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QUASI-STELLAR OBJECTS

& QSOs discovered in the late 1950’s and early 1960

& Optical spectra was difficult to interpret

& High redshift scenario was initially opposed because
of the energies that have to be involved

& Today, we think that quasars have cosmological
origin with the power source originating from an
accretion disc powering a massive black hole (a case
of AGN)
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ON THE ABSORPTION SPECTRUM OF 1116+12

We have analyzed two spectrograms of the quasi-stellar radio source 1116412,
Schmidt (1966) has derived a redshift of 2.118 from emission lines at 3795 and 4827
which were identified as Ly-a A 1216 and C 1v \ 1549, respectively, We have found on
both plates wide absorption features at 3585 and 4570 A. These absorption features are
tentatively identified as Ly-a and C 1v, respectively, with a redshift of 1.949, In this
Letter we describe briefly the techniques and results of our analysis and, following Bah-
call and Salpeter (1965, 1966), some implications of our tentative identifications,
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ABSORPTION SYSTEMS

Absorber Log N(HI) Signature What is it?

Lya forest [11-175cm2 |Lya 1216 A IGM

CIV system |>14cm=2? CIV 1548 A IGM/galaxy

MgII system |> 17 cm? Mg IT 2796 A |Galaxy halo

Lyman limit |>17.5 cm2 Lyman limit at | Galaxy halo

systems 912 A

Sub-DLA 19 - 20.3 cm? | Weak Lya Halo?Massive
damping wings | galaxy?

DLA >20.3 cm?  |Lya damping |Galaxy
wings

CaIl system |>19 cm=? ? CaIl 3935 A |High density

gas?




ABSORPTION LINES I(v) = Io(v)e ™™

Voigt profile - ( V) = No (V)

EW = / o _Ij*d’\ EWgps = EW,sr X (1+2)

SO\ = Vet N fA NV (em~2)fA(A)

H(a,u) = 1.497 x 107"~ o Hla,u)
N me.c b b(kms—1)
= . 1 .2 . s~ FWHM
7 continuum level P(v) = —=e /0" b= V20 = ——
e
-~
.8 ;
/ line profile 2T
— 2 2 — ' 2
b= \/bthermal + bturbulenl. - m +blurbulent
a2
H(a. u) a /'*"-’C e~V dy
a,i) = , ,
° ﬂ(wz) S (u—y)*+ a®
777 R
wavelength (2)
by I’ c(v — v
Av = —; a = : = ( ): y=uv/b
C 47 Av Vb
Lorentzian profile Gaussian profile YTy . T . .
A g : 1 ' |
% 0.8 | 1 928 ;
N 3 : [ :
2 — - 0.6 - 26 1
3 3 2 : :
§ i E04 k- 41 24F .
. ) : : :
=z 02+ - 22 7
(n) y - (b) :
) = oOfp----- Uee e
. + FEPEF B PP BT P AP PP PN
Frecaeacin, S <P 4860 4870 4860 4870 4850 4800

Wavelength (1) Wavelength (A) Wavelength (4)



W = /(1 — exp|—No(v)])dv
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Relative flux

ABSORPTION LINES
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Relative flux

DAMPED LYMAN ALPHA SYSTEMS

DLA:N>2*10

subDLA: N > 10

LLS:N>10

Ly-a forrest: N < 10

& Hydrogen mainly neutral (precursors of molecular
clouds, stars’ birthplace)

& Used to trace the chemical evolution along the
history of the universe
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DLAS: THE DISTRIBUTION FUNCTION F(X,N)
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DLAS: THE LINE DENSITY OF SYSTEMS (£fp1a)
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DLAS: HI CONTENT AND EVOLUTION (L2¢)
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DLA SURVEYS: HISTORICAL PERSPECTIVE

THE ASTROPHYSICAL JOURNAL SUPPFLEMENT Stxins, 61: 245504, 1586 June
19 The Amercan Askonomscal Society Al fghts seserved Pristed s U S A

