
Dust in a sample of about 100 LBGs 
and ALPINE galaxies at 4.5 < z < 6.2 

observed with ALMA 



Some information about this Work
• We wished to perform SED fitting on a large sample of high-redshift star-

forming galaxies (i.e. on the Main Sequence of star-forming galaxies).
• Because only a few data (meaning detections) is available in the far-

infrared, we attempt to densify the IR SED.
• For this, we combined individual detections to build an IR composite SED. 

To do this, we need to make sure that the sample is homogeneous.
• Once the IR composite sample is built, we assume it to be valid for the 

entire sample (detections and upper limits).
• We use CIGALE to derive physical parameters, to build diagnostic diagrams

and to study the stellar populations and the dust properties.
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The sample of objects
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Flowchart of the project

Crucial to control the homogeneity
of the sample
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Comparison
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• A delayed SFH without burst and 
tau_main=500 Myrs is noted”tau500”. 

• With an additional burst at the end of the 
SFH, it is noted ”burst”‘. 

• A constant SFH without burst and tau_main 
=20Gyrs is noted "tau20000". 

• And when several tau_main could be 
selected in the SED fitting, it is noted 
”multitau” in the legend. 

• Top: ∆BIC test that compares the influence 
of the DL2014 model and the PL+OT_MBB 
dust emissions in building the IR template.

• Center: ∆BIC test on the SFH assuming the 
PL+OT_MBB fort he IR template. 

• Bottom: ∆BIC test on the SFH assuming the 
DL2014 model for the IR template. 

• The colors band allows to interpret the 
results of the evidence (∆BIC) against the 
model with the higher BIC: red means "faint 
evidence", orange means "positive 
evidence" and green mean "strong 
evidence". 

• We do not see any strong evidence that 
DL2014 or PL+OT_MBB are better to fit the 
data. 

• An SFH that includes a burst is positively 
ruled out while a delayed SFH with
tau_main=500 Myrs is weekly favoured.

faint 
evidence positive

evidence

Strong
evidence
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Fit with Draine & Li (2014)



All fits of the IR composite template

MIR Power Law + 
General Modified Blackbody

MIR Power Law + 
Optically-Thin Modified Blackbody

Draine & Li (2014)
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We fit, with CIGALE, 
all the galaxies in 

the sample: 
detections and 

upper limits
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Results

• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (Dust Formation Rate Diagram = DFRD)



• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD)

Tabatabaei (2014A&A...561A..95T): 
The mean value of the dust emissivity index over the disk is β = 1.5 ± 0.2.

Dust emissivity index 
in the disk of M33

https://ui.adsabs.harvard.edu/


• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD)

Bakx et al. (2021MNRAS.508L..58B)

https://ui.adsabs.harvard.edu/


• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD) SMCCalze
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• Schulz et al. (2020) 
suggests an evolution
of the intrisic UV 
slope with redshift in 
range 0 < z < 4
• Extrapolated to 

higher redshifts does
not seem to work
• We need to calibrate

the evolution with
redshift, or more 
physically with mass-
weighted age of the 
stellar populations.



• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD)

• Schulz et al. (2020) 
suggests an evolution
of the intrisic UV 
slope with redshift in 
range 0 < z < 4
• Extrapolated to 

higher redshifts does
not seem to work
• We need to calibrate

the evolution with
redshift, or more 
physically with mass-
weighted age of the 
stellar populations.

Highly significant trends, 
given the number of 

objects



• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD)

DFRD structured in stellar age (with delayed SFH)

• Distant dusty star forming galaxies seem to follow
the same trend than low-Mstar + low-AFUV galaxies 
in the DFRD.

• However the stellar masses of these objects
significantly differ from the low-Mstar + low-AFUV

sample.
• High sSFR region reach very high sMdust.
• Low density of objects => fast dust formation and 

evolution.
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• Properties of the IR composite template
• SFR vs. Mstar
• AFUV vs. Mstar
• IRX vs. 𝛽FUV
• sMdust vs. sSFR (DFRD)

DL2014

PL+OT_MBB with 𝜅0 as in DL2014

PL+OT_MBB with 𝜅0 pre SN reverse shock

PL+OT_MBB with 𝜅0 post SN reverse shock

•Models hardly explain
the high sSFR + high 
sMdust objects
• How sure are Mdust?

• How sure are Mdust?
• Mdust ∝ S𝜈 / [ 𝜅𝜈 B𝜈(T) ]
• An important parameter is

𝜅𝜆 = 𝜅0 (𝜆0/𝜆)𝛽
• 𝜅0 = 0.637 m2/kg for DL2014
• 𝜅0 = 0.45 m2/kg for pre-SN 

reverse shock
• 𝜅0 = 0.72 m2/ kg for post-SN 

reverse shock



Conclusion(s) et perspective(s)
• We built an IR composite template that should be

valid for high redshift star forming galaxies (z > 4.5).
• SFR vs. Mstar of the sample in agreement with

previous works
• AFUV vs. Mstar: we confirm the evolution in redshift of 

the relation with apparent AFUV > 0 at log(Mstar)< 9.0
• IRX vs. 𝛽FUV: we find an evolution of the intrinsic UV 

slope 𝛽0 with the age of stellar populations (and 
redshift).

• sMdust vs. sSFR (DFRD): Estimating Mdust is a big
issue. We need to populate the high sSFR part of the 
diagram to constrain the fast formation of dust
grains in the early universe.

Optically thin modified
blackbody with Tdust = 54.1 
± 6.7 and 𝛽RJ = 0.87 ± 0.28



Fin
• Merci



IR fine-structure lines in the South Pole 
Telescope sample at 2 < z < 7
• Context: we would be very interested to get FIR spectroscopy of 

about 100 dusty galaxies at high redshift... But we can’t...
• Science objectives: measure the physical conditions in the ISM at 

high redshift.
• Problem: SED fitting of FIR fluxes hardly can provide estimates of the 

FIR emission lines.
• I will present a possible solution to meet the above science objective.


