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Multi-wavelength view of a local starburst
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Ostlin et al. (2009)

ESO 338-1Go4
Ha traces instantaneous
star formation (~10 Myrs.)

— X Number rate of ionizing
photons

UV luminosity has a longer
timescale (~1200 Myrs.)

Lya is produced like Ha, but
is observed in a diffuse,
extended component

— Outflows
— Resonant scattering



Nebular emission lines as
astrophysical tools

Tipically,

* Star-formation rate
indicators (mostly Ha)
* Metallicity Diagnostic
(R,,, O3N2,...)
e Discriminate between star-

forming galaxies and AGNs
(BPT diagram)

* Very high redshift galaxies
(LAEs)
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Nebular emission lines as
astrophysical tools
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Nebular emission lines as

astrophysical tools

Tipically,

* Star-formation rate
indicators (mostly Ha)
* Metallicity Diagnostic
(R, O3N2,...)
* Discriminate between star-

forming galaxies and AGNs
(BPT diagram)

* Very high redshift galaxies
(LAEs)
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Nebular emission lines as
astrophysical tools

o C 1()_4 F v T

Tipically, 233,
» Star-formation rate PR IS

indicators (mostly Ha) Z o
* Metallicity Diagnostic 3 |

(R,,, O3N2,...) 2 : ‘

e Discriminate between star-
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* Very high redshift galaxies
(LAEs)

Ouchi et al. (2010)



Nebular lines define a galaxy population

Tipically,

Star-formation rate
indicators (mostly Ha)

Metallicity Diagnostics
(R,,, O3N2,...)
Discriminate between star-

forming galaxies and AGNs
(BPT diagram)

High redshift galaxies
(LAEs)
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Other properties

Alternative SFR indicators?

— [O11A3727
— [O 1ll] A5007
— [Cl]A 258 um
— [NI]A 205 um

Typical stellar masses, ages,
halo masses?

Tracers of massive
structures?

Large scale structure?

Lya line profile properties?



Emission line production in galaxies

Hot, massive stars ionize their
environment

oy _ [ Ly
Q(H)—/V ﬁdl/

0

Recombination and collisional
excitation radiation triggered by
photoionization

Hydrogen recombination lines
directly related to Q(H°):

eff

L(Ha) = 2Hapyy Q(HO)

QB

* MAPPINGS-IIl code computes
photoionization that leads to the production
of emission lines

* Emission line properties are characterized
by 2 parameters:
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The ionization parameter

Nagao, Maiolino & Marconi (2006)

* Thereis evidence that a constant g cannot
reproduce the relation found between
line ratios and metallicity)

» Stellar winds and atmospheres are more

opaque to ionizing photons when metal abundances
high (Dopita et al., 2006)

* Nagao et al. (2006):
* lonization parameter increases as
metallicity decreases by 0.7 dex

* We choose to relate both quantities by making
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Semi-analytical models of Galaxy
formation
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log(dn/dL / AL [h*Mpc™])

Nakamura+04, z=0.05 4 Ly+07,z=0.24 % The Ha IUmanS|ty functlon at
' i ! 0<7<2.2

» All different model variants
predict the same Ha luminosity

z=0.20
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* Model consistent with obs.

* Ha clean tracer of SFR
* Model predicts correct star
Sobral+12, z=1.47 % Geach+08, z=2.23 %

1k {1 Hayes+10,7=2230 ] formation histories
> c‘ l ,Z:223 A

_4 L . ) : . . . . ‘En .
38 39 40 41 42 43 44 38 39 40 41 42 43 44

log(Lylerg s h'z])




......... T T TTTTT T T T T T T[T

Ly et al. (2007), z=0.89 %

Ly et al. (2007), z=1.19 %

Ly et al. (2007), z=1.47 %
Sobral et al. (2012),z=147 A
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Constant ionization parameter
fails to reproduce the [O Il] and
[O I11] Luminosity functions