DAMPED LYMAN-ALPHA ABSORFTION BY DISK GALAXIES WITH LARGE REDSHIFTS.
I. THE LICK SURVEY

Uiy of e -  Sample: 68 QSOs
DaviD A, TURNSHEX
Space Telexcope Soence [mattute

AND

A by of Caliors e D -~  Motivated by the discovery of 21cm absorption
e e e in 2 of the 3 DLAs known at the date (Wolfe et al,
1981)
& Low resolution (A

c® Criteria: V< 18.5, z

RELATIVE F,

& Search for HI disks:  N(HI) >1.8 x 10
(from radio observations of spiral galaxies)
= EW >5

& 47 features detected (DW are clearly detected in
15 cases and in 11 cases DW are ruled out)

RELATIVE F,

WAVELENGTH (R)



DLA SURVEYS: HISTORICAL PERSPECTIVE

M yrimmepisserenp e -t Sample: 57 (+literature) QSOs

A NEW SPECTROSCOPIC SURVEY FOR DAMPED Lya ABSORPTION LINES FROM HIGH-REDSHIFT GALAXIES! ~ LOW resolutlon (A
KENNETH M, LANZETTAY, ARTHUR M, Wourt®, Davip A, Tursssiex, Livas Lu™,
RICHARD G. MCMARON?, AND CYRIL HAZARD* ..
Received 1990 August 6 aceeped 1991 Morch $ 1) Sample large enough for statistical purposes
& Goals: 2) Zem > Wolfe et al. (1986)
T L ] T T ™71 TrT I ™7 1 ._*‘ | B T I —Y—T——.- v . T—. —_r— ] ) . .
1% | A 1 ; 3) Identify DLAs toward bright radio sources
*; / N\ _ e ERN : S Statistical DLA sample: 125 candidates
100 = ',1 — “i | ’ ~ .*
:7:. } f \\ 1 i - —tnge
\ - b - - - -
ol / \\ | Bl | TS I DLAs are not only HI disks in spiral galaxies
| 1 L ) .
{ }l ) \, 1 L g‘-h;.
[ -, . \\ -' (s,‘ |
17 - oa b o L o L e o b o o a L s a NN .
e e e 7 o e FRE Local star mass density comparable to DLA HI
z log MM 1) [em . . .
density at z ~2.5 = Tracers of the material available
for star formation
-2 LA B B B R L B B n(z) = ny(1 + z)” f(N)=BN"
B N H1 CoLumMN DENSITY
[ N NUMBER DENSITY DISTRIBUTION PARAMETERS INSTRIBUTION PARAMETERS
i ) Sample No ¥ Sample log B 8
Dl ... 0.035 + 0.007 1.2+ 1.7 DI ... 1363 009 1.73£0.29
D2 ... 0.163 + 0,026 03+ 1.4 D2 ... 1233 £ 0,07 1.67 £ 0.19
=
c
071 =005 107%h" (g,=0)
(8p) =
131 0,09 X 107 A" (go=0.5) (n(z)) = 0.16 = 0.03
i 0.79 + 0.14 X 10 A~ (g = 0) {n(z)) =025+ 0.04
- | 1 | (o) =
_4 | 1 | | 1 i 1 1 1 1 1 | ) |

1454025 X107 ™" (g, =0.5)



DLA SURVEYS: HISTORICAL PERSPECTIVE

THE ASTROPHYSCAL JOURNAL, 440435457, 1995 Febraary 20 THE ASTROPHYSICAL Joumaal, 454 698725, 1995 December |
© 1995 Tha Asscricas Avronomical Socikery. AR rghes rossrved Prssed m US A © 1 The Amavicns Asvoncesicul Socery AT sights soserved. Prioond s US A

THE IUE SURVEY FOR DAMPED LYMAN-2 AND LYMAN-LIMIT ABSORPTION SYSTEMS:

