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SED FITTING RESULTS

We show some of the main galaxy 
parameters (Star Formation Rate - SFR, 
stellar mass - Mstar, and Infrared excess
- IRX) resulting from the SED fitting. 
The x-axis shows the results from the 
SED fitting with the full range of 
models, while the y-axis represents 
the results obtained using the IR 
template. As seen from the 1:1 line on 
each plot, the stellar mass is in very 
good agreement in both runs, while 
the SFR and IRX are underestimated. 

DIAGNOSTIC PLOTS
To further investigate the SED fitting 
results obtained by using the IR 
template, we check the main statistical 
galaxy properties, as represented by the 
following diagnostic plots. We compare 
to the main sequence to the model of 
Pearson et al. (2018), the IRX-Mstar from 
Bouwens et al. (2016) and the IRX-βslope
relation by Schultz et al. (2020), for 
redshift z=5.5. The overlap is not the 
greatest, but the main laws can still be 
noticed. 

CONCLUSION: QUALITY, COST
OR BOTH?
• Definitely lowered the cost 

significantly
• How much did we lose on quality? 

We check the χ2 of the models 
with vs. without template

• We see an average difference of 
around Δχ2 = 4.6
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We use the universe as a 
spectrograph
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• Derive physical parameters (e.g., Mstar, SFR, AFUV, Mdust, etc.) for the entire sample
• Build diagnostic diagrams (e.g. SFR vs. Mstar, Mdust /Mstar vs. SFR/Mstar, AFUV vs. !FUV, etc.)
• Compare to models as in Burgarella et al. (2020) and Nanni et al. (2020)
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•Fit all ALMA detected galaxies in the IR
•Estimate the rest-frame f200!m flux density for each galaxy
•Normalize each IR SED at " = 200#m 

105 ALMA-observed star 
forming galaxies at 

4.5 ≾ z ≾ 6.2
(detections and upper limits) 

•Check homogeneity of the sample: 
Jackknife test per individual object and per redshift range

•Combine IR SEDs to build IR composite template V1

Béthermin
et al. (2020) Béthermin

et al. (2020) 

z ∼ 5.5 stacked IR 
SED compatible 

with IRV1 ?

Yes

•Combine IR SEDs to build IRV2 composite template V2

z ∼ 4.5 stacked IR 
SED compatible 

with IRV1 ?

•Use IRV2 to fit all the objects in the sample (detections and upper limits)

Select 
27 ALMA-detected

galaxies

Detections

Detections & upper limits
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A&A proofs: manuscript no. ALPINE

and AzTEC/ASTE data from Aretxaga et al. (2011) at 1.1
mm. At 850 µm, they used the SCUBA2 data from Casey
et al. (2013). This data set can be very useful because it ex-
tends the wavelength range to the mid-IR. However, because
there are not enough ALPINE sources to obtain a su�ciently
high S/N in the stacked Herschel data, the ALPINE selection
was not used for the stacking. Bethermin et al. (2020) define
two redshift bins (4 < z < 5 and 5 < z < 6) that match the red-
shift ranges probed by ALPINE. Before further continuing to
fulfill our task of building the LBG composite IR template,
we first need to assess whether the z ⇠ 4.5 and/or z ⇠ 5.5
stacks are consistent with the IRV1 composite IR template.
Our analysis allows us to conclude that both stacks are con-
sistent (all �2

⌫ from the SED fitting have ⇠ 0.3�0.4) with the
ALMA-detected galaxies’ composite IR template built by
combining the full sample of the 27 ALMA-detected objects.
The final IR composite template (IRV2, Fig. 2) was built
from the ALMA-detected galaxies from Burgarella et al.
(2020), the ALPINE sample, in addition to the two stacks
from Bethermin et al. (2020).
In Tab. ??, we provide the IR composite template based on
the observed data and show the fits with the three dust emis-
sions from 1 µm to 1000 µm fitted in Fig. 4. The modeled
SEDs from 20 µm to 1 mm are listed in Tab. D.1.

