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Outline of the First Part...

* What is the stellar attenuation curve?

* Why is it important?

* What does it depend on?

 What about the nebular attenuation curve?

* A “roadmap” of dust curves at high-redshift



Definitions...
fQ) = fo(A) x 107744
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k(A) = E(B-V)

* Note that E(B-V) depends on the shape of the dust
curve, k

e “Extinction” vs. “Attenuation”
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Importance of the Dust “Curve
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Importance of Quantifying the
Wavelength-Dependence of Dust
Obscuration

 [nebular attenuation curve:] Inferring the Physical Properties of
the ISM based on rest-frame optical line ratios (e.g., ionization
parameters, gas-phase metallicities, nebular reddening and

recombination-line SFRs)

* Investigating the origin of the carriers of specific absorption

features in the UV
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Investigating the Curve... often
accomplished using the IRX-beta relation
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Variations in the dust curve - SFH

* Must take into account Star-formation history / Age / sSFR
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Variations in the curve - Inclination

* GEOMETRY

@ Star-forming regions + Birth clouds
- OB stars produce nebular emission lines
- dust opacity dominated by birth clouds

- predominantly (spherical) screen-like extinction

 Old stars (also in bulge, not pictured)

- predominantly responsible for NIR light

- screen-like extinction (far-side)

- higher fraction in bulge and/or thick disk

Inclination

- Diffuse dust
increases

- Birth-cloud dust
remains constant
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Variations in the curve - metallicity

e (Stellar) Metallicity (also related to SFH, sSFR, mass, etc.)
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Going beyond IRX-Beta

* Constraints on the overall shape/normalization of the stellar attenuation curve (e.g.,
Noll+09, Kriek&Conroy13, Scoville+15, Reddy+15, Zeimann+15))
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The Far-UV Shape of the Dust Curve

* New constraints on the shape of the dust curve close to the Lyman Break

16}
RN
L \
141 .
12+
6 L
<2 I
10}

[ Rleddy+1|6a

='= Leitherer+02

Ca/zetti +00

Reddy+15

1000

—

1200 1400 1600 1800 2000
A (A)

May be used to assess attenuation of ionizing photons in low-column density
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Importance of the Dust “Curve” for
Modeling Stellar Populations
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What about the nebular attenuation
curve?

* Curve that applies for dust reddening along the lines-of-sight
to the ionized ISM (i.e., towards massive stars)

* Required to interpret rest-frame optical line ratios to
compute ISM physical properties

* A priori there is no reason why the curve should be the same
as that affecting the stellar continuum (cov. fraction of dust/
geometry), MW extinction curve normally assumed

mmm) Can be investigated using multiple
recombination line ratios



Normalized L,

Normalized L,

What about the nebular attenuation curve?
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Normalized L,

Normalized L,

What about the nebular attenuation curve?
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What about the nebular attenuation curve?

observed wavelength (pm)

2.05 2.10 2.15 2.20 225 2.30 2.35 From the JWST Cycle 1
“AURORA” program
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Fy (1079 erg s™'em™2 A1)
)

Fy (107" erg s~ em™2 A1)

What about the nebular attenuation curve?

observed wavelength (pm)
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A “Roadmap” for the Stellar
Attenuation Curve at High Redshift
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Part 2...
Effects of Stellar Population and Gas
Covering Fraction on the Emergent Lya
Emission




What processes facilitate the escape of ionizing
(Lyman continuum) radiation?
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Quantifying the mechanism for LyC escape

Difficulties in quantifying f___at z>2.7:

esc

* signal is weak, particularly for fainter galaxies
* requires stacking to average over line-of-sight opacity variations
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The MOSFIRE Deep Evolution Field (MOSDEF) Survey

Survey paper: Kriek+2015
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Keck/LRIS Followup (MOSDEF-LRIS Survey
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Production and Transmission of Lya in z~2 Galaxies

Production Transmission

Response

3

Model young stellar
populations:

e Stellar Metallicities

* Ages
* Continuum
Reddening, E(B-V)

of ISM

Model lonized ISM:
* Nebular
Reddening, E(B-V)
* Oxygen
Abundance

* l[onization
Parameter

neb

1

Model Neutral ISM:
* Line-of-sight

Reddening, E(B-V),.,
e Column density
* Covering fraction




Spectral Modeling in bins of W(Lya)

|

Divide up galaxies into 3 bins of W(Lya)

