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Part I: 
Introduction



What is dust extinction?

absorption

scattering

Extinction decreases with wavelength
 à “reddening”

Extinction ≠ Attenuation!
 à Attenuation depends on geometry

wavelength
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See talk by Samir Salim (Thu)

extinction = absorption + scattering



Extinction curves



How do we measure extinction curves?

/ =
reddened 
star

comparison star of 
same spectral type

dust extinction

pair 
method

stellar atmosphere model
(e.g., TLUSTY)

OR

See e.g., Massa et al. (1983), 
Fitzpatrick & Massa (2005)



How do we measure extinction curves?

𝐸 𝜆 − 𝑉 = 𝑚!"# 𝜆 − 𝑉 	− 𝑚$%&' 𝜆 − 𝑉
	 = 𝑚!"# 𝜆 − 𝑚$%&' 𝜆 − 𝑚!"# 𝑉 +𝑚$%&'(𝑉)

𝐸 𝜆 − 𝑉  = differential extinction = color excess
         à measurement relative to V-band
                 (to avoid distance assumptions)

Basic measurement using pair method:

Normalize to compare between different sightlines with different amounts of dust:

𝐸 𝜆 − 𝑉
𝐸 𝐵 − 𝑉 Historically   (e.g. Fitzpatrick & Massa 1990)

𝐴 𝜆
𝐴 𝑉

Recently more commonly used, because easier to interpret    (e.g. Gordon et al. 2023)
But requires knowledge of A(V)!

𝐴(𝜆) = absolute extinction

𝐸 𝜆 − 𝑉 = 𝐴 𝜆 	− 𝐴 𝑉

𝐸 ∞− 𝑉 = −	𝐴 𝑉
Extrapolation of extinction to “infinite” wavelengths,
e.g. 𝐴 𝑉 ≅ −1.1	𝐸(𝐾 − 𝑉)   (Gordon et al. 2021)



carbonaceous 
grains

silicates

Sizes and compositions of dust grains

2175Å
bump

What can we learn from extinction curves?



Part II: 
Current 
knowledge 
and challenges



Extinction features



UV extinction features

FUV riseC
4

linear continuum: C1 + C2 x

Parameterization by 
Fitzpatrick & Massa (1990) 
(FM90)

FUV rise and UV bump 
are caused by 

carbonaceous grains

Graphite?

carbons

See also Cardelli et al. (1989), Valencic et al. (2004), Fitzpatrick & Massa (2007), Gordon et al. (2009)
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PAHs?
UV bumpC3, 𝛾, x0

2175 Å

See discussion session (Wed)

IUE



opticalUV NIR
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Optical extinction curves Fitzpatrick et al. (2019)
Massa et al. (2020)

low-order polynomial
+

wiggles??

Intermediate Scale Structure (ISS)

Maíz Apellániz et al. (2021)
Zhang et al. (2024)
Green et al. (2024)

à 6 features published!

PAHs?graphene oxide
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HST



ISSISS

See poster by Chamani Gunasekera

See talks by Chuanyu Wei and 
Andrew Saydjari (today)

Also Diffuse Interstellar Bands!
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HST



opticalUV NIR
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MIR extinction curves Gordon et al. (2021)
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wavelength (µm)

silicates

power law
+

2 strong features

Figure 9. from Milky Way Mid-Infrared Spitzer Spectroscopic Extinction Curves: Continuum and Silicate Features
null 2021 APJ 916 33 doi:10.3847/1538-4357/ac00b7
https://dx.doi.org/10.3847/1538-4357/ac00b7
© 2021. The American Astronomical Society. All rights reserved.

See also Gao et al. (2010), Shao & Jiang (2024)

Si – O

See lab talk by Tushar Suhasaria (today)

O – Si – O
Spitzer extinction

wavelength (µm)



9 sightlines with low A(V) (~1.2–2.5) 12 sightlines with higher A(V) (~4–7)

Measuring Extinction and Abundances of Dust

Decleir et al. (2025)

Webb Investigation of Silicates, Carbons and Ices

Silicate features with JWST (MIRI MRS)

Zeegers et al. (2025)
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See talk by Chuanyu Wei (today)
strength à how much silicate?
shape à what type of silicates?
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Structure and composition 
of silicate grains



Fit with skewed Gaussian
àDetailed properties of feature

Silicate feature strength correlates with A(V) and N(H), 
and with N(Mg), N(Fe) and N(O) in dust!