High and low ionization
parameter
result in opposite trends.
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log(dn/dL / AL [h°Mpc™])

Ly et al. (2007), z=0.89 %

Ly et al. (2007), z=1.47 %
Sobral et al. (2012),z=147 A

o

& ‘ ]

ol

7z=1.43

A , , |
40 41 42 43 44

lOg(L[o 1] lerg s h-z])

log(dn/dL / AL [h*Mpc™))

44 T e e e U e ""' ]
o o et
g 7 = 0.0 &7 é
43 - '¢' 3
E o ]
- 4 -
>~ 42 - o " o l <
= : ST ]
% E ¢ 0' O// E
F 4 O ]
= 4l¢ [ E
= E AN } ]
— 3 o + .9 ¢ ]
@) E S 1 ]
- o £ =
= 40 2o ]
] E o & ,} ]
Ly et al. (2007),z=0.84 % ] o oL’ . ]
39 :— % &" % qo = 107 _
4 : rd 7 :
- 4 - k4 ]
-1 \ —: P "l //i
] 38 Bnnnnand i ......... [T Lovevaaass Lovasssass | T ]
> 38 39 40 41 42 43 44
[OII]A 3727
-3
-4

41 42

39 40
log(Lyo iylerg s h™])
Constant ionization parameter Variable ionization parameter
fails to reproduce the [O Il] and interpolates between both values
[O I11] Luminosity functions
Better agreement with obs. [Olll] LF
High and low ionization
parameter Fails with obs. [Oll] LF.
result in opposite trends.



T T T T T T T T T L]
ssmgwl The problem with LAES: f
A |UE starburst slomple- e p rO e WI S "
0.0 m Atek et ol. (2008) 1 escC
-05 .
S 1.0 N $ ]
\_.L [ "',, ] TTTTTTTTITIT
= -1.5 I ""'O, . 10° E
o [ ]
g "
-2.0 K . 7]
3 N
r \ _‘_\ ., 1 —_ 1
[ \ A “, ] < 10
—25_— \ . ‘, ] >
[ \ R =
=300 . . .y o, S AR o §
0,0 0.2 0.4 0.6 0.8 R
Atek et al. (2009)E-v) 102}
"OW E""““‘ “““ T HHHH‘|""""'|"‘‘‘‘“‘\“““"'l"“““':
[ Atek et al. 09 1 10*3 —

— Kornei et al. 10+

redshift

f...(Lya) decreases with higher dust content?
f...(Lya) increases with redshift?
The Lya escape fraction can vary significantly!
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Monte Carlo Lya radiative transfer

Problem

* Resonant scattering makes escape
fraction of Lya photons difficult to
predict

MC Lya RT
* Follows the path of single photons as
they scatter through an HI cloud
— Count how many photons escape
— Obtain frequency distribution
— Getf,,

Semianalytical model + Lya RT
D oo (SFR, Mg Ryisia Veire Zeolas €LC---)

cirg,



The Lya Cumulative Luminosity Function
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We try two outflow geometries: a
Thin shell, and a Galactic wind.
Both can reproduce the Lya
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log(f.)

Lya escape fractions
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Composite Lya line profiles
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Our model can reproduce
the observed

composite spectra of
Ouchi et al. (2008,2010)

Excess of blue photons when

reproducing Hu et al. (2010)

composite spectra
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Confidence levels (1., vs Ny). Wind

* Line profiles have
the potential to
constrain physical
parameters of the ISM
of LAEs:

Kinematics

Gas column densities
Outflow propreties

* Combination with
extended Lya surface
brightness profiles
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Emission Line ratios
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Predicted line ratios are
consistent with
the star-forming sequence

shown obs.
in the BPT diagram



O3N2 = log[([OHI}/HP)/([NII]/Ho)]

Emission Line ratios

20T LI B R 95

EE- S P;AJHU ] O3N2 values are higher
..b

than those measured from
SDSS MPA-JHU.

