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Unprecedented Galaxy Samples at z>=4
(from HST’s blank fields only)
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Almost 1000 galaxies in the epoch of reionization at z>6
Current frontier: z~9-10
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Sample of 4 Bright z~9-10 Galaxy Candidates
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Spectroscopic Features of High-z Galaxies
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Bright z~8 Galaxies with Spectroscopic Redshifts
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Spitzer/IRAC colors allow us to exploit very wide area imaging data
to search for rare, ultra-luminous z~8 galaxy candidates with
robust photometric redshifts
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Bright z~8 Galaxies with Spectroscopic Redshifts

100% spectroscopic success rate via Lyx detection in such galaxies!
see: Roberts-Borsani+15 (z=7.48), Zitrin+15 (z=8.68), Stark+16 (z=7.15)
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EGS-zs8-1 now has a three line redshift z=7.73.
Very large EW CIII] emission. (see Dan’s Talk)
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Different Way Forward: Continuum Break Redshifts

If Lya disappears, need different technique to measure redshifts:
continuum breaks

Note: at z>6 these are the Lya continuum breaks

Rest wavelength (um)
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- Tanvir+09 .
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Problem: the background in the NIR is very high from the ground
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HST Grism

Slide Credit: I. Momcheva
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HST Grism

Slide Credit: |. Momcheva \ Nk

e ———

L
gL
O

"




' .
-. '. ‘ . . 3 ‘ : .“
. I :
. , : : ¥
« 5 L] - 3 ’
- .‘ .
., ' ' L 8
‘ .~- . “.. .
. 0
’ oA
Py - . ‘
‘. Q. & \
1 e . . . < C . Y
. .-_',. B A ..
- = YREE Z 2 ( )
. N~
‘ . :'" Ry » . *Y
] P < .
A ’ g L : ' : ® 2
- » - 2 & oy 5
R .
- , - ? o ‘ 5 ;
: 2 ’ " .
- 2 ¢ ; ‘.
¢ ° ’ AR
. - . . . 7
: - . o.‘ . .
. S . J ;
= . ‘ > !
-~ . ~\ - ..
L 3 ;
! ‘ 2 ., s
- xS .- A :
‘ - ™ . - < \ :
-
- - . . P z S \‘
- o s
» - I. . , 4
B . 2
: e > i = e & .
‘ S % : . &
L J s - r S : <3 * . ‘ ‘
R - L
. e > ’ . > v ;
- - 5 '
3 ¢ S S -y - 2
. ’ >
v il '
' g " A ‘s 2
. & > . >
. .
.- ‘> .h, . “ ol
\ - . S 3 2 :
y : . ; e
- . 3 -
: 5 . - ; A K - ‘a
. n AL 25 A
- . o " - - .
‘ i ’ WOy Ve ' - Y »
. ‘._ . :
» -~
= & PR :
- -
. ° ; ¥
. ~ . - A . :
-

'(:) very brlght Z~10 Sample from Oesch+14 |s
Wlthln reach of t!le WFCS/IB grlsmr

{ GN-210-1

? Zphot = 102+ 04

. s34
s
Z -
. .
s 0 .
» . >
l. ’ .. 8
Ny B
) S0
. 2 . '.’
’ : X X '
B - b &
- 2 '..
; ’ e, ¥
(\ - ..
° A
/ -
of 52 -

H160=25.95 i

. target of 12 orbit °
WFC3 grlsm program




Neighbor Contamination in Grism Spectra

Even in a blank field, it’s difficult to identify orientations with minimal contamination.
Previous AGHAST spectra heavily contaminated.

Contamination Model
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Perform full 2D contamination modelling and neighbor subtraction
(based on 3D-HST grism pipeline; Brammer+12, Momcheva+15)
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Grism Extraction and Contamination Modeling

= Analysis based on 3D-HST
Pipeline (Brammer+12,
Momcheva+15)

= |nterlaced combination of
iIndividual exposures

* Yields well-understood noise
properties of the final spectra

= Full 2D modeling of
contaminants
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Grism Extraction and Contamination Modeling

Epoch 1

ID=20348

© ®
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Lyman Break Detection at z=11

Oesch+16 Lyo Redshift
9 10 11 12 =

scale [arcsec]

GN-z11 HST WFC3/IR G141 Grism Spectrum
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Overall continuum detection ~5.50 at
A>1.47 pm