EVOLUTION OF THE GASEOUS CONTENT OF THE UNIVERSS THE LARGE BRIGHT QSO SURVEY FOR DAMPED Lyx ABSORPTION SYSTEMS!
Kennernt M. Lanzerrat AxTiHuR M. Wour . .
Astromomy Program. Depariment of Earth and Space Sciencen Stae Universty of New York at Siomy Brook. Sy Beoak. NY 11749-2100; and Departmant of Phyuics, and Custer for Astrophysics snd Spacs Scinces, Usivarsity of Caiorais. Sun Disg, C-1L La Jolla, CA 92003
enter for Astrophiysics and Space Sciences, University of Califorsia, San Diego KENNETH M. LANZETTA
AxmHur M. WoLre Astronomy Program, Suate University of New York, Stony Brook, NY 11794
Conter for Astrophysics and Space Sciemces, University of Cabornia, San Diego, CASS 0111, 9400 Gidmas Drive, La Jolla, CA 920930111 AND
AND CratG B. Fourz ano Freossic H. Cuamas
Davip A, TURNSHEK University of Arizona, Meltsple Mirror Telescope Observatory, Tucson, AZ 85721
Department of Physics and Astronomy, Lum:yanmnmrum Recelved 1995 March 16; accepeed 1955 June 14
Received 1993 Apeil 15 accepted 1994 Septem
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°° ] 2 6 4 °° ; = 2 ‘ .0 : : ; . * ' s 3
- -
=S Sample: 260 (+literature) QSOs & Sample: 228 (+literature) QSOs - }\‘ + X {1
o o i
. \\ E .
~® Low resolution (A ® Low resolution (A - T - ”‘N .
N \ - o
. h d R --.r—n:-:’trkn. W
-  Firstlow-z survey (0.008 <z < 1.55) -~ High N systems decrease
when z decreases
& Closed box assumption is incorrect

& Density evolution due to gas
consumption by star
formation




MODERN DLA SURVEYS AND IDENTIFICATIONS

B Low redshift
& Zwaan et al. (2005)

& Rao et al. (2006)
e High redshift

o Intermediate redshift

8 Storrie-Lombardi et al. (1996)

& Ellison et al. (2001)
& Storrie-Lombardi & Wolfe (2000)

& Prochaska et al. (2004, 2005)
& Peroux et al. (2001, 2003)

& Noterdaeme et al. (2009, 2012)
& Guimaraes et al. (2009)

-~  SubDLAs ~~  Sanchez-Ramirez et al. (2014, in prep.)

& Peroux et al. (2005)
& O’Meara et al. (2007)

& Zafar et al. (2013)



MODERN SURVEYS AND IDENTIFICATIONS
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APM Z = 4 QSO SURVEY: SPECTRA AND INTERVENING ABSORPTION SYSTEMS
L. J. Storrm-Lomparpt' AND R. G. MCMAHON
Institute of Astronomy Madingley Road, Cambridge CB3 O0HA, UK ; lisa ociwiiledu; rgm@ast cam.ac.uk
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SURVEYS FOR z >3 DAMPED Ly« ABSORPTION SYSTEMS: THE EVOLUTION OF NEUTRAL GAS'
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MODERN SURVEYS AND IDENTIFICATIONS

To: Astososacar Joumsar, 121:1799- 1520, 2001 Apei ALA 379, 393 406 (2001) Astronomy
© 2000. The Ameticun Astroncesicd Socety. Al tights roerved. Pristed is USA DOT: 10,1051 /0004-63612001 1281
© E80 %001 Astrophysics

ABSORPTION SYSTEMS IN THE SPECTRA OF 66 z =24 QUASARS

,mmdm‘umgﬂmkmummm‘ The CORALS survey I: New estimates of the number density
Lisa J. STORRIE-LOMBARDI and gas content of damped Lyman alpha systems

SIRTF Science Center, California Institute of Technology, MS 100-22, Pasadena, CA 91125

P
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Institute for Astronomy, R Observat ﬂMw.quH Edinburgh EH9 3HJ, England, UK
- e, oy =p——_ oy o Sample: 66 (+literature) QSOs
gl — oo e et 1 & Intermediate resolution (A
! ’ & No dust bias in DLA samples
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A - q.0 =05  H.0 = 65 km/s/kpe
. —— -

e Sample: 66 (+literature) QSOs

-~  Intermediate resolution (A -as} )

o EW method




MODERN SURVEYS AND IDENTIFICATIONS

Prmixcarions or Tie Astronostcat Sociery or e Pacine, 116:622-633, 2004 Jady T Asreortvncas Jouena, 635123 142, 20085 Decemsber 10
The Sloan Digital Sky Survey Damped Ly« Survey: Data Release 1 THE SDSS DAMPED Lya SURVEY: DATA RELEASE 3
Jason X, Procraska and Stimiane Hersert-ForT
JasON X. PROCHASKA AND STEPHANE HERRERT-FORT Department of Astronomry nd Astrophysics, UOO/ Lick Obsenaiory, Usiversity of California, 1196 High Street,
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Armivr M. Woum
Department of Physics, and Center for Astophysics and Space Scemces, University of Calformia st Sam Diego,
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Received 2005 Februay 19 accepted 2005 Augaot 15
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MODERN SURVEYS AND IDENTIFICATIONS

