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Sub-Millimeter Galaxies (SMGs)Smail et al. 1997; 
Hughes et al. 1998; 
Barger et al. 1998

- High redshift population 
(z ~ 2-3)

- High IR luminosities 
(LIR ~ 1012 – 1013 L⦿) 

- Star Formation Rates 
(SFR ~ 100 – 1000 M⦿/yr)

- Dusty 
(Mdust ~ 108-9 M⦿) 

CAPÍTULO 1. INTRODUCCIÓN 8

Figura 1.3: Luz extragaláctica de fondo (EBL) más la contribución del CMB. Se muestran de
manera esquemática los fondos de radiación COB, CIB y CMB, es posible apreciar el valor de
cada fondo de radiación en las unidades de nW m�2sr�1, donde claramente el CMB domina
sobre el COB y el CIB, además que la contribución del estos dos es casí la misma. Esta imagen
es obtenida de Dole et al., 2006.

1.3. Galaxias submilimétricas (SMGs).

La banda submilimétrica (sub-mm) se sitúa entre el lejano infrarrojo y las microondas del es-
pectro electromagnético, ocupando un rango en longitud de onda desde 200µm hasta 1mm
aproximadamente, siendo uno de los principales contribuyentes al CIB. Las primeras observa-
ciones en este rango abrieron una nueva ventana a la astrofísica, ya que con estas se descubrie-
ron distintos objetos que solo se ven en este rango del espectro y además se pudieron obtener
características diferentes en algunos objetos ya conocidos, teniendo así más información sobre
los mismos para entender mejor sus características y comportamiento.
De los mapeos extragalácticos en la banda submilimétrica se encuentran algunos como el ex-
perimento llevado a cabo por Herschel, el Balloon large Area Survey Telescope (BLAST) el
cual cubre ' 20deg2 (Devlin et al. 2009). Los mapeos que se han realizado en la banda sub-
milimétrica con telescopios terrestres son: a 450 y 854µm con la cámara SCUBA en el James
Clerk Maxwell Telescope (Hughes et al. 1998; Eales et al. 1999; Coppin et al. 2006), a 1.2mm

High-z ULIRGs (?)
Massive Elliptical progenitors (?)

DSFGs

SMGs
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Negative k correction

Blain+2002Kohno+2010

Thermal dust emission
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@1.1mm

ULIRGsLIRGs

Nava-Moreno+(in prep.) Montaña+(in prep.)Deep and small surveys
(Interferometers, grav. lensing)

Large and shallow 
surveys (Single-dish)
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SMGs
DSFGs

UDF
LSSF

~0.1mJy

~1mJy
~0.8sq.deg

~50sq.deg



Herschel-ATLAS (H-ATLAS) ➟
~ 600 sq.deg in 5 fields

Eales+2010; Valiante+2016 

PACS:    λ = 100 y 160 μm
SPIRE:   λ = 250, 350 y 500 μm

1σ = 7.4, 9.4 and 10.2 mJy
FWHM = 17.8”, 24.0” y 36.6”

Negrello+2010The Herschel 500µm counts

Planck
SPT 
ACT
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Sub-Millimeter Galaxies (SMGs / DSFGs)

• Distribution at z > 4?

• Space density?

• Contribution to the SFRD at z > 4?

• Are they really progenitors of massive ellipticals?

• What triggers their high SFR?

• Mergers or extreme discs?

• How do they trace the LSS (bias)?

• What is the roll of environment in their evolution? 

14 J. A. Zavala et al.
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Figure 7. The inferred dust-obscured star formation history is illustrated by the orange shaded region in the bottom panel.
For comparison, we plot independent measurements from the literature based on IR/sub-mm and UV surveys (orange circles
and blue squares, respectively) and the average unobscured star-formation derived from rest-frame UV optical surveys (i.e. not
corrected for dust attenuation; blue shaded region; Finkelstein et al. 2015). The total inferred SFRD derived in this work is
shown in gray. The uncertainties in our estimation include those from the best-fit parameters and cosmic variance. The middle
panel represents the fraction of obscured star formation, SFobs/(SFobs +SFunobs), and its associated uncertainty (lighter shaded
area). The contribution of dust-obscured galaxies, which dominates the cosmic star-formation history through the last ∼ 12Gyr,
rapidly decreases beyond its maximum, reaching values that are comparable to the unobscured star formation traced by the
rest-frame UV/optical surveys by z ≈ 4− 5. The top panel represents the contribution from galaxies with different luminosity
ranges to the dust-obscured SFRD, being dominated by ULIRGs (ultra-luminous infrared galaxies; 1012 < LIR < 1013 L⊙) and
LIRGs (1011 < LIR < 1012 L⊙).

Zavala+2021
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Selecting high-z candidates

Kohno+2010

SPIRE:   λ = 250, 350 y 500 μm

Ivison+2016
The H-ATLAS sample of (ultra)red sources

7961 candidates
S500/S250 > 1.5 and S500/S350 > 0.85
SNR500 > 3.5

2725 eyeballed
22% rejected due to confusion

500µm risers  ➟ z > 4 candidates
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1.1mm AzTEC follow-up of H-ATLAS 
(ultra)red sources.

