XQ-100: A legacy survey of 100 quasars and their absorption lines
observed with VLT/IXSHOOTER

S. Lopez (U. de Chile) on behalf of the XQ-100 Collaboration
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= Context and motivation
= Survey design, observations, data reduction

= Selected ongoing science

= Science products
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QSO spectrum: intervening absorption lines

e Trace the circum- & inter-galactic medium.
e CGM /ISM:
e probe gas abundances of heavy elements and gas
that fuels galaxy formation
« galaxy formation and evolution
e IGM:
* 90% baryons (mostly ionized)
e probe the LSS, BAOs, UVB, re-ionization, primordial
abundances
 cosmology

‘Metal” absorption lines

Y

Figure by Joe Liske
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QSO spectrum: emission lines

Broad Emission Line Widths and
guasar continuum luminosities:
black hole masses, accretion rates,
bolometric luminosities (L/L.,,)
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Line studies:
metallicities;
outflows;
feedback
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Broad Emission Line flux Narrow Emission Line Properties, e.g.,

ratios: metallicity estimates, profile shape, strength (EW), peak wavelength,

SED diagnostics asymmetries, etc.: accurate redshifts, nuclear
structure, kinematics (outflows?), SED diagnostics
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Echelle spectroscopy needed
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Spectral resolution

= most in the optical only

= z> 3 sightlines require NIR

wavelength




XQ-100 survey
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= Homogeneous sample of 100 VLT/XSHOOER spectra of
QSOs atz=3.5-4.5

= CD, full spectral coverage 310-2400 nm

= R =6000 (UVB) , 9000 (VIS), 6000 (NIR)

= SNR = 30 (median)

= 100 hours as an ESO LP within Chilean time

Three arms: UVB VIS NIR
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Main science goals (team leaders)

Galaxies in Absorption

* Mgll survey (Lopez)
 DLA survey (Ellison)
CGM | IGM sciemce

e LLS survey (Prochaska)

* Proximity effect (Worseck)
AGN science

IR redshifts (Paris)

* Physical properties of AGN (Hamann)

« Associated absorbers (D'Odorico)
Cosmology

« Matter power spectrum (Viel)
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Galaxies in Absorption

* Mgll survey (Lopez)

 DLA survey (Ellison)

CGM | IGM sciemce signeiggriﬁgin

e LLS survey (Prochaska) dN/dz and flux-
power spectrum
dictates need for
AGN science 100 QSOs

IR redshifts (Paris)

 Proximity effect (Worseck)

» Physical properties of AGN (Hame

» Associated absorbers (D'Odoric .
Cosmology

« Matter power spectrum (Viel)
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Why 3.5<z<4.5

Galaxies in Absorption

* Mgll survey (Lopez)
« 7> 3.5 every

 DLA survey (Elllson)\ QSO contributes

CGM |/ IGM sciemce redshift path of

at least 0.5 for

Mg Il survey in

* Proximity effect (Worseck) the NIR

e 7<4.5 avoids
line crowding in

IR redshifts (Paris) the forest.

* Physical properties of AGN (Ha n)

e LLS survey (Prochaska)

AGN science

« Associated absorbers (D'Odc .co)
Cosmology

« Matter power spectrum (Viel)
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Unique spectroscopic QSO survey

Galaxies in Absorption
* Mgll survey (Lopez)

* DLA survey (Ellison) Combination of

CGM | IGM sciemce
e blind survey

e LLS survey (Prochaska) e high redshift
« Proximity effect (Worseck) « echelle resolution,

: * high S/N
AGN science

« IR redshifts (Paris) clearly a benefit for all
_ _ science goals !

* Physical properties of AGN (Hamann)

« Associated absorbers (D'Odorico)

Cosmology

« Matter power spectrum (Viel)
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Target selection

» Targets selected initially from NED to have z> 3.5and 6 < 15
 APM catalog checked to obtain uniform R magnitudes.

« Some additional targets selected from literature sources.

* Avoid SDSS color bias

XQ-100 sources
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— Data reduction
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sky-subtraction and spectrum extraction.

IDL pipeline (G. Becker) focused on optimized l I
More effective than ESO's v2.5.2 (2014). e § 20 o g 40_50 _ -
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Ongoing research with XQ-100
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Mgll survey (Lopez)

Zhu & Menard 2013

Galaxies in Absorption . . .

" AZhu & Ménard (2013)

° Mg" surve © Matejek & Simcoe (207

 DLA survey (Ellison)
CGM |/ IGM sciemce
e LLS survey (Prochaska)

* Proximity effect (Worseck) : | Magellan/FIRE

(Scaled) Star Formation Rate Density O

AGN science
* IR redshifts (Paris)
* Physical properties of AGN (Hamann)

2 4
z

Strong Mgll traces SFR

» Associated absorbers (D'Odorico)
Cosmology

e Matter power spectrum (Viel)
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Mgll survey

Lopez et al.
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Mgll survey
Lopez et al.
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DLA survey (Ellison)

Galaxies in Absorption

* Mgll survey (Lopez
J y ( P ) Time since Big Bang (Gyr)
+ DLA survey /=t w0y 630 3 2 15 12

) @ GGG (this work) s [Braun 2012 O Noterdaeme et al. 2012

- L ]
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e LLS survey (Proch
* Proximity effect (Worsi

AGN science
* IR redshifts (Paris)

» Physical properties of . Chrighton et al. 2015

Bhee et al. 2013 &  Delhaize ef al. 2008 O Songaila and Cowie 2000

« Associated absorbers Yo 1 2 3 g
Redshift
Cosmology

« Matter power spectrum (Viel)
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XQ-100 R/SNR: blending, abundances
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Cosmic density of neutral gas in DLAs
Sanchez-Ramirez, Ellison et al. (submitted)
(see talk by Trystyn Berg)

Metal abundances in DLAS
Berg, Ellison et al.
(see talk by Trystyn BerQ)

XQ-100, Sebastian Lopez, Rainbows on the Southern Sky, Garching, October 6 2015



LLS survey (Prochaska)

Galaxies in Absorption
* Mgll survey (Lopez)

* DLA survey (Ellison)
CGM |/ IGM sciemce

e LLS survey (rive...._

\. 