A&KA 508, 133-140 (2009
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© £S0 2009 Astrophysics
Damped and sub-damped Lyman-a absorbers in z > 4 QSOs*** 5
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AXLA 505, 10871098 (2009)

MODERN SURVEYS AND IDENTIFICATIONS

DOL: 10.1051/0004-6361/200912768
© ESO 2009

Evolution of the cosmological mass density of neutral gas
from Sloan Digital Sky Survey Il - Data Release 7*

Astronomy

Astrophysics

P. Noterdaeme', P. Petitjean®, C. Ledoux’, and R. Srianand'
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DOI: 10,1051/0004-6361/201220259
©ESO 212 Astrophysics

LerTer o e Eormos

Column density distribution and cosmological mass density
of neutral gas: Sloan Digital Sky Survey-lll Data Release 9*

P. Noterdacme', P. Petitjcan', W. C. Carithers®, 1. Pénis®, A. Font-Ribera™, S. Bailey’, E. Aubourg®, D. Bizyacv®,
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SUBDAMPED LYMAN ALPHA SYSTEMS

A&A 556, A141 (2013) stronomy
DOL: 10.1051)0004-6361/201321154 Statstical EUADP
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(This work)
The ESO UVES advanced data products quasar sample e
. . . (Pérwas of al 2005a,
Il. Cosmological evolution of the neutral gas mass density* 200%; O'Mesea et sk
; 200
T. Zafar', C. Péroux', A. Popping®, B. Milliard’, J.-M. Deharveng’, and S. Frank'”
1005 T T T T T
3 .:)_, | -
L “,o.“ Prochaska et al. 2010 o
140 - - Xim et al 13+
OMearn of al. 2007 — e L o Combined sub-DLA |
!IIO Percux ot ol. 2006 -~ —~— -16 N
Peroux ot ol 2000 == -
g:oo Combined wud-DlA — i "\\\{\\ 1
[ ] % L » 4
3 9 - “
5 w E -20 \- — =
! ‘o o g
g : %\\ ‘
N = » -
0 L. <2z>~3 \ |
% 0 -5 Lya forest L us s tlas s
L N N N ) "5t
3” 12 AAu ‘mA‘ w‘ ’ A‘ae
; " log Ny (em™)
£
= 0 TrTTrTTTTTTTTTTYTTYTY BRI e e i
1 . This work -
i Noterdaeme el al. 2012
P - Lah et al. 2007
- :m h:o:rw } Rao et al. 2008
- Braun 2012
i
{Z w
c 1 — -
_g8)- 181 <x<oO0 S L 4
19 21 22
log Ny (em™)
AlllllllllllllllllllllllIlllAlllllllllllll‘lllll‘lllllll
0 1 2 3 4 5

Redshift



QUASARS AND THEIR ABSORPTION LINES: A
LEGACY SURVEY OF THE HIGH REDSHIFT UNIVERSE

X-shooter Large Programme

http:/ /adlibitum.oat.ts.astro.it/dodorico / Xshooter_LP / Abstract.html

& UVB: 3000-5600

& VIS: 5500-10200

~® NIR: 10200-24800
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QUASARS AND THEIR ABSORPTION LINES: A
LEGACY SURVEY OF THE HIGH REDSHIFT UNIVERSE

http:/ /adlibitum.oat.ts.astro.it/ dodorico / Xshooter LP/Abstract.html

X-shooter Large Programme

The aim of this LP is to assemble a legacy dataset of 100 z > 3.5 QSO spectra observed with X-shooter at the ESO VLIT.

