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OUTLINE:  LECTURES 

 1.    Physics of Lyman-alpha and its cosmological relevance 

2.     Lyman-alpha and fundamental physics 

3.     IGM/galaxy interplay 



    SIMULATING     GALACTIC  
      WINDS 

Review on GWs: Veilleux, Cecil, Bland-Hawthorn 2005   



Local galactic winds  M82 optical and infra-red 

Galactic winds –I   Local galactic winds  M82 X-ray 



Galactic winds –II : Energy driven winds   

Numerical modelling Springel et al. 03 





Galactic winds –II : Momentum driven winds   

Modelling in Murray et al. 05 



Galactic winds: hydro   

Flux 

Temp. 

Dens. 

Log Temp Log overdensity 

Theory: Galactic winds 

 do they destroy the forest ? 

Theuns, MV, et al, 2002, ApJ, 578, L5 



Feedback effects: Galactic winds and HI  

Line widths distribution 

Column density distribution function 



Metal enrichment CIV systems at z=3  
Strong Feedback ε=1 ---- Role of the UV background 

Soft background ---- Role of different feedback 	

e=1  e=0.1 

Mori, Ferrara, Madau 2000;  
Rauch, Haehnelt, Steinmetz 1996;  
Schaye et al. 2003 

e=0 



Springel & Hernquist 2002,2003 



Observations: the POD technique  
Aguirre,Schaye, Theuns, 2002, ApJ, 576, 1 
Cowie & Songaila, 1998, Nature, 394, 44 
Pieri & Haehnelt, 2004, MNRAS, 347, 985 

Pixel-by-pixel search using higher order transitions 



Observations: the POD technique-II  

Schaye et al., 2003, ApJ, 596, 768 

NO SCATTER IN 
THE Z-ρ relation 

SCATTER IN 
THE Z-ρ relation 

Good fit to the median but not for the scatter 



Schaye, Aguirre et al. 2004,2005 

Adelberger, Steidel et al. 2003-2006 

Lyman-break galaxies proximity effect 
(and galaxy-metals connection) 

UV background and metallicity 
 POD technique and proximity -IV 



Aguirre et al. 2006 

Oppenheimer & Dave’,  2007 
Dave’ & Oppenheimer, 2009 

SIMULATIONS’ PROBLEM: 
ENRICHED GAS IS 
 1) TOO HOT 
 2) NOT DENSE ENOUGH 
 3) TOO INHOMOGENEOUSLY DISTRIBUTED 

PROBLEMS ALLEVIATED ?? 
NEW KEY INPUTS: 

  metal line cooling 
  Vel wind ~ σ galaxy x lum. factor 

 Still problems from simulations? 

Energy driven 

Momentum driven 



Porciani & Madau 2005 

EARLY METAL ENRICHMENT at z>6  
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When did the IGM become enriched – I ? 



When did the IGM become enriched – II ? 

Adelberger et al. 2005 



Perspectives - I  

Exploring the parameter space… 

(multi fitting as many observables 
As possible SFR, HI evolution, CDDF…) 

cw : costant speed wind 
mw: momentum driven 
nw: no wind 



Perspectives -II  …with motivated chemodynamical models 

Kawata & Rauch 2007 



Perspectives - III  
WARM GAS                                                      WHIM GAS 

Tornatore, Borgani, Viel, Springel 2009 



Tescari, MV, Tornatore, Borgani, 2009 

Weak Winds 

Strong 
Winds 

Momentum 
driven 
winds 

Galaxies/IGM: simulating galactic winds (HI) 



D’Odorico, Calura, Cristiani, MV 2010 

Galaxies and the IGM: cosmic evolution of the CIV 

Tescari, MV, D’Odorico, Cristiani, Calura, Borgani, Tornatore 2011 



Galaxies and the IGM: HI and CIV CDDFs 

Effect of UVB also very important (see Nagamine, Choi, Yaijima, 2010) 



Galaxies and the IGM: low redshift evolution and feedback 

Tornatore, Borgani, Viel & Springel 2010 

(see also Barai et al. 2010) 



Galaxies and the IGM – VIII: IGM metallicity 

Booth et al. 2010 
Schaye and co-workers 

Nagamine and co-workers 
Hong et al. 2010, 
Cen et al. 2010, 
Dave’ and co-workers, 
Tescari, MV et al 09, 10 



Galaxies and the IGM – VI: observational results 

Adelberger et al. 2005     

Background QSOs and foreground galaxies  

Steidel et al. 2010     

Background galaxies and foreground galaxies  

Observational support for galacitc outflows at high redshift 



Rakic et al. 2011 

679 
Galaxies 

15 
QSOs 



SUMMARY ASTROPHYSICS 
-  Mechanism of metal enrichment of the IGM still unclear 
  metals in the simulations are too hot and too clumpy compared to observations  

-  Progress could be made by cross-correlation studies of IGM/galaxies 
   and observations of wind signatures in QSO pairs 

-  Nature and intensity of the UV background (not discussed here)  somewhat 
  clearer 

- Insights from ISM community   




