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What Shapes the Distribution of Lya Halos? Wisotzki et al. 2016

At high redshift, we find

numerous Lya halos with diverse
properties

We want to understand:

- What determines halo
detectability?

- How does Lya escape shape
halos?

- How do these factors
interact?
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Observing Lya Halos

Integral field spectroscopy is a powerful tool for capturing the
diversity of Lya halos, especially VLI/MUSE.
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chances for detection...

To understand how Lya escape relates to the CGM, we also

need to understand this!

Leclercq et al. 2017
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Lya Halo Selection Function

We make a 3D model with 6
spatial/spectral halo parameters:

Example Lyman-a Halo Models in the UDF Mosaic

— |0 = 126 /S (C - [
3 0.2 Vo3 1.0t(e T—-—-P
e Compactand halo = )
exponential scale lengths g 0.1y BT
. e I3
e Halo flux fraction and § e g 06
... < 0.0 , L . w
CHIPUCIW IS 5975 6000 6025 &
® Spectral line widthand g 0292 SLokm/s (d)8 g 40
] = = =
o,
skewness E Z £
g 0.1+ ©0.2
We insert the model into a = I
- 4>_<> p h ° ompact
MUSE-like datacube and test = a0 J/L 0.0f , & Fawndad
: 5975 6000 6025 ~18 ~16
detection. Wavelength (A) Log(F [erg™! cm™2 s71])

Pharo et al. 2024
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Lya Halo Selection Function
Compact Model Extended Model
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—

he Intrinsic Distributions of Lya Halo Properties
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The Halo Scale Length

The peak of the 7’5y distribution is ~5 kpc - larger

than the observed sample!

Extended halos are more common than we think!

Read the paper at arXiv:
2409.04537
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How Does the Halo Distribution Relate to Lya Escape?

So far, we’ve only dealt with

observed properties, not physical

Can we connect these observed
distributions to physical
mechanisms of Lya production

and escape?

We try an experiment with a

simulated Lya galaxy.

Wisotzki et al. 2016
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Testing Selection Effects with Simulated Lya Spectra
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Mock Spectra from Simulation

Blaizot+2023 derive ~22500 mock Lya emission spectra from all timesteps, viewing directions.
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A Mock LAE Population

Apparent Lya Luminosities
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Normalized number per bin
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Normalized number per bin
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Normalized Flux
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The Observed Sample - what is it like?

The median spectrum of all
NxM instances shows a very

classic double-peaked profile.

But the median of the detected
spectra looks different - the blue

peak is much weaker!

Pharo et al. in prep
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The Observed Sample - what is it like?
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The Observed Sample - what is it like?
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The Observed Sample - what is it like?
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1 All Spectra "

gl =] Detected, a= -3
The Observed Sample - Star Formation History : e
z6f
| A

Detected galaxies come mostly from two SFH 3

epochs (~1.55 Gyr and ~2 Gyr). Té | |
“ L -

These line up with periods of high star

formation.

SFR (Mo / yr)

1.4 1.5 1.6 1..7 1.8 1.9 2.0 2.4

Pharo et al. in prep Time (Gyr)
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The Observed Sample - Star Formation History
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Two more effects: Inclination and LF Shape
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Read the first paper at arXiv: 2409.04537
Summary

We model Lya halos in MUSE to test halo detectability, make selection functions, and recover

intrinsic halo parameter distributions.

Our experiment applying a MUSE-Wide selection function to a mock LAE population

generated from simulated spectra shows:

- outflow-dominated periods after SF bursts are favorably detected

- more face-on orientations are favorably detected

- near the flux-limit, narrow spectral profiles are favorably detected

- the shape of the intrinsic LF will govern how dominant these effects are in a given range of
luminosity

- as the LF gets steeper, these effects become much more important!

Contact: jpharo@aip.de
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Extra
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LAH Selection Function - the LAH Spatial Model

We model the spatial profile as a 2-component exponential disk

F(r) = So(r) + Su(r) = Yoo " 4 3 e

F
Halo flux fraction: — H
Fy + F, O
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- R @

Ellipticity
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LAH Selection Function - the LAH Spectral Model

We model the spectral profile as a skewed Gaussian A 2 /952 T —p)
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MXDF Selection Functions

~17.0
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LLAH Selection Function - Parameter Tests
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Fixed time, varying directions
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Blue and Red
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Real
galaxy,
typical
Lya halo

flergslcm?]= 4 x 10"

Point
source
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Recovering the LAH Distribution - the 1/ Vmax Estimator

We then correct the UDF distribution by measuring . for each LAH in the sample, using a form that incorporates the completeness

fraction fc.

1 1
Zmazx dv ¢1/Vmaw(<Xk>) — A—AXvk Z v—

Vma:z:,i = W fc(LLyom Z) Edz i max,?
102 |

Zmin ‘Global: 3<z<6.7]

1073
10

10—5 -
i SlBS(‘JK/nnAGN
@ MW (RSSF)
T MW (PSSF)

n 1 1 L n Fe L L
42.0 42.5 43.0 43.5 44.0
logo(Lrya[ergs )

¢(LLya) [MPCA:;(AIOgIO Liye [ergsgll)gl]




Normalized Number per bin

1.0

0.8

0.6

0.4

0.0

Apparent Lya Luminosities

39.0 39.5 40.0 40.5 41.0 41.5 42.0 42.5 43.0
LOg(LLya)

Leibniz-Institut fur Astrophysik Potsdam (AIP)



Faint AL Bright
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Faint AL Bright
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mmm All Spectra
Detected

a= -3

The Observed Sample - Star Formation History

Normalized Probability Density

Detected galaxies come mostly from two SFH

epochs (~1.55 Gyr and ~2 Gyr). a=-1s

These line up with periods of high star

formation.

Normalized Probability Density

SFR (Mo / yr)
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Time (Gyr)
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