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Total Dust Attenuation

Four primary techniques:

e UV-to-NIR SED fitting (a known attenuation curve),
constrain E(B — V)gar;

e Balmer decrement (an intrinsic ratio), e.g., Ha/HS,
constrain E(B — V)gas;

e Energy balance technique (statement), e.g., IRX- relation;

e Using luminous background source with a known intrinsic spectrum, e.g.,
MW extinction (Fitzpatrick et al., 2019).

Commonly used parameterization: the total-to-selective attenuation curve

S
AT EB-V)

in which E(B—-V)=Ap — Ay.
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Nebular-to-stellar Attenuation Ratio

Calzetti et al. (1994) Battisti et al. (2016)
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Two-component Dust Model

Charlot & Fall (2000)

M t > tac,

() = {TEC Pt <tac,
TEC/ISM = T&C/ISM(/\/O.%,um)*”, n=0.7,
tsc = 10 Myr.
da Cunha et al. (2008): ngc = 1.3,
nism = 0.7.

Whitmore et al. (2014): tgc < 10 Myr in
NGC 4038/39.

Hollyhead et al. (2015): tgc < 4 Myr in
M83.

Grasha et al. (2019): tgc < 6 Myr in M51.
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Dust IMF

Two-component Dust Model

Wild et al. (2011)
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BC+HISM /_BC Rt
Gy /7y~ Ratio

Viaene et al. (2017): Lin & Kong (2019)
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TECHSM /78C or B(B — V)star/ E(B — V)gas may be not a constant for all type of
galaxies (Wild et al., 2011; Zahid et al., 2017; Koyama et al., 2019; Qin et al.,
2019; Lin & Kong, 2019).
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a Ultraviolet spectral slope
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IRX-3 Relation

log(Lig/Ls 600)

b

References

| z~2galaxies

O 24-um detected
X-ray stack (all)

¥ ® 24-um stack (all)

¥ 0 Ly>10"2L

¥ [ <100 Myr



Dust IMF Concluding Remarks

Second Parameter

References

e Kong et al. (2004): stellar population (@) * 1
parameters (SFH) i "
e Boquien et al. (2009) (H 11 regions): dust (é ol i ]
geometries and extinction curves = ax N 4 o
e Casey et al. (2014): SFR (or Lir) L o *;c’:-'.?'é" i
Disadvantage: ——+—+—+—+—1 }*:
e Large uncertainties on IRX (Johnson [ ® .** 2 *_
et al., 2007) o TN
< * a “ .*
e Energy balance statement might be 5L o s
broken at scale < 1.5 kpc (Williams et al., 8 | . :
2019) b . ;
L * *
Estimation of dust attenuation from the IRX-3 R =

will give way to more robust techniques.



Dust IMF

Popping et al. (2017):
Starburst99+dust models
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Narayanan et al. (2018): Cosmological
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UV-to-NIR SED fitting

Age—dust degeneracy: poorly constrained dust attenuation
from UV-NIR broadband SEDs

Break the degeneracy: spectroscopic or FIR data

e Narrow spectroscopic features: stellar age and metallicity,
e.g., D,,(4000) and Hé (Kauffmann et al., 2003)

FIR data: measurement of the total Lir (Noll et al., 2009a)



Dust

IMF Concluding Remarks References

Constraints on the Attenuation Curve

Calzetti et al. (1994, 2000): assuming the same underlying stellar
populations, compare galaxies with different TZB — average attenuation
curve for SB galaxies, shallower than the MW or LMC extinction curve,
without 2175 A bump

Wild et al. (2011): pairs of galaxies with similar gas-phase metallicities,
sSFRs, b/a but different 74
4c ]

Battisti et al. (2016); Battisti . This Work (z~0; 1.13<D,4000<1.33 ——
et al. (2017): local SFGs : > &8.1<logM]<5.9)

CIGALE fit for individual ) 110
galaxies: Buat et al. (2018);
Salim et al. (2018)

High-z: Kriek & Conroy (2013); o
Reddy et al. (2015); Scoville — Comntis0 (S5 220)
et al. (2015); Zeimann et al. [ Reddy+15 (2-2)
(2015); Cullen et al. (2018)
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2175-A dust feature

Expectation: normal SFGs should show evidence for the 2175 A dust feature.
Parameterize dust attenuation curve with a bump (Noll et al., 2009b):

AN = Av Y (kca(X) + D(N)) 2
405" Av
Ep(AAN)?
D) = g OBV
(A2 = X0)? + (AAN)
Kriek & Conroy (2013) Scoville et al. (2015)
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average strength of 1/3 of the MW bump.
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2175-A dust feature

Salim et al. (2018): local galaxies, a wide range of UV bump amplitudes with an
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Physical Dust Properties

Constraints on the My, and Tyust require data beyond the peak
in the thermal dust emission spectrum at ~ 100 pum.

da Cunha et al. (2008) (MAGPHYS)

NGC 337

log (AL)/L:)

Residuals
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Physical Dust Properties

IR SED models:

Draine & Li (2007) (e.g., CIGALE)
e grain populations exposed to a variety of starlight intensities
e thermal emission and single photon heating of dust particles

e dust size distributions of MW (gpan) + emissivity for a dust mixture
heated by U + dMyyst/dU

e free parameters: qpan, Umin, V(U > Unin) (fixed o = 2, Upax = 106,
Draine et al. 2007)

With Herschel data: simplistic, modified blackbody dust models are no
longer capable of providing adequate fits to the data.
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Physical Dust Properties
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Physical Dust Properties

IR SED models:
da Cunha et al. (2008) (MAGPHYS)
e an empirical spectrum for the PAH emission

e emission from stochastically heated grains

e warm and cold thermal dust

)

New update of MAGPHYS:
add 2175 A bump to attenuation
curve (Battisti et al., 2019)

log ( ALBS¥ / arbitrary units
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MIR-excess problem (Elbaz et al., 2010)

= T
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IMF
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References

Cosmic Evolution of IR SEDs

Lin et al. (2016)
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Constraints from SEDs

Problem: whether the IMF has had the same form over all of cosmic time
and in all environments

T T e |IMF-sensitive features:
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Concluding Remarks

Combining broadband data with moderate resolution spectra:
IFU, narrow-band photometry, grism data (e.g., 3D-HST)

Uncertainties in the SPS models are becoming a critical
limiting factor to the interpretation of galaxy SEDs: include
contributions from nebular emission and dust around AGB
stars; FUV-FIR models, stellar evolution uncertainties

A more sophisticated approach: derive the full posterior
distributions via (e.g.,) MCMC techniques

Understanding what is knowable from the modeling of galaxy
SEDs
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