[NII]/Ha smaller than
observed in local sample

log(M

[Mu/h])

stellar sun



L(He)/L([OII])

Emission Line ratios
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Emission lines as star formation rate indicators
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* The conversion between continuum UV luminosity and SFR is complicated and can lead

to an overestimation of the true p

- Dust obscuration
- SFR conversion
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log(SFR [My,,/yr])

log(SFR [M,,/yr])

Emission lines as star formation rate indicators
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log(SFR [M,,./yr])

log(SFR [M,,,/yr])

Emission lines as star formation rate indicators
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* Model shows that simple scaling does
not take into account large scattering of the
[OI1]-SFR relation
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Em|55|on lines as star formation rate indicators
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* Model shows that simple scaling does
not take into account large scattering of the
[OI1]-SFR relation

* The [Olll]-SFR relation is predicted to be linear,
although with a large scattering
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Emission lines as star formation rate indicators
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s luminosities, and a tight relation for high luminosities

* Model shows that simple scaling does
not take into account large scattering of the
[OI1]-SFR relation

* The [Olll]-SFR relation is predicted to be linear,
although with a large scattering

* [NII] 205um line shows a large scattering at low

- Consistent with the Zhao+12 derived relation



log(dn/dL / AL [h’Mpc™])

Emission line galaxies at very high redshifts:
The [N 1I] A 205pum Luminosity function

The [NII] 205um Luminosity
function in the range 0<z<10

ALMA could detect these

galaxies up to z~16
Cosmic Star formation
rate density at z>10!

* Model predictions key
to assess likelihood of detections

53/ 3

8 39 40  4l, 42
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The dark matter haloes of
emission line galaxies

Correlations with other galaxy properties

* The luminosity of ELGs correlates with their halo mass
/h

* Theirtypical halo masses are ~10:2M
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Emission line galaxies avoid the peaks of the DM density

10 [Mp’c."h']'
P——

H-band magnitude limited sample




INng massive structures
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The g most massive haloes

at z=2.2 and the

distribution of radio
galaxies, QSOs and Ha

emitters.
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Ad (arcmin)

Tracing massive structures

around radio-galaxies

A good estimator of the mass
within a region can be calculated by using

M = pV(1+4d,/b)

- Radio galaxy

T > Lyo emitters

Aa (arcmin)

Venemans et al. (2005)



log(Mass|M,/h])

Tracing massive structures
around radio-galaxies

F1x1ng Delta

Enclosed mass € | 1
Central halo mgs( o 1

1og(11\44 p*V(1+6 /by [ML./h])

A good estimator of the mass
1 within a region can be calculated by using

M = pV(1+4d,/b)



log(Mass[M,,/h])

Tracing massive structures
around radio-galaxies

Fixing Delta

8 =50 Enclosed mass @
Central halo mass @

(5715 °

z=3.1
log(L(Lya)ying) >42.0

l 4 e . em® @ L
IIIII

A good estimator of the mass
within a region can be calculated by using

M = pV(1+6,4/b)

The number of Lya emitters could also
be used as an estimator



log(Mass[M,,/h])

Tracing massive structures

around radio-

Fixing Delta

4204254304354404454204 54 0435440445
log(ZLhne[ergS h’ ])

galaxies

A good estimator of the mass

1 within a region can be calculated by using

| M = pV(1+3,/b)

The number of Lya emitters could also

1 be used as an estimator

" The sum of the luminosity also correlates
&1 with the enclosed mass



Conclusions

* Simple model relating the ionization parameter with the
metallicity can reproduce many properties of ELGs

— [OIl] LF suggests q(Z) model is incomplete.

* Resonant scattering of Lya makes modeling difficult, but also
offers an insight into the physical conditions of the ISM of
high redshift galaxies

* Next generation of observational facilities will shed light into
the high redshift universe

— Crucial to understand the ELG population from a galaxy formation
perspective