3.1.4. Fitting the IR composite template

The main dust parameters derived from fitting the observed IRV2
IR composite template (Fig. 4) are listed in Tab. 4. The objects
in the present sample are Hiz-SFGs with a low dust attenuation
(e.g., Faisst et al. 2020, and later in this paper). This assumption
is valid for the ALPINE sample (Faisst et al. 2020). Therefore,
we make the assumption that the best emission models for these
objects should be optically thin. We checked this hypothesis by
estimating the following (Eq. 2 in Jones et al. 2020):

⌧⌫ =
Mdust

Agal
⌫

where ⌧⌫ is the optical depth, Mdust is the dust mass, Agal is
the area covered by the galaxy, and ⌫ is the dust mass absorption
coe�cient:

⌫ = 0 (⌫ /⌫0) �RJ

where ⌫0 is the frequency where the optical depth equals unity
and �RJ is the spectral emissivity index from the Rayleigh-Jeans
range. We tested the opacity both with the optically thin and with
the general modified black bodies (Casey 2012). The median ra-
dius of the galaxies are re,[CII] = 2.1 ± 0.16 kpc (Fujimoto et al.
2020) to estimate Agal. Both provide values that are in the range
[10�4 - 10�2], that is ⌧⌫ ⌧ 1.0, which confirms that the optically
thin assumption is valid here. In the rest of the paper, we only
make use of DL2014 and PL+OT_MBB dust emissions.

After fitting the IR composite template, we derived values for
Tdust and �RJ (Tab. 4). However, these dust parameters are known
to be degenerate depending on the S/N and the wavelength sam-
pling of the far-IR SED (e.g., Juvela et al. 2013; Tabatabaei et al.
2014). This degeneracy is a serious problem when using only
one or a few data points in the far-IR. However, using the de-
rived IR composite template helps to remove the degeneracy. We
tested how well Tdust and �RJ can be estimated by performing fits
with fixed Tdust and varying �RJ , then by fixing �RJ and keeping
Tdust free. The results are compared to the parameters derived by
keeping both parameters free in Fig. 5. Even though we can see

the usual regular evolution of Tdust with �RJ (or vice versa), the
quality of the fit with fixed parameters improves when getting
closer to the Bayesian values derived with CIGALE when both
parameters are free (Tab. 4).

PL+G_MBB PL+OT_MBB DL2014
↵MIR 2.23±0.63 2.00±0.82 N/A
�RJ 1.43±0.47 0.87±0.28 N/A
Tdust[K] 65.5±5.1 54.1±6.7 N/A
qPAH N/A N/A 0.47
↵ N/A N/A 2.39±0.44
umin N/A N/A 18.1±12.7
� N/A N/A 0.54±0.35
Ldust/1020 [W] 2.84±0.14 2.43±0.12 2.57±0.13

Table 4: Main relevant physical parameters derived by fitting the
IR template with the various assumptions of the dust emission:
PL+G_MBB is based on a power law in the mid-IR plus the gen-
eral blackbody formula as in Casey et al. (2012); PL+OT_MBB
is a power law in the mid-IR (↵MIR) plus an optically thin black-
body, which is again similar to Casey et al. (2012); and DL2014
stands for Draine & Li (2014) models. The parameters are de-
scribed in Appendix A. Because the SEDs were normalized to
1.0 at � = 200µm, the values of Ldust can be directly compared.

