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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

Source Number of Selection redshift Notes
objects
Le Feévre et al. 118 SFG z~45 * 20 ALMA-7 detections with S/N > 3
(2020); Faisst et al. z~5.5 * 78 ALMA-7 upper limits
(2020); Bethermin * 18 ALMA-T7 not selected (not enough data)
et al. (2020) S/Nuv-opticai-nir > 2.3.
* SFG with > 5 data points in UV-optical only
* [CII]158um measurements for 64% of the sample
Capak et al. (2015) 4 (HZ4, HZ6, uv z~5.06 * [CI]158um for all Hi-z LBGs
& HZ9, HZ10 * ALMA-7 detections: HZ4, HZ6 (3) HZ9 & HZ10 (5)
Faisst et al. (2017) * ALMA-7 upper limits for the others
¥ HZ5 detected in Chandra and not included in the sample
* Additional data from Pavesi et al. (2016)
Scoville et al. 1 (566428) uv z=5.89 g ALMA-6 detection
(2016) [CITT58um measurement
Willott et al. 2 (CLMI1 & uv z~ 6.1 | * ALMA-6 detections
(2015) WMHS) * [CIH]158um measurement

Table 1: Origins of the data used in this paper. The total sample contains 27 objects with ALMA detections, including 7 LBGs from
Burgarella et al. (2020), out of a total sample of 124 objects. The final sample used in this paper contains 105 objects (27 with
ALMA detections, 78 with ALMA upper limits and 18 without enough data in the UV-optical-near-IR range to perform a safe SED
fitting).
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Results

Parameter | DI12014 | PL+OT_MBB
M 0 [M] (1.18 £ 0.19) x 10'° | (1.18 £ 0.18) x 10'°
SFR [My yr™'] 47.6 +5.1 46.8 +5.0
My [M]* (5.64 +0.69) x 107 | (2.07 £ 0.25) x 107
Lia [Ess] (3.38 +0.41) x 10" | (3.32 + 0.40) x 10"!
Lryv [Lol (1.07 + 0.06) x 10! | (1.06 + 0.06) x 10!
sSFR[yr™'] | (1.16 £0.34)x 107® | (1.15+0.34) x 1078
SMust® 0.010 + 0.003 0.004 + 0.001
IRX 0.31+0.14 0.31+0.13
. [ 1.14 +0.15 1.14 +0.15
agemain [Myr] 440 + 98 444 + 98

Table 6: Mean value and standard deviations of the physical parameters derived from the fit analysis of the individual objects
in our sample. The Bayesian outputs are listed here. “The values listed in the table are those computed with xy = 0.637 m*kg~"
corresponding to Draine et al. (2014). For ky = 0.45 m*kg™" [ky = 0.72 m*kg™", resp.], that is before [after, resp.] the reverse shock,
we have: My, = (291 + 0.35) x10” Mg, [My,, = (1.82 + 0.22) x107 M, resp.] and sM ,,, = 0.005 + 0.002 [sM ,,, = 0.003 +
0.001, resp.].

Properties of the IR composite template

SFRvs. M,

AFUV Vs. Iv'star

IRX vs. Bruy

* sSM, VS- SSFR (Dust Formation Rate Diagram = DFRD)



* Properties of the IR composite template PL+G_MBB PL+OT MBB DL2014

Ly /10 [W]  2.84+0.14  243+0.12  2.57+0.13

QMIR 2.23+0.63 2.00+0.82 N/A

Bry 1.43+0.47 0.87+0.28| N/A

Taus[K] 65.5+5.1 54.1+6.7 N/A

qpraH N/A N/A 0.47
. | | @ N/A N/A 2.39+0.44
| Upnin N/A N/A 18.1+12.7
{ } I y N/A N/A 0.54+0.35

Beta

1.4

« flux > 2 MJy/sr
x flux > 5 Mly/sr
i flux > 10 MJy/sr

1.2

Table 3: 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
1s a power-law in the mid IR (ap;r) plus an optically thin black-
body, again similar to Casey et al. (2012) and DL2014 stands
for Draine & Li (2014) models (the parameters for DL2014 are
described in Appendix A). Because the SEDs are normalized to
1.0 at A = 200um, the values of L, can be directly compared.
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ies as a function of redshift. The newest Ty estimates for A1689-
zD1 are shown in red (star for SED-fit and hezagon for the [C11]-
based result). Dust temperatures obtained from stacked SEDs
(blue and green circles) increase linearly with redshift up to z = 6.
We highlight all the continuum detected sources at z > 7 with
small post-stamps, and include their estimated 74 based on both
SED fits (triangles) and the [C 11]-based method (hezagons; Faisst
et al. 2020; Harikane et al. 2020; Sugahara et al. 2021; Bakx et al.
2020; Laporte et al. 2019). The addition of band 9 data signif-
icantly reduces the uncertainty on the dust temperature of this
source with respect to the other high-z sources, which are not

observed in that band.

6 8

redshift

PL+G_MBB PL+OT_MBB DL2014
QMIR 2.23+0.63 2.00+0.82 N/A
Bry 1.43+0.47 0.87+0.28 N/A
T jus:[ K] 65.5+5.1 54.1+6.7 N/A
qprAH N/A N/A 0.47
a N/A N/A 2.39+0.44
Wsnin N/A N/A 18.1+12.7
Y N/A N/A 0.54+0.35
Lua/102 [W]  2.84+0.14  243+0.12  2.57+0.13

Table 3: 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 (ar) plus an optically thin black-
body, again similar to Casey et al. (2012) and DL2014 stands
for Draine & Li (2014) models (the parameters for DL2014 are
described in Appendix A). Because the SEDs are normalized to
1.0 at A = 200um, the values of L ,,, can be directly compared.
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* IRXvs. Bryy

* Schulz et al. (2020)
suggests an evolution
of the intrisic UV
slope with redshift in
range0<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.
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* We need to calibrate
the evolution with
redshift, or more
physically with mass-
weighted age of the
stellar populations.
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* An important parameter is
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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. M., of the sample in agreement with
previous works

Aryy VS. M,.: we confirm the evolution in redshift of
the relation with apparent A, > 0 at log(M,)< 9.0

Best model for IR_Composite
(z=0.0, reduced x2=0.41)

‘ ’ | l\;;w‘““
modified

Tauer =E4.1‘

__*____]l;_.}__*__+___J[___’r_‘_2___i].}_,ﬁ,_ir_

).87 + 0.28.

111111111111

IRX vs. B¢,y we find an evolution of the intrinsic UV
slope [, with the age of stellar populations (and
redshift).

sM st VS. SSFR (DFRD): Estimating My, 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.




Fin
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IR fine-structure lines in the South Pole
Telescope sampleat2<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.

* | will present a possible solution to meet the above science objective.