Detected at 1-1.50 per resolution
element (91 A)

Detection in both epochs individually
(but at low S/N)

Break factor (fred/foiue) of >3.1

(20, 500 A) rules out z~2-3 interloper

(Maximally old BCO3 model at z=2.7 a
factor of <2.7 defined the same way)

Rule out emission line contaminant

Best-fit redshift: z=11.09+-0.10
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Lyman Break Detection

= Qverall continuum detection ~5.50 at
A>1.47 pm

| | = Detected at 1-1.50 per resolution
01~ 2-11.09 LBG N element (91 A)

= Detection in both epochs individually
3 _ (but at low S/N)

J
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1‘ ‘ __ ‘ l “ | 11‘ [“ I I (20, 500 A) rules out z~2-3 interloper

_0.05— | [ B (Maximally old BCO3 model at z=2.7 a
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Rule out emission line contaminant

= Best-fit redshift: z=11.09+-0.10
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Physical Properties of GN-z11

Age of the Universe [Gyr]
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u
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Redshift R.A. 12 : 36 : 25.46
Dec. +62:14:31.4
= UV luminosity ~ 3xL*(z=7) Redshift zgrism 1109795
UV Luminosity Myv —22.14+0.2
= Stellar mass ~ 10° Mo Half — Light Radius® 0.6 & 0.3 kpc
log Myq; /Mg © 9.0+ 0.4
= SFR~24 Mo/yr, age~40 Myr log age/yr ° 7.6+0.4
SFR 244+ 10 Mg yr—1
Auv < 0.2 mag
Massive galaxy formation well under-way at z~11 UV slope 8 (fx x A?) —2.5+0.2¢
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GN-z11 was “known” since 2008
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same photo-z as with new data, but was ruled out as not likely to lie at z>9
due to single band detection and its luminosity (Bouwens+10)
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GN-z11 is off the Charts

10—

¢ [mag™'Mpc™]

AN

-8

~10

-50x higher

Does GN-z11 tell us something fundamentally
new about early galaxy formation?

z=11

— Mashian+15

Model LF Predictions

Trac+15

10
—22.5
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—22 =215 —21
Absolute Magnitude M [AB mag]

uv
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Detection of GN-z11 in existing
data is quite unexpected, given
current models

Expected to require 10-100x
larger areas to find one such
bright z~11 galaxy as GN-z11

Difficult to draw conclusions
based on one source. Need
larger survey!



The UV Luminosity Function at the Cosmic Frontier

o Oesch+16, in prep.
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Including HFF galaxy candidates, now have a quite good estimate of the UV LF at z~10.

It lies a factor ~4-5x below the extrapolation from lower redshift trends.
There just aren’t a lot of z~10 galaxies out there!

Slower evolution at bright end?
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SFRD Evolution at z>8

Time [Gyr]
2 1.4 1 Oi8 Oi6 0.5 0.4

| |
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Full analysis of first 4 HFFs confirms:
SFRD evolves very rapidly beyond z~8, faster than across z=4-8

see also: Zheng+12, Coe+13, Bouwens+13/15, Ellis+13, McLure+13, Ishigaki+14
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Rapid Decline Consistent with Models

Time [Gyr]
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Rapid decline in the cosmic SFRD is consistent with most models,
but there is a considerable range in predicted evolutions at z>8.

Need to understand this before launch of JWST to plan most efficient surveys!
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Summary

= Deep imaging with HST enabled the detection of a large sample of galaxies at
z>3 (11°000), and extended our frontier into the heart of the cosmic reionization
epoch (>800 galaxies at z~7-10). Spectroscopy lagging behind.

= Cosmic Frontier: Have obtained a grism continuum break redshift for a
surprisingly luminous galaxy in the GOODS-N field: GN-z11 with zgrism=11.1

= GN-z11 is reliably detected in IRAC, enabling first insight into physical properties
of galaxies at z>10: We have now explored 97% of cosmic history in build-up of
star-formation and mass

= Discovery of GN-z11 in current search area is surprising according to models:
Need larger area surveys to confirm the number densities of bright galaxies at
z>10. Needs to be done now with HST, likely won’t be done with JWST!

= Despite the discovery of GN-z11, the cosmic SFRD (dominated by faint galaxies)
evolves declines rapidly at z>8 by a factor 10x in only 170 Myr
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