The value of �RJ = 0.87 ± 0.28 for a power law plus optically
thin modified blackbody found in this paper is low, but com-
parable to the minimum values found by Bendo et al. (2003);
Galametz et al. (2012), for example, for nearby galaxies in the
range 0.8 < �RJ < 2.5. Lower �RJ closer to 1.0 were esti-
mated when fitting di↵erent types of galaxies and more specifi-
cally very low-metallicity galaxies such as SBS 0335-052 (Hunt
et al. 2014), NGC 1705 (O’Halloran et al. 2010), and even low-
metallicity regions in very nearby galaxies with excellent cover-
age to estimate �RJ similar to Messier 33, for instance (Tibbs
et al. 2018; Tabatabaei et al. 2014). Tabatabaei et al. (2014)
found an apparent decrease in both Tdust and �RJ with an increas-
ing M33 radius. This corresponds to regions with low metallici-
ties and they propose that the e↵ect could help to find an origin in
the di↵erent grain compositions and, possibly, di↵erent size dis-
tributions. Assuming such �RJ values for Hiz-SFGs would mean
that the mean dust temperature could be higher than Tdust esti-
mated with emissivities in the range 1.5 < �RJ < 2.0. This result
(�RJ ⇠ 1) needs to be further confirmed for the SEDs of sim-
ilar low-Mstar, low-AFUV galaxies with a better RJ wavelength
coverage.

The value of Tdust found from the IR composite template
(54.1 ± 6.7K) should be compared to other ALMA-based dust
temperatures for objects at high redshift (z > 4.5). In a recent pa-
per, Bakx et al. (2021) present the evolution of Tdust for ”normal”
(i.e., main sequence) galaxies from z ⇠ 0 to z ⇠ 8. A linear in-
crease is suggested up to z = 6. At larger redshifts, a large disper-
sion in Tdust can be noticed even though the linear relation might
hold, given the large uncertainties (Faisst et al. 2020; Harikane
et al. 2020; Sugahara et al. 2021; Laporte et al. 2019). Bakx et al.
(2021) show that adding ALMA Band 9 significantly reduces the
uncertainty on the dust temperature for a single object by further
constraining the shape of the SED. At the mean redshift z = 4.94
± 0.54 of our entire sample, the dust temperature that could be
estimated assuming the linear relation from Fig. 4 in Bakx et al.
(2021) would be Tdust ⇡ 49K, which is not significantly di↵erent
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METHOD: USING THE UNIVERSE AS A SPECTROGRAPH
In our previous work (Burgarella et al. 2022), we constructed an IR template 
based mainly on the ALPINE data sample with an addition of a few other well-
studied galaxies in the redshift range 4.5<z<6.2. The steps are the following:
1. Fit the SEDs of the sample and normalise each individual galaxy SED at the 

rest-frame 200 𝜇m flux
2. Construct a composite IR SED from the normalised ALMA Band 6 or 7 

fluxes of all galaxies, this time in the observer frame. When shifted to the 
observer frame, the flux of the ALMA Bands is at a different wavelength 
for each galaxy, due to the difference in redshift (figure below, left)

3. Fit again these data, as if they are from one object, to create a SED 
template representative of the entire studied sample

The table (right) contains the input parameters of the dust emission models 
used in CIGALE. In this work, only the DL2014 model is shown. 

INTRODUCTION
In anticipation of JWST data, today’s study of early Universe galaxies focuses on 
preparations for efficient data handling. This work focuses on checking the 
validity of one of the methods published recently that is meant to reduce the 
number of models needed to be tested during SED fitting, while still estimating 
the galaxy parameters reasonably well. The SED fitting code CIGALE is used, with 
the focus on the dust emission models provided. For brevity, only the fits 
obtained the Draine et al. (2014) (DL2014) model are used on this poster. 

THE DATA USED
We have chosen to test our method on an older dataset from Bouwens et al. 
(2016). We use flux data for 78 objects with redshifts 4.8<z<9.8, on which we 
perform SED fitting. First, we fit the data with a “full range” of models, i.e. a large 
number of input parameters, to estimate the physical parameters. These are the 
data points against which we compare our new results. Second, we compute the 
parameters from a much smaller number of models (computation that can be 
handled by a personal laptop), using the IR template described in this poster. The
template is built from a different dataset where each object had 5 data points in 
the UV-optical and a S/N>1.5. Of our sample, only three objects met this 
selection (and are indeed used). Thus, the Bouwens et al. (2016) data is a good 
place to start investigating the validity of this method. 
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