Silicate feature

Variation in feature properties

Variation in silicate grain properties
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wavelength (µm)

Decleir et al. (2025)

Mg- and Fe-rich silicates



opticalUV NIR
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Figure 3. from
Yvonne J. Pendleton et al 2025 Astrophys. J. 992 doi:10.3847/1538-4357/adfc3d
https://dx.doi.org/10.3847/1538-4357/adfc3d
© 2025. The Author(s). Published by the American Astronomical Society.
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Figure 3. from
Yvonne J. Pendleton et al 2025 Astrophys. J. 992 doi:10.3847/1538-4357/adfc3d
https://dx.doi.org/10.3847/1538-4357/adfc3d
© 2025. The Author(s). Published by the American Astronomical Society.
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NIR extinction features
Pendleton et al. (2025)

See also Pendleton et al. (1994), Hensley & Draine (2020)

IRTF SpeX

Cyg OB2-12: A(V)~10
Quintuplet: A(V)~29
from Chiar+2013

aliphatic 
hydrocarbons C

 =
 C

aromatic 
hydrocarbons

See lab talk by Cornelia Jäger (today)

C – H
Cyg OB2-12: A(V)~10
Quintuplet: A(V)~29
from Chiar+2013

Spitzer

See also Chiar et al. (2000), Hensley & Draine (2020)

lots of dust
dense



Figure 3. from
Yvonne J. Pendleton et al 2025 Astrophys. J. 992 doi:10.3847/1538-4357/adfc3d
https://dx.doi.org/10.3847/1538-4357/adfc3d
© 2025. The Author(s). Published by the American Astronomical Society.
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NIR extinction features
Pendleton et al. (2025)

See also Pendleton et al. (1994), Hensley & Draine (2020)

IRTF SpeX

Cyg OB2-12: A(V)~10
Quintuplet: A(V)~29
from Chiar+2013

aliphatic 
hydrocarbons

C – H

lots of dust
dense
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Decleir et al. (2022)
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Carbonaceous features with JWST
op

tic
al

 d
ep

th

wavelength (µm)

First detection of hydrocarbons in A(V)<2.5!
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Decleir et al. (2025)



Diffuse vs. Dense Dust

• Low A(V)s (≲3) 

• No ice (no 3.0 μm H20 ice feature)

• “High” A(V)s (but not perfect diagnostic)

• Ice (3.0 μm H20 ice feature)

diffuse dense

See also e.g. Whittet et al. (1988), Smith et al. (1993)

A(V)~5.6

Decleir et al. (2022)

(Taurus Molecular Cloud)
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Decleir et al. (2022)
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Extinction in dense sightlines

See talk by Melissa McClure (Tue)

See poster by Laurie Chu

See also e.g. Boogert et al. (2011, 2015)

dense very dense

à Flatter UV extinction
à Weaker UV bump

Different dust properties

Fig. 2. from The Ultraviolet Extinction Curve of Intraclump Dust in Taurus (TMC1): Constraints on the 2175 Å Bump Absorber
Whittet et al. 2004 ApJ 602 291 doi:10.1086/380837
https://dx.doi.org/10.1086/380837
© 2004. The American Astronomical Society. All rights reserved. Printed in U.S.A.

Whittet et al. (2004)

(Taurus Molecular Cloud)

A(V)~5.6

diffuse
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McClure et al. (2023)
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opticalUV NIR
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Figure 2. from
         FUSE Measurements of Far-Ultraviolet Extinction. III. The Dependence on R(V) and Discrete Feature Limits from 75 Galactic Sightlines
GORDON, CARTLEDGE, & CLAYTON 2009 ApJ 705 1320 doi:10.1088/0004-637X/705/2/1320
https://dx.doi.org/10.1088/0004-637X/705/2/1320
© 2009. The American Astronomical Society. All rights reserved.

There is a variety in 
extinction curves!

Decleir et al. (2022)

Gordon et al. (2009)

Fitzpatrick et al. (2019)

Gordon et al. (2021)



Order in the chaos
Cardelli et al. (1989): 

Linear relationship between extinction    
   and 1/R(V) in the UV and optical

R(V)- dependent extinction

R(V) =
E(B-V)

A(V)
= total-to-selective extinction ratio

R(V) is a tracer of the average dust grain size

Milky Way average: R(V) = 3.1



long λ

small grains
short λ

all λ extinguished 
± equally

large grains

long λ

short λ

short λ more extinguished 
than long λ

à steep extinction curve

large E(B-V)
= small R(V)

à flat extinction curve

small E(B-V) 
= large R(V)

R(V) ~ dust grain size

B
V
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𝑅 𝑉 =
𝐴(𝑉)

𝐸(𝐵 − 𝑉)



R(V)-dependent extinction curve

𝐴(𝜆)
𝐴(𝑉)

= 𝑎 𝜆 + 𝑏 𝜆 [1/𝑅 𝑉 − 1/3.1]



opticalUV NIR
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Figure 2. from
         FUSE Measurements of Far-Ultraviolet Extinction. III. The Dependence on R(V) and Discrete Feature Limits from 75 Galactic Sightlines
GORDON, CARTLEDGE, & CLAYTON 2009 ApJ 705 1320 doi:10.1088/0004-637X/705/2/1320
https://dx.doi.org/10.1088/0004-637X/705/2/1320
© 2009. The American Astronomical Society. All rights reserved.