No Object name Rodchét  Mag Mgh Res  Sueus No Otject name Redzh®  Mag MohRec  Status
1 SDSS J01347.204065016.6 370 APM_R=18.4, m18.0 N oss 51 BRI2N3ET0 447 APM_R=18.8 Y ces
2 SOSS J01818.45:0648228 as2 APM_R=18.1,=18.8 N oas 2 BRJ2349ST12 a2 APM_R=18.7 N ces
3 SOSS J102040.62+002264.2 384 APM_Re18.0,=18.4 N o8ss 53 [HS89) 0000-263 401 NED=18.7 Y ces
4 COSS J102466.61+181008.7 353 APM_Ret7.0 Bl oes 54 BRJ000S-6208 448 NED«18.3 R«10.3 Y o8s
6 CODSS J103221.114002748.0 390 APM_Rat7 0, r«18.8 Bl oss 66 BRJ0030-6120 417 R«18.6 N o8s
6 BR 10330327 451 APM_Ra18 5 N 56 PSS J003441630 4N R_APM=18.0 N 08s
7 SDS3 JI03446564+1102145 427 APM_Ra182, ra18.9 N 67 SDSS J004210.74-102000.4 388 APM_Re182 r=18.7 N 08s
8 SDSS J103732.384070426.2 410 APM_Re183,r=18.6 N 68 BR0035-26[B5 J0048-2442) 416 NEDw18.0 N oas
0 SDSS J103730.334213531.3 363 APM_Ret7.7 N 50 (880) 0063-284 e NED=18.3 N oas
10 SDS3 J104234.0141067186 384 APM_Ra18 1 N 60 (M880) 0056-260 368 NEDw17.1 Y cas
11 SDGS J105434.174021651 0 397 APM_Ra180, r«18.8 N 08s 61 PMN J0100-2708 382 Re18.7 N o=
12 SDSS J105706.37+101042 8 4.10 APM_Ret7 9, ra18.7 N ©8s 2 8R20113-2803 430 R«18.7 N ces
13 SDSS J105858 384124564 .0 433 APM_Re17.6, V=18 N 63 PSS J0117+1662 424 Val8 8 N css
14 SDSS J110362.734+100403.1 361 APM_R18.6,r=18.7 “ 84 PSS J012140347 413 Re18.3, Va17 9 Y ces
16 SDSS J111008.614024468.0 412 APM_R=17 6,r=18.3 N o8BS 656 SDSS J012440044 384 APM_Rat7 67 1=17.0 Y 08s
16 SDSS J110866.474120063.3 387 APM_Re18.4,r=18.6 Y 66 PSS J013241341 4.16 R_APM-18.6 N o8s
17 SDSS J111701.804131116.4 362 APM_R=18.3,r=18.4 N 67 PSS 013340400 416 R_APM.18.4 Y 083
18 SOSS J112617.40-012652 6 361 APM_R=18.7 r=18.0 N o8s 68 BRI 20137-4224 a7 NED»18.48 Y oas
10 SOSS J112634.28-0124360 374 APM_R=18.5, m10.0 N B8R 60 SOCS J016330.60-001104.8 410 APM_R=18.0,m=18.0 N oas
20 SOSS J113536.404084218.0 383 APM_Rw18.9,rw18.3 N 70 PSS 021141107 308 APM_R=182 N ces
21 pBS0) 11604123 354 APM_Rwt7.3,w17.4 Y oas 71 PMN J0214-0518 am APM_R=18.4 N ces
22 SOSS J120210.08-006426.4 350 APM_Re186 Bl oss 72 BRJ0234-1806 431 NED=18.8 N ces
23 SOGS J124837.3141304200 a2 APM_R=18.1,m18.6 N oss 73 BSR0241-0148 405 APM_Rut7 8 Y o8s
24 SOSS J124067.23-0160288 383 APM Rt 7 6,m17.6 Y TBR 74 BRO245-0608 424 NED=18.6 Y 08s
26 SOCS J130452.6740230248 386 APM_R=18.6,=18.4 Nl oes 76 PSS 024841802 442 APM_Rat7.7 Y 08s
26 SOCS J131242.874084106.1 374 APM_Re18.4,r=18.6 N oss 76 SDSS J026618.674004847 .4 4.01 APM_R=18.3,r=10.0 Y 08s
27 2MASS J1320200-052335 370 APM_R=17 8 Y osc 77 BRI0MOT-4045 472 NEDw18.8 Y oas
