Early Distant Universe Results from the
Herschel Space Observatory.

Results from Science Demonstration Phase Observations
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The Cosmic Far-Infrared Background (CFIRB)
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PEP GOODS-S 113+113h
70+100+160pm

H-ATLAS: Herschel- Astrophy51cal Terahertz

Large Area Survey

«PACS + SPIRE 250, 350, & 500 um

«550 sq deg

eLarge-scale structure, AGN, rare objects
«Expect 10° galaxies to z~-3

HerMES: Herschel Multi-tiered Extragalactic jg ©"4°" e

Survey
eBolometric luminosities of galaxies, cosmic SFH

«Wedding cake to probe range of luminosities and

environments ?
«27,000 galaxies with SDP observations! HERMES

3-col SPIRE H-ATLAS SD field




FIR and Submm Galaxy SEDs
HerMES
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eHerschel provides a direct measure of bolometric luminosity and SFR
«Submm bands have a strong negative K-correction = sensitivity to high z
L.z and SFR predicted from A < 24 um observations are inadequate
«SEDs require some lower temperatures than expected (10 - 20 K)

«SF density for z < 0.5 may have been dominated by spirals




Galaxy Number Counts
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eHerschel SPIRE surveys are mutually consistent
«Consistent with previous work but 10x deeper
eBreak is evident at 10 - 20 mJy in all bands




Galaxy Number Counts

Model revisions are already needed!
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«Number counts of bright galaxies (ULIRGS+) over-predicted by models
«Bright-end counts are steeper than models generically




Resolving the Cosmic Far-Infrared Background

H-ATLAS & PEP:
Much of the A < 250
um CFIRB likely
arose from z < 1
spiral galaxies
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Berta et al. (2010)
HerMES - confusion limited
e Counts
250, 350, & 500 um:
15%, 10%, 6%
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P(D)
250, 350, & 500 um:
Plux bensity [35] Oliver et al. 201¢ 65%, 60%, & 45%

Glenn et al. 2010




Strong Evolution of the FIR/Submm Luminosity
Function Evident

HerMES rest-frame
©0.0<z<0.4 |1 0.4<2<0.6 — Toe<z<tn 250 Mm LF
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«Strong evolution evident to z ~ 1

«Continued but weaker to z ~ 2

eNext:
-Better statistics from bigger samples
-Reach to higher z with bigger samples
-Combined PACS & SPIRE for better-constrained bolometric SEDs
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Clustering - Probing Dark Matter Halos

® Lockman-SWIRE
FLS

(b) 350um
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Angular correlation function
eLargest field - Lockman-SWIRE: 14 sq deg
«Spatial clustering of (mean z~2) galaxies
compared to halo model to estimate occupation
number
eRedshifts estimated via submm photometry
eResults suggest:
=Galaxies with $(250um) > 30 mJy reside in
dark matter halos with M > (5£4)x102 M.,

=~15% appear as satellites in more massive
halos




Very High Redshift Candidates

Rising-spectrum sources

Average spectra of sources detected in 4
Three examples: HerMES fields compared to templates:
250 um 350 uwm 500 uwm 10x Arp220 at z=5 ——

GN20 at z=5
avg. FLS ---4---
avg. GOODSN =3
avg. Lockman-North 3
..-B avg. Lockman-SWIRE --EJ

A (um) 1000




Lensing!

H-ATLAS:

eBright 500 um galaxies (> 100 mJy)
«Optical counterparts: zy,/spec < 1
«CO Z’s: 3.04 & 2.63!

Arc Seconds
Arc Seconds

Red contours: SMA CREDITS: Mark Gurwell (CfA)




Summary: What are some of the things we
have learned so far?

. Galaxy number counts have been measured much deeper
than previous surveys; models need to be revised.

. A substantial fraction (1/2 to 2/3) of the CFIRB has been
resolved.

. Bolometric luminosities and SFRs require FIR/submm data.

. The FIR/Submm LF evolves steeply to z ~ 1 and flattens
somewhat beyond that.

. The angular correlation function implies most submm
galaxies reside in M > 1012 M_.,. halos.

solar






