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hi-z galaxies, though it can be accompanied by other sources. •Our zoom-in hydro simulations enable a
computation of the Lα emission and absorption from these sources, providing ways for detecting the cold
streams and models for the origin of the observed systems. In GD10, the emissivity due to collisional
excitation has been computed from the simulated gas temperature, density and approximate neutral
fraction, assuming self-shielding against UV within the dense streams. The predicted LABs resemble the
observed ones, with a luminosity function in the right ball park; halos of 1012−13M

!
at z ∼ 3 shine as

LABs of 1042−44 erg s−1 that extend to 50 − 100 kpc with a characteristic irregular morphology.

Figure 2: Preliminary results from our RT analysis (SENODA). Left: Extended Lα emission from a
simulated massive galaxy (HART, Mv∼1012M

!
, z =4.5, box 150 kpc). a: CIE, no photo-ionization,

with Lα multi-scattering. b: With UV background ionizing the unshielded regions. c: Including UV
from stars and fluorescence. The total luminosity remains ∼1043 erg s−1. Right: Neutral gas column
density in a 1012M

!
halo at z=1.9 out to 2Rv. Neutral (red, DLA), neutral-ionized transition (green,

SLLS), ionized optically thick (blue, LLS), and optically thin (yellow, MFP).

3a. Lyman-alpha emission

We now compute the Lα emission using full radiative transport (RT) in post-processing, justified by
the short radiation-diffusion timescale. The RT is applied to the UV continuum from background and
galactic sources and to the resonant line scattering. Local dust absorption is computed from density and
metallicity. The RT calculation is pursued with team-members D. Kasen and S. Cantalupo (see annexed
letters), utilizing the 3D Monte-Carlo RT codes SEDONA (Kasen et al. 06) and RADAMESH (Cantalupo
& Porciani 10). In the RT of ionizing radiation, we consider UV from the cosmic background (Haardt
& Madau 96) and from local stars, include the scattering and absorption by HI and dust, and iteratively
converge to ionization equilibrium. In the RT of LαLαLα photons, the emissivity due to thermal excitation
is computed similarly to GD10, and the Lα due to fluorescence is computed from the photoionization
rate determined by the UV transport routine. The RT code treats the multiple scattering and diffusion
of the Lα photons from the line center to the wings before escaping. The density of Dust, which absorbs
and scatters both Lα and UV photons, is constructed from the simulated metallicity due to SNs, and
its properties are read from Li and Draine (01, Table 6). Fig. 2 shows a preliminary example from our
analysis (Kasen et al. 11). The total Lα luminosity is ∼ 1043 erg s−1, only slightly affected by the line
scattering, which spreads out the emission region. Dust reduces the Lα luminosity outside the inner 10
kpc by only a few percent. The UV background shuts down unshielded regions. The UV from stars
does not make a drastic change to the overall luminosity and morphology, but now the luminosity from
fluorescence, largely reduced by dust near the stars, is comparable to the gravity-driven CIE luminosity.
•The RT codes will be developed and passed through further cosmological tests (Iliev et al. 06). •The
RT will be applied to our suite of simulations for accurate predictions of LAB properties including 2D
spectroscopic maps of the double-peaked Lα line profiles, to be compared with current observations
(Matsuda et al. 10) and for stimulating new observations (see Cuby et al. 07). •This comparison aims
at features that may distinguish between the models of cold streams and outflows — we expect the line
profile to be dominated by the coherent streaming in halos > 1012M

!
at z ≥ 3. •We will also compute

emission in other H lines and X-ray emission from the hot gas.

3b. Absorption systems

The cold streams also leave absorption imprints on the spectra of quasars and galaxies. We study
how the simulated galaxies give rise to observed systems, classified by column density NHI into DLA
(> 20.3 cm−2), SLLS (19.0−20.3), LLS (17.2−19.0), and MFP (15.5 −17.2). • In work by student
M. Fumagalli (with X. Prochaska and J. Primack), utilizing our RT analysis, we compute the HI fraction,
and study the cross section of neutral and ionized gas as a function of redshift, mass, and location in disk,