* Proximity effect (Worseck)
x2=1.02

AGN science | P(x2) =0.444
oK13R13

* IR redshifts (Paris) | ANI2

o OPBO0O7

* Physical properties of AGN (Hamann)

« Associated absorbers (D'Odorico)

Cosmology

 Significant opacity to ionizing radiation
« Matter power spectrum (Viel) * No proper survey performed to date
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Lyman-limit systems in XQ-100
Ribaudo, Prochaska, O'Meara et al.

Scientific Motivations:
-Mean Free Path (AVFP)
-Estimate of the EUVB
-Probe of galactic halos
4.0 = . -Major reservoir of metals?
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Galaxies in Absorption

* Mgll survey (Lopez)
 DLA survey (Ellison)
CGM | IGM sciemce

e LLS survey (Prochaska)

 Proximity effect (Worseck) Probe high-redshiit and

high-luminosity quasars
AGN science with CIV/Mqgll in one

- IR redshifts (Paris) single sample

* Physical properties of AGN (Hamann)

« Associated absorbers (D'Odorico)
Cosmology

« Matter power spectrum (Viel)
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AGN science (1): Metallicities in the Broad Line Region

Vestergaard, Hamann et al.

: -== Mean 2.7 * Data
-== gl4 -4+~ Errorbars

3.4 3.6 3.8 4.0

Redshift

Wide range of metallicities across the relatively narrow redshift range.
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AGN science (ll):Using XQ100 Sample to probe non-variable flux
in CIV SE Line Emission
Denney, Hamann et al.
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Narrow Associated Lines
Perrotta et al. (in prep)
(see talk by Valentina D'Odorico)

J110352 (z__=3.607) z,_=3.601937

=i
3
=
=
ko
)
“
g
L
o
z

150 300 0 —300 —-150
Velocity (km/s)

XQ-100, Sebastian Loépez, Rainbows on the Southern Sky, Garching, October 6 2015



Matter power spectrum

Galaxies in Absorption

* Mgll survey (Lopez)

 DLA survey (Ellison)

CGM | IGM sciemce

e LLS survey (Prochaska)

* Proximity effect (Worseck)

AGN science

IR redshifts (Paris)

* Physical properties of AGN (Hamann)

« Associated absorbers (D'Odorico)

Lya forest traces

Cosmolo
9y DM fluctuations

« Matter power spectrum (Viel)
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Matter power spectrum
Irsic, Viel et al.

Scales and redshift
not probed before
with ~100 LOS

i" il

z=30 —— BOSS-z=30
z=36  BOSS-z=36
z=40  BOSS-z=4.0
1072
Ekm's
Unigue combination of spectral resolution, S/N, and sample size
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XQ-100 Products
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High-level science data products

\
1. Merged spectra

3. QSO continuum
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SDP nd Phase 3

Three “data collections”
e XQ-100_raw

* Reduced, flux calibrated spectra of the separate UVB, VIS
and NIR arms

« XQ-100_telluric

e Same as above but having telluric correction

« Merged spectra with 3 different continua fitted.

|

Table A.3. Parameters associated to each X0 Su m mary fl Ie
Column  Name For _

1 OBT NAME STRING  Object name
2 RA DOUBLE  Right Ascension in sexagesimnal degrees (J2000)
3 DEC DOUBLE  Declination in sexapgesimal degrees (J2000)
1 FILE NAME STRING  Base of file names
5 Z Qso DOUBLE  Redshift (PCA)
6 ERR ZQ50 DOUBLE  Error on QSO redshift (PCA)
T N 0BS5S SHORT Number of XSHOOTER. observations
8 MJID OBS INT32[3]  Muodified Julian day of the spectroscopic observation
9 SEEING START FLOAT|3| Seeing at the beginning of each spectroscopic observation (in arcsec)
10 SEEING END FLOAT|3| Seeing at the end of each spectroscopic observation (in arcsec)
11 SNR 1700 FLOAT|3] SNR at 1T00A (rest) for each spectrum
12 SNE 3000 FLOAT[3] SNR at 3000A (rest) for each spectrum
13 SNR 3600 FLOAT[3] SNR at 3600A (rest) for each spectrum
14 CALIB FLAG FLOAT|3| Calibration flags (one per XSHOOTER observation)

1- VIS flux-calibrated with a different standard star

2- residual spikes in the TVH

L. apparent {albeit slight) order-to-order fuctuations in the VIS .]_1-( PRI
: 400 2100

8- interrupted exposure

_ 15 COMBINED FLAG SHORT Combined spectrum Hag (1 if combined, 0 if not)
16 COMBINED SNR 1700 FLOAT  SNR at 1700A (rest) of combined spectrum
15 COMIRINEDGY SN SWW FI AT OMNR af MMOMIA (vactY AF cambBinad srmacdt =i WavEIGrI th rH.T.l
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XQ-100 builds on previous NIR spectroscopic surveys
providing the community with a new homogeneous
sample at higher-R and SNR
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