Decleir et al. (2022)

Gordon et al. (2009)

Fitzpatrick et al. (2019)

Gordon et al. (2021)

Gordon et al. (2023)!



R(V)-dependent extinction curve
Gordon et al. (2023)

𝐴(𝜆)
𝐴(𝑉)

= 𝑎 𝜆 + 𝑏 𝜆 [1/𝑅 𝑉 − 1/3.1]

Figure 7. from
Karl D. Gordon et al 2023 Astrophys. J. 950 doi:10.3847/1538-4357/accb59
https://dx.doi.org/10.3847/1538-4357/accb59
© 2023. The Author(s). Published by the American Astronomical Society.
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Figure 7. from
Karl D. Gordon et al 2023 Astrophys. J. 950 doi:10.3847/1538-4357/accb59
https://dx.doi.org/10.3847/1538-4357/accb59
© 2023. The Author(s). Published by the American Astronomical Society.

Figure 7. from
Karl D. Gordon et al 2023 Astrophys. J. 950 doi:10.3847/1538-4357/accb59
https://dx.doi.org/10.3847/1538-4357/accb59
© 2023. The Author(s). Published by the American Astronomical Society.
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Available in the dust_extinction python package 
(Gordon et al. 2024)!

MW average
R(V)=3.1

R(V)-dependence

???

Figure 8. from
Karl D. Gordon et al 2023 Astrophys. J. 950 doi:10.3847/1538-4357/accb59
https://dx.doi.org/10.3847/1538-4357/accb59
© 2023. The Author(s). Published by the American Astronomical Society.

Figure 8. from
Karl D. Gordon et al 2023 Astrophys. J. 950 doi:10.3847/1538-4357/accb59
https://dx.doi.org/10.3847/1538-4357/accb59
© 2023. The Author(s). Published by the American Astronomical Society.
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Gordon et al. (2009)

Fitzpatrick et al. (2019)

Decleir et al. (2022)

Gordon et al. (2021)



Beyond the Milky Way?

averages!

Variation in extinction 
curves between galaxies

See also Misselt et al. (1999)wavelength (µm)
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Sightlines with and without 
bump throughout SMC!

Beyond the MW: Small Magellanic Cloud
Figure 6. from
Karl D. Gordon et al 2024 Astrophys. J. 970 doi:10.3847/1538-4357/ad4be1
https://dx.doi.org/10.3847/1538-4357/ad4be1
© 2024. The Author(s). Published by the American Astronomical Society.

spatial variations

Gordon et al. (2024)
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See also Maíz Apellániz & 
Rubio (2012)
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Beyond the MW: Local Group

M31
M33

Clayton et al. (2025) Gordon et al. (subm.)

See poster by Karl Gordon

Correlation with 
gas-to-dust ratio

R(V)-dependent relationship is not 
enough to explain all variation

averages!



Part III: 
Future



What’s next?
• More JWST observations (incl. MEAD, WISCI + a NIRSpec survey)

à More NIR-MIR extinction curves
à Carbonaceous and Silicate features

• SPHEREx: Spectro-Photometer for the History of the Universe, 
Epoch of Reionization, and Ices Explorer (2025, NASA/JPL)

à many NIR extinction curves in dense and diffuse MW regions
à Ices!

• UVEX: Ultraviolet Explorer (2030, NASA/Caltech)
 à ~1000 UV extinction curves in LMC/SMC

• UVESS: Ultraviolet Extinction Sky Survey (concept, ANU)
 à ~3000 Milky Way UV extinction curves

See poster by Andrew Battisti

See talk by Roberta Paladini (Friday)

More data à Better statistics!



• Extinction curves: size + composition of dust grains

• Features at all wavelengths:
UV bump, optical ISS, NIR carbonaceous, MIR silicate features

• Dense dust ≠ diffuse dust (need more data)

• Milky Way variations are R(V) dependent (~ grain size)

• Variations beyond the MW correlated with gas-to-dust ratio

• Much more is coming!

Multi-wavelength dust extinction

Questions? 
mdecleir@stsci.edu


