spectroscopic window: 1.8<z<2
- allows [OIII]/HB and NIl/Hao
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Louis Abramson 2
+2014 arXiv: 49 2 105 _ 0.1
1411.1431 M TS LA _—

0.8

(poyipow) opL+y3

M. (t)/ Mg

,. / }og_(’m)=10.7:

Starforming todoy -
Passive today

. ) + A A A 1 A 2 2 1 M

0 2 4 6 8 10 12
t [Gyr]

Not quenching — diversification




Epoch of galaxy activity

log SFR(t)/Mg yr™

redshift

43 2 1 0.5 0.1 43 2 1 0.5 0.1
2.0 111 1 T T T 1 T T
1.5 10.5
1.0
0.5} il |
Storforming todoy ® | 9.5
Possive todoy ® | ]
0.0 i Peng+10, g=-0.1 —
T T T .
| — ) | I \"|‘ 'J % \ ll. Lo o L o 9_0
12 10 8 6 - 2 012 10 8 6 & 2 0

lookback time [Gyr]

LEA+14cC

log M,(t)/Mqg



A perfect mission...

e Probe a wide variety of (over)densities at ag
epoch where galaxies in them are still actively
starforming.

"“2T00 shallow!

e Uniform spectroscopic coverage over large

areas. (the data, not Louis

¢ (lean selection function — pure redshift associations
no color/dynamical state bias.

e Reduce cosmic variance issues.
e Dig deep in the mass function and SFR—I\'X
relation (MW progenitors).

. Abramsgn SFR > 10 M@ per yr Wf‘lgiT- 17 Nov. 2014



Milky-Way-like galaxy timeline

log(fraction of present-day mass)

radius (arcsec)

Redshift
3.2

2.0 . . . 9.0 11.0 13.0
Age (Gyr)

Blue
nuggets

ionization

Redshift
3.2 2.2

2.0 3.0
Age (Gyr)

radius (kpc)

WEFIRST M* [imits

High-lafitude
Deep
JWST M* limit



WEFIRST Deep Fields
WFIRST/AFTA Deep Survey

(SNe) could be the answer to
such programs, but presently
not configured to do so —
need all bands and grism

or depths in
D opftical

* Complements JWST — bright reionization
sources; clustering

* JWST:

single band at 3.6 microns would take ~200 days
to AB~29 (assuming 50% efficiency)

* Placement of fields where there is deep
long-wavelength data is important



Clustering in the Reionization Epoch — Malhotra & Rhoads
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CONCLUSION

When do early-type galaxies form?

Roberto G. Abraham!, Patrick J. McCarthy?, Erin Mentuch’,
Karl Glazebrook?®, Preethi Nair!, Jean-René Gauthier!, Sandra
Savagho Dav1d Crampton Stephanie Juneau®®, Richard

Murowinski®, Damlcn Le Borgne!, R. G. Carlberg’, Ingcr Jgrgensen’,
Kathy Roth’, Hsiao-Wen Chen®, and Ronald O. Marzke’

Abstract. We have used the Hubble Space Telescope’s Advanced Camera for Surveys to mea-
sure the mass density function of morphologically-selected early-type galaxies in the Gemini

Deep Deep Survey hields, over the redshilt range 0.9 < 2 < 1.6, Our imaging data set covers

"Gemini Observatory
8 c . T . . .
Dept. of Astronomy & Astrophysics, University of Chicago
C . v . - - . .
“Dept. of Physics and Astronomy, San Francisco State University

Abstract. We have used the Hubble Space Telescope’s Advanced Camera for Surveys to mea-
sure the mass density function of morphologically-selected early-type galaxies in the Gemini
Deep Deep Survey fields, over the redshift range 0.9 < z < 1.6. Our imaging data set covers
four well-separated sight-lines, and is roughly intermediate (in terms of both depth and area)
between the GOODS/GEMS imaging data, and the images obtained in the Hubble Deep Field
campaigns. Our images contain 144 galaxies with ultra-deep spectroscopy, and they have been
analyzed using a new purpose-written morphological analysis code which improves the reliability




WFIRST/AFTA — the Observatory
anybody heard of the Hubble Space Telescope?

25% for ‘Legacy’ and small ‘surveys’ not enough!

Leave it up
to the TAC!

Exoplanet-characterizing
Coronagraph
—the technology program



The WFIRST/AFTA SDT thanks you for coming
and contributing to our work In developing the
mission. It has been gratifying to have such a
large turnout, such strong interest (!), and lots
of input and ‘food for thought’ for the SDT.

Safe travels!



