New Results from the
Cosmic Origins Spectrograph

UC Berkeley - Nov 8,2012
Astrophysics Colloquium
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Hubble
Servicing
May 2009

Two New
Instruments
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Installing the Cosmic
Origins Spectrograph




Highlights of recent COS results:

(1) Low-redshift Intergalactic Medium (IGM)
“missing baryons” Ly and O VI

“warm-hot IGM” Ly, OVI, Ne VIl
“metal evolution” CIV, SilV, OVI

(2) QSO Composite Spectrum (lines, UV continua)

(3) He Il epoch of reionization (z = 2.5-3.2)




Why do we care about the IGM?

- Probably contains 50 - 90% of baryons

- Source of gas for new star formation
(Low-metallicity infall to galaxies)

- Fossil record of ‘“feedback’ & reionization
(near-pristine matter in Cosmic Web)

lonizing Radiation Kinetic Energy & Heat
Heavy Elements into CGM and IGM
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COS Detector Performance
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COS easily detects OVlatz > 0.10

PK30402—123 COS5 coadded
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BL Lac Redshifts from LyX Forest

|ES 1553+113 (3 orbits, COS/GI30M+G|60M)
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oFeatureless AGN continuum — unknown redshift

*4| intervening LyX absorbers along sight line (5 OVI abs)

*first direct redshift limit: zagn = 0.395 based on IGM systems
Gamma-ray blazar at z > 0.4 Danforth et al. 2010
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. Temperature
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Warm-Hot Intergalactic Medium: T=105-107K
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Baryon “phase plot” (Temperature - Density)
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IGM/CGM phase diagram (O V)
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H | (Lyx) Absorber Survey

Tilton et al. 2012, Ap]
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| 1| OVI absorbers

Tilton et al. 2012
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Doppler-width distribution (O VI)
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NeVIII detected atz = O 4951 (WHIM at 5x10° K)
| Narayanan et al. 201 |, Ap]
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Current Status of Low-z Baryon Census
Shull, Smith, & Danforth 2012, Ap)

Subtracting off

photoionized O VI Hotter Gas!?

(1-2 x106 K)

Mmissing

Double-counted 29113

Broad Lyx

galaxies
7+2%
CGM 5+3%
Could rise to 31% (r<Rvir)
with low-Nwy; ICM 4+1.5%

absorbers cold gas 1.7+0.4%
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Metal Evolution in the IGM

fractional lookback time
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Star Formation Rate History
compiled by Hopkins et al. 2007
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Tumlinson et al. (201 I)
O VI probes of galactic halos and CGM
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Cumulative Distribution of Ly Absorbers
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Use normalized ratios: (r/Ryir) and (v/vesc)
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Quasar UV Spectra

Jet

Accretion Disk
and Torus

Active Galactic
Nuclei (AGN)

Their ionizing radiation
probably dominates the
ionization state of H, He, and
heavy elements in the IGM

Broad Emission-Line Region

hv > 13.6 eV (H )
hv > 54.4 eV (He Il)
hv > |14 eV (OVI)
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Quasar spectra from COS

MRK1513 (COS/G130M + G160M)

UV continuum and broad emission lines
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85 AGN co-added

Shull, Stevans & Danforth (2012)
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QSO (z = 1.081) plus two Lyman-limit systems
(zs = 0.4185) and  (zus = 0.8368)
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QSO (z = 0.9899) plus LLS (zwis = 0.5325)

SDSSJ084349.49+411741.6 Zuon = 0.9899
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COS composite SDSS composites

Shull, Stevans, Danforth (20I2) Richards et al. (201 1)
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RpLp(Av)? Black Hole Mass Calibrations
Mpu = f——=7——  CIV \I549 and OVI \1035
Tilton, Shull, & Danforth 2013
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MRK335
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History of the Universe

Low-redshift IGM
(z<0.5 and t <5 Gyr)

He Il Reionization Epoch
z= 2.7-3.2

Ak B i aiias Hubble/COS spectra
. AR explore the ionization era
of Helium (I | Gyr ago)
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Helium Reionization: The Cartoon Picture

36
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Unprecedented V|ew of HE 2347 4342

I I I I I

16th mag QSO

COS/G130M (ultra-luminous)
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Patchy He Il Reionization (z = 2.7-2.9)
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New COS Data: Q0302-003 (z = 3.286)
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HS 1700+6416 (z = 2.733)
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COS Parallels -- New Galaxies at Redshift z = 8

650 Myr after
Big Bang

Trenti et al.201 |,
ApJL, 727,139

Discovered by

Hubble’s New
WFC-3 Camera

(Infrared channel)
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log (Area / arcmin?)
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Lyman-break galaxy
(dropout detections)
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Proto-cluster of galaxies at z =~ 8

(Trenti et al. 2012, Ap))
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Luminosity Function (z ~ 8)

Bradley et al. (2012)
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Future with COS

|GM Baryon, Galaxy, Metallicity Surveys (to z ~ 0.5)
“Rest of the Baryons.... The Edge of Metals™

OVI (IGM & Halos) and Ne VIII (WHIM & CGM)

He |l reionization-epoch studies (z = 2.4 - 3.3)

Future UV spectroscopic surveys can use LyX and metal
lines to measure evolution of baryons, ionizing radiation,
and heavy elements over the last 8 Gyr
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