Early Science with the 32m-GTM (2014-2015)

100 (93) ultra-red candidates
S500/S250 > 2 and S500/S350 > 1
SNR500 > 5
35 mJy < S500 < 80 mJy
Cross-checked with radio, 
NIR and optical. 

80”x80” postage-stamps (r~2arcmin)
rsearch = 36.6” ( > FOV than interferometers)

Sample

FDR

Above 4σ
40/93 ➟ 43% individual
8/93 ➟ 9% multiples

45/93 ➟ 48% non-detections!!!

FWHM ~ 9.5”
< 1σ > = 1.5 ± 0.5 mJy

Source detection

Observations
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Non-detections Completeness if S500 
extrapolated 

to 1.1mm

Completeness from < S1100 >

- Multiple systems
- Steep RJ slopes (?)

Non-detections are 
not correlated with 
S500 or σ1.1mm

9% - 50%

18% - 60%
+higher resolution 
multiplicity09/17



Photo-z and LIR Using AzTEC and deblended Herschel photometry

< LIR > ~ 1.3x1013 L⦿
8 extreme candidates

multiples
singles

< z > = 3.6 (3.8 vs 3.5)
85% @ z > 3
33% @ z > 4

18 robust z > 4 
candidates
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16.3 GHz 

H20(211–202) 12CO(6–5) 12CO(5–4) GTM /RSR

“Lens” @ z=0.77 

SFR = 380 M⦿/yr
SF efficiency comparable to local ULIRGS

µ~9.3 
G09.83808 @ z = 6.03 Zavala+2018

RSR (3mm) and SMA (1mm) follow-up
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RSR 3mm follow-up

Zavala+2018

Fudam
oto+2017

50m
-LM

TPhysical properties 
(Marianela Quirós, MSc thesis)
< Tdust > ~ 48 K
< β > ~ 1.7
< Mdust > = 1.2 x 109 M⦿

nH2 = 3.2 – 7.9 cm-3

< Mgas > = 1.9 x 1011 M⦿

SFR = 2400 – 5200 M⦿/yr
τdep = 30 – 82 Myr

SLEDs: 2mm B4R/LMT
VLA
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Physically Interacting Systems
& Overdensities

23 AzTEC “serendipitous” detections
But only ~4 are expected given the total 
survey area (~720 sq.arcmin).

Probability ~ 8 x 10-12

Overdensity parameter = 4.75
(in agreement with Lewis+2018 )

Are some of these red-Herschel 
associated with high-z galaxy 
overdensities?

G15-48916 SGP-400082

NGP-94843 SGP-106123

Δz < 0.06

Δ > 70 kpc
(z = 4)

pre-coalescence galaxy pairs?

ALMA/LMT follow-up (please!)

13/17



Summary & Conclusions

Herschel
targets

(93)

Non-detections
45 [33]

Multiples
8 [13]

Singles
40
[46]

3<z<4
51%

[53%]

z>4
38%

[36%]

3<z<4
53%

[48%]

z>4
20%

[22%]

Interacting
25% 
[31%]

Multiplicity
9% (18%) - 50% (60%)
~25% no longer “red” (Ma+2019)
Larger multiplicity fraction in the 
brighter (S500>60mJy) targets.
Redshifts
< z > = 3.6 (3.8 vs 3.5)
85% @ z > 3 / 33% @ z > 4
Properties
< LIR > ~ 1.3x1013 L⦿
SFR = 900 – 5200 M⦿/yr
Population at 4 < z < 6
Space density = 3x10-7 Mpc-3

SFRD > 8 x 10-4 M⦿/yr/Mpc-3

- 2 new zspec>4 + 4 confirmed
- Catalogue with deblended

photometry + sub-samples

14/17



Bonus track (work in progress)
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SCUBA 850µm,  0.45mJy r.m.s.
5 fuentes > 3σ

TolTEC 1.1mm,  0.025mJy r.m.s.
100 fuentes > 3σ

GTM 50-m / TolTEC (advertisement)

GTM/TolTEC 1.1mm 
(simulations)

JCMT/SCUBA 850µm HDF survey6 sq. arcmin

15” FWHM5” FWHM

Hughes et al. (1998)

toltec.astro.umass.edu/
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SCUBA 850µm,  0.45mJy r.m.s.
5 fuentes > 3σ

GTM/TolTEC 1.1mm 
(simulations)

JCMT/SCUBA 850µm HDF survey

6 sq. arcmin

15” FWHM5” FWHM

Hughes et al. (1998)

toltec.astro.umass.edu/

+ 1.4 & 2.0mm!!!

1800 sq. arcmin

TolTEC 1.1mm,  0.025mJy r.m.s.
25,000 fuentes > 3σ

5” FWHM

GTM 50-m / TolTEC (advertisement)
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50 horas



SCUBA 850µm,  0.45mJy r.m.s.
5 fuentes > 3σ

GTM/TolTEC 1.1mm 
(simulations)

JCMT/SCUBA 850µm HDF survey

6 sq. arcmin

15” FWHM5” FWHM

Hughes et al. (1998)

toltec.astro.umass.edu/

50 horas
1800 sq. arcmin

TolTEC 1.1mm,  0.025mJy r.m.s.
25,000 fuentes > 3σ

5” FWHM

GTM 50-m / TolTEC (advertisement)
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