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QUASI-STELLAR OBJECTS

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

n Optical	  spectra	  was	  dif<icult	  to	  interpret	  

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

n 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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DAMPED LYMAN ALPHA SYSTEMS
n DLA:	  N	  >	  2	  *	  10

n subDLA:	  N	  >	  10

n LLS:	  N	  >	  10

n Ly-‐a	  forrest:	  N	  <	  10

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

n Used	  to	  trace	  the	  chemical	  evolution	  along	  the	  
history	  of	  the	  universe	  



DLAS: THE DISTRIBUTION FUNCTION F(X,N)

Number of DLAs in the intervals (N, N+dN) and (X, X+dX)



DLAS: THE LINE DENSITY OF SYSTEMS ( ℓDLA)



DLAS: HI CONTENT AND EVOLUTION (ΩG)



DLA SURVEYS: HISTORICAL PERSPECTIVE

n Sample: 68 QSOs	


n Motivated	  by	  the	  discovery	  of	  21cm	  absorption	  
in	  2	  of	  the	  3	  DLAs	  known	  at	  the	  date	  (Wolfe	  et	  al,	  
1981)	  

n Low	  resolution	  (∆

n Criteria:	  V	  ≤	  18.5,	  z

n Search	  for	  HI	  disks:	  	  	  	  	  N(HI)	  >	  1.8	  ×	  10
(from	  radio	  observations	  of	  spiral	  galaxies)
⇨	  EW	  >	  5

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



n Sample: 57 (+literature) QSOs	


n Low	  resolution	  (∆

n Goals:	  	  	  

n Statistical	  DLA	  sample:	  125	  candidates	  

n DLAs	  are	  not	  only	  HI	  disks	  in	  spiral	  galaxies	  

n Local	  star	  mass	  density	  comparable	  to	  DLA	  HI	  
density	  at	  z	  ~2.5	  ⇨	  Tracers	  of	  the	  material	  available	  
for	  star	  formation	  

DLA SURVEYS: HISTORICAL PERSPECTIVE

1)	  Sample	  large	  enough	  for	  statistical	  purposes	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2)	  zem	  >	  Wolfe	  et	  al.	  (1986)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3)	  Identify	  DLAs	  toward	  bright	  radio	  sources



n Sample: 260 (+literature) QSOs	


n Low	  resolution	  (∆

n First	  low-‐z	  survey	  (0.008	  ≤	  z	  ≤	  1.55)	  

n Closed	  box	  assumption	  is	  incorrect	  

DLA SURVEYS: HISTORICAL PERSPECTIVE

n Sample: 228 (+literature) QSOs	


n Low	  resolution	  (∆

n High	  N	  systems	  decrease	  
when	  z	  decreases	  

n Density	  evolution	  due	  to	  gas	  
consumption	  by	  star	  
formation



MODERN DLA SURVEYS AND IDENTIFICATIONS
n Low redshift	


n Zwaan	  et	  al.	  (2005)	  

n Rao	  et	  al.	  (2006)

n Intermediate redshift	


n Ellison	  et	  al.	  (2001)	  

n Prochaska	  et	  al.	  (2004,	  2005)	  

n Noterdaeme	  et	  al.	  (2009,	  2012)

n High redshift	


n Storrie-‐Lombardi	  et	  al.	  (1996)	  

n Storrie-‐Lombardi	  &	  Wolfe	  (2000)	  

n Peroux	  et	  al.	  (2001,	  2003)	  

n Guimaraes	  et	  al.	  (2009)	  

n Sánchez-‐Ramírez	  et	  al.	  (2014,	  in	  prep.)
n SubDLAs	


n Peroux	  et	  al.	  (2005)	  

n O’Meara	  et	  al.	  (2007)	  

n Zafar	  et	  al.	  (2013)



MODERN SURVEYS AND IDENTIFICATIONS

n Sample: 40 (+literature) QSOs	


n Intermediate	  resolution	  (∆

n High-‐z	  survey	  (3.2	  ≤	  z	  ≤	  4.694)	  

n Ω★	  

n Sample: 26 (+literature) QSOs	


n Intermediate	  resolution	  (∆

n First	  high-‐z	  survey	  (2.8	  ≤	  z	  ≤	  4.4)	  

!



MODERN SURVEYS AND IDENTIFICATIONS

n Sample: 66 (+literature) QSOs	


n Intermediate	  resolution	  (∆

n EW	  method	  

n Sample: 66 (+literature) QSOs	


n Intermediate	  resolution	  (∆

n No	  dust	  bias	  in	  DLA	  samples	  



MODERN SURVEYS AND IDENTIFICATIONS



MODERN SURVEYS AND IDENTIFICATIONS



MODERN SURVEYS AND IDENTIFICATIONS



SUBDAMPED LYMAN ALPHA SYSTEMS



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

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

n UVB:	  3000-‐5600

n VIS:	  5500-‐10200

n NIR:	  10200-‐24800

X-‐Shooter,	  VLT	  (UT3),	  Paranal	  Observatory,	  Chile

X-shooter Large Programme

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


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

http://adlibitum.oat.ts.astro.it/dodorico/Xshooter_LP/Abstract.htmlX-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 VLT.

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


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

http://adlibitum.oat.ts.astro.it/dodorico/Xshooter_LP/Abstract.htmlX-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 VLT.

n Pipeline	  based	  on	  George	  Becker’s	  code	  

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

n Velocity	  bins	  ⇨	  UVB:	  20	  km/s	  	  VIS:	  11	  km/s	  	  NIR:	  19	  km/s	  	  

n ~3	  pix	  per	  resolution	  element

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


QSO X-SHOOTER LP: DLA SURVEY#
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QSO X-SHOOTER LP: DLA SURVEY#



QSO X-SHOOTER LP: DLA SURVEY#



QSO X-SHOOTER LP: DLA SURVEY#

n 31 DLAs	


n 5	  proximate	  DLAs	  

n 13	  multiple	  DLA	  systems

n 18 subDLAs



QSO X-SHOOTER LP: DLA SURVEY#



GRACIAS!!!!


