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how to get information about the IGM/ISM

Fox et al 2005

 metallicity;

 temperature;

 number density;

 cloud size;

 a shape of the spectrum;

Determination of physical
conditions in clouds observed in
absorption and characteristics
of external radiation

modelling of the ionic composition is always based on equilibrium:
photo or collisional



EQ

HS1700+6416

Simcoe et al 2006: simple CLOUDY



EQ or NEQ?

Equilibrium of Evolution?

Wiersma  et al 2009

cooling time
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ionic composition of astrophysical plasma: EQ or NEQ

equilibrium evolution

Gnat & Sternberg 2007

more ionized gas in the NEQ

recombination lag



ionic composition of astrophysical plasma: metallicity

dependence on metallicity

Gnat & Sternberg 2007

higher metallicity is faster evolution (more efficient
cooling), than NEQ effects (recombination lag) increase



ionic composition of astrophysical plasma: density

dependence on gas density for photoEQ

Yoshikowa & Sasaki 2004



ionic composition of astrophysical plasma: EQ or NEQ

dependence on gas density for photoNEQ

EV et al 2010



not in scale

metals in the IGM/CGM/ISM: an observational example



impact
parameter

not in scale
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metals in the IGM/CGM/ISM: an observational example: extremely extended OVI



Tumlinson et al 2011

metals in the IGM/CGM/ISM: an observational example: extremely extended OVI



Tumlinson et al 2011

log N(OVI) ~14.2 – 15.1

for star-forming galaxies
too much OVI/oxygen

metals in the IGM/CGM/ISM: an observational example: extremely extended OVI



Tumlinson et al 2011

bounded with the host galaxy

metals in the IGM/CGM/ISM: an observational example: extremely extended OVI



OVI fragility

OVI

metals in the IGM/CGM/ISM: contribution from NEQ

VIII II VIII



 the ionization and thermal evolution of gas (in a lagrangian element):
nonequilibrium (time-dependent) ionization kinetics for H, He, C, N, O, Ne, Mg, Si, Fe and self-
consistent cooling and heating rates;

 a power-law SFR: SFR(t) = Mg
p
1/p2;

 the galactic halo gas exposed to the cumulative galactic and
extragalactic ionizing radiation:
the extragalactic spectrum: Haardt & Madau (2001) spectra;

the UV galactic spectrum was calculated using the PEGASE code (Fioc & Rocca-Volmerange 1997);

the X-ray galactic spectrum calculated using the "LX - SFR'' relation (Gilfanov etal 2004);

the galactic part of the spectrum being attenuated by the underlying neutral gas with
NHI = 1020 cm-2, NHeI = 1019cm-2

metals in the IGM/CGM/ISM: implications: circumgalactic OVI



not in scale

metals in the IGM/CGM/ISM: an example



Feldman  et al 2012

 the number density ~10-4 cm-3 at
distances ~50-300 kpc (Feldmann etal
2013)

 we start at z=2 (the lookback time is
around 10 Gyrs)

 the initial gas ionic composition and
temperature are set to the ones
corresponding to photoequilibrium in gas
exposed to the extragalactic Haardt &
Madau spectrum at z=2

 the spectrum is changed in time

 the gas metallicity ranges from
10-2 to 0.1 solar

metals in the IGM/CGM/ISM: a model



attenuation
due to

galactic disk

bump due to
stellar contrib.

the bump is responsible for OV photoionization

gives higher OVI fraction

metals in the IGM/CGM/ISM: implications: circumgalactic OVI



break

stellar pop codes
(PEGASE and STARBURST99)

give spectra up to 91 Å (136 eV)

???

OV –> OVI –>  OVII –>   OVIII

113.9 138.1 739 eV

metals in the IGM/CGM/ISM: implications: circumgalactic OVI



break

stellar pop codes
(PEGASE and STARBURST99)

give spectra up to 91 Å (136 eV)

low flux at E>130 eV !!!

OV –> OVI –>  OVII –>   OVIII

113.9 138.1 739 eV
significant decrease

Rauch 2003
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max[f(OVI)] ~ 0.6
our

EQ

or

table

decrease the oxygen mass (at least) in 2-3 times
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for 1/10 of solar metallicity gas
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impact
parameter

not in scale
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Feldmann etal 2012



Tumlinson et al 2011

decrease the oxygen mass (at least) in 2-3 times

max[f(OVI)] ~ 0.6; f(OVI) [b<130 kpc] >
0.2

for 1/10 of solar metallicity gas

log(OVI) ~14.5 – 15.3 cm-2

for 1/100 of solar metallicity: logN(OVI)
~12.9 – 14.2 cm-2
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Tumlinson et al 2011

in EQ !!!

in NEQ !!!
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Mgas (r<300 kpc) ~ 3x1010 Msun at low z
HI measurements (Prochaska etal 2011)

Mgas (in CGM) ~ 4x1010 Msun

in SF galaxies at z = 2-3 (Steidel etal 2010)

Z/Zsun     Moxygen

1 ~ 2x108 Msun

1/10 ~ 2x107 Msun
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Mgas (r<300 kpc) ~ 3x1010 Msun at low z
HI measurements (Prochaska etal 2011)

Mgas (in CGM) ~ 4x1010 Msun

in SF galaxies at z = 2-3 (Steidel etal 2010)

1 solar mass of SFR gives
0.015 solar mass of oxygen

Mass of oxygen ~

6 Msun/yr  x 200 Myr x 0.015  ~ 2 x 107 Msun

outflows:

~100 km/s x 1 Gyr ~ 100 kpc

gas metallicity
reaches ~ 1/10 solar

at ~400 Myr

Z/Zsun     Moxygen

1 ~ 2x108 Msun

1/10 ~ 2x107 Msun
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