Fit composite / l \

spectrum of all Fit composite spectrum of galaxies in the 3
| galaxies bins of W(Lya)

BPASS v2.2.1 models (Eldridge+17): includes the effects of stellar
binarity; consider a range of ages and stellar metallicities




Propertles of the Masswe SteIIar Populatlons
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Properties of the Massive Stellar Populations
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Properties of the Neutral ISM —
Two-component modeling

Best-fit (intrinsic)
SPS model of
given Z*, age

Add LOS

reddening, Hl
absorption

GRID OF MODELS WITH VARYING E(B-V) g,
N(HI), and f_,,(HI)

[1 - fcov(H I)] X my.



Properties of the Neutral ISM —
Two-component modelmg
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Properties of the Neutral ISM —
Two-component modeling
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What Influences Covering Fraction?
OUTFLOWS =i~ POROUS ISM

Direct star light |
with LyC

Star light and
nebular emission,
but no LyC

lonization-bounded nebula with holes

Zackrisson+13

IS THERE A RELATIONSHIP BETWEEN Ly-alpha ESCAPE AND
STAR-FORMATION-RATE SURFACE DENSITY? SFR
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Ly-alpha Escape vs. Star-formation-rate surface

density
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DOES ESCAPE FRACTION DEPEND ON SOMETHING ELSE AS WELL?



Escape Fraction and Gravitational Potential
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Importance of Gravitational Potential —
Comparison with LAEs at similar redshifts
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Importance of Gravitational Potential —
Keck/KCWI Observations
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Keck/KCWI Observations — Morphology of Lya and
LyC Escape

Varying column density distribution towards continuum



Main “Takeaways” from Part 2...

* Even typical z~2 galaxies are “metal-poor” (¥10% solar stellar
metallicities); difficult to produce even more ionizing photons
per unit SFR by going to metal-poorer or younger stellar
populations

* Gas covering fraction is the primary factor in modulating
W(Lya) within our sample

* Covering fraction appears to depend on more than just
compactness of star formation. Gravitational potential may be
an important factor.



Thank you!
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Variations in the curve - Luminosity

e Luminosity (or total SFR)

] 1 I 1 1 1 1 I 1 LI ] I 1 1 1 1 1 1 1 1 I 1 ] LI
- b lllll I ||||||||| I llllllll I ||||||||| I L |/|) TTIr7T II lllll -l/ll |||||
4 - - 10000 Local Galaxies (2<0.085) o e _
i 1 I ’ . PR 3
3 - a . -
I ] 100.0 1
C R
2 I : : ) ]
| i g ! -
s - °
| i <:_[ 10.0 3 3
— = ]
1+ - I ]
- - x -
s A oc -
Qe
0 __ °e ° * L’bol < 101 Lo _- 1.05— 12?70 E
! cAm 101<L, <1012 L] : % ool 1]
i o >10123 [, 1 = 18f 4]
- Lb°| © . ' Meurer+99 - - - - o<
[T | IR B | ST A T AT T T A N A 01F 3 OverZ|er_+11 """""" w 046 —
dE Takeuchi+12 -----.- (%] E
-2 -1 0 1 2 3 Eo Best-fit Local (this work) —a— 0.12 .
6 N s N 0]
0 1 2 3
Reddy+06 UV slope p at 0.16! m

Casey+14



Variations in the curve - metallicity

e (Stellar) Metallicity (also related to SFH, sSFR, mass, etc.)
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A “Roadmap” for the Stellar

Attenuation Curve at High Redshift

Increasing SFR/Stellar mass
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Are star-forming galaxies responsible for
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Properties of the Massive Stellar Populations
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Does Covering Fraction Play a Role in Lya Escape? YES
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Does Covering Fraction Play a Role in Lya Escape? YES
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Properties of the lonized ISM -
CLOUDY Photoionization Modeling

Reddy+22
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Properties of the lonized ISM -
CLOUDY Photomnlzatlon Modelmg
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Constraints on Stellar Binarity
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Constraints on Stellar Binarity
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