28 SDS3 J132346.05+140517 6 404 APM_R=18 8, r«10.0 N o8BS 78 BRI0S11-1722 404 APM _Rmt7.7 N oas
20 BRJ1330-2622 306 APM_R«18 5 Y o8BS 70 BRO401-1711 423 NED=18.7 Y ces
30 SDS3 J133264.61+0052606 351 APM_Ra18 4,r=18.3 Y TBR 80 BRJ0415-4357 407 NED=18.8 N ces
31 SDS3 J135247.08+130311 56 370 APM_Ra18 4,ra18.2 N TBR 81 BRO0424-2200 432 NED=17.0, no APM Y ces
32 SDSS J133663 444024338 1 380 APM_Ra18 6,a18.7 N 0B8S 2 BRO0523-3346 441 APM_R«18 4 N oss
33 SDSS J140140244 444 APM_Ra18 4, r=10.0 N 0Bs 83 BRJ0620-3562 417 APM_R«18 3 N 08s
34 PXSB1418-084 3680 R=18.6 Y 0B8s 84 BRJI0G20-3526 a4 NED-18.0 N 08s
35 SDSS J141608.30+181144.0 350 APM_R-182 N 08s 86 BRJOT14-8456 4.46 APM_R-18.3 N 08s
38 SDSS J144260.124002001 6 3563 APM_Re172,r=17.6 N 0B8s 86 SODG3 JOT4711.164273003 3 417 APM_Rat7 2r=186 Y ces
37 SDSS J1446 40058 362038 179 Y o8BS 87 SDSS JOTE562 4141345511 367 APM_Ra1881=18.6 N TER
38 SDSS J160328.884041060.0 366 APM_R=18.0,r=18.1 N TBR 88 SDS3 JOSD050.27+102058 0 308 APM_Ra183, 200 N
30 SDSS J161766.184+061103 5 356 APM_R«18 3 N 0BS 80 SDSS J0818566.78+005848.0 367 APM_Rat77 117 9 N 08s
40 SDSS J162436.084+212300.1 361 APM_Re17 3 N TBR Q0 SOSCS JOB3322 6040060412 376 APM_R-186r-18.8 N o8s
41 SDSS J154237.7140065658 8 390 APM_Re182, re18.0 N 0B8S 91 SDSS J0835610.024068062 8 3w APM_R=18.0,r=18.6 N 08s
2 SDSS J166266.03+100638.3 373 APM_R«186, r=18.0 N TBR 02 SOSS J083041.454031817.0 426 APM_Ret7 9, =180 N oas
43 SDSS J1621-0042 3.70 APM_R=17.7 r=17.3 Y TBR 03 SOSS J002041. 7640726440 384 APM_Rn186.rm18.6 N
44 SOSS J163310.6341411420 433 APM_R=18.7r»10.0 Y oag 94 SDS3 JOO3566 914002266 8 376 APM_Ra17 Bra1B7 N ces
46 CGRaSS J1668-0750 374 Re18.7 N TER 05 SDSS J003714 484082868 8 370 APM_Ra18.2a187 N
48 PSS J172342243 462 R.18.2 N 08S 08 BRI0062:0116 443 NED=187 Y
47 BR2212-1626 3N APM_R=18.1 Y TBR Q7 SDSS J00SA37 1141312164 408 APM_R«16.0 N
48 2MASSI J2230536-0662190 456 APM_R«18.3 Y 08s 08 SDS3 J10634076+0103356 8 366 APM_Ra10.1 7185 N ces
40 BR2248-1242 418 APM_Re186 N o8s 0 BRI 1108.0747 392 APM_Ra18.8, NED«18.1 Y oes
50 PGS J234440342 424 APM_R«182 Y TER 100 SDSS J133150 60+101620.4 386 APM_Ra18.8r«186 N 0Bs
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The aim of this LP is to assemble a legacy dataset of 100 z > 3.5 QSO spectra observed with X-shooter at the ESO VLIT.
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® Pipeline based on George Becker’s code

& Developed some scripts do the job automatically (homogeneous
reduction)

& Velocity bins = UVB: 20 km/s VIS: 11 km/s NIR: 19 km/s

& ~3 pix per resolution element
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