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Far-IR number counts are steep at the bright end: very 
luminous SMGs are rare ⇒ simple lens selection

Weiss et al. 2009

850μm

See also Blain et al. 1996
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Figure 10. Left: differential source counts for the ECDFS. The colored lines show the results from the P (D) analysis with functional parameters as given in Table 2.
The black data points show the results from a Bayesian approach to estimate the source counts from the source catalog. The gray data points are the differential number
counts from the SHADES survey (Coppin et al. 2006), the gray line shows their best-fitting Schechter function. The dashed gray line is the SHADES Schechter
function with N ′ scaled to fit our Bayesian source counts. Note that this source count function does not reproduce the observed flux density histogram of the map well
(Figure 9). Right: cumulative number counts for the ECDFS compared to other studies. The black data points represent the direct sum of the differential counts shown
in the left part of the figure, the solid lines are integrals over the results of the P (D) analysis, the dashed line shows the best-fitting Schechter function from Coppin
et al. (2006) for SHADES.
(A color version of this figure is available in the online journal.)

Table 2
Best-fitting Parameters of the Differential Source Counts to the Observed Flux Histogram

Fit aY S′ N ′ α β Smin EBL
(mJy) (deg−2 mJy−1) (mJy) (Jy deg−2)

Power law ( S
S′ )−α b5.0 93 3.2 · · · 0.5 29.1

br. power law ( S
S′ )−α for S > S′

( S
S′ )−β for S < S′ 7.6 25 3.5 3.1 0.5 29.5

Schechter fct. ( S
S′ )−α e−S/S′

10.5 21.5 2.7 · · · 0.3 33.1
Barger fct. 1

1+( S
S′ )α

0.56 106000 3.2 · · · · · · 32.0

Notes.
a Counts are parameterized as dN

dS = N ′ × Y .
b S′ fixed to 5.0 mJy.

et al. 2006) which is comparable in size, but has a noise level
∼2 higher than LESS.

For comparison to previous work, we derived the cumulative
source counts by directly summing over the differential source
counts derived above. The cumulative source counts are shown
in comparison to other studies in Figure 10 (right). In this figure,
we also show the integrals over the functions fitted by our P (D)
analysis (Table 2).

3.4. Two-point Correlation

We have investigated the clustering properties of the SMGs
in the ECDFS by means of an angular two-point correlation
function. w(θ ) and its uncertainty was computed using the
Landy & Szalay (1993) estimator. The random catalog was
generated from the same simulations we used for our complete-
ness estimate (Section 3.2.2). To generate random positions
of the sources we used the LINUX random number generator
(Gutterman et al. 2006). The angular two-point correlation is

presented in Figure 11. We detect positive clustering for angu-
lar scales below ∼1′, although only the smallest angular scale
(20′′–50′′ bin) shows statistically significant clustering (3.4σ ).
For comparison to other studies we fit the angular correlation
by a single power law using

w(θ ) = Aw (θ (1−γ ) − C), (9)

where C accounts for the bias to lower values of the observed
compared to the true correlation (see, e.g., Brainerd & Smail
1998). As our data are too noisy to fit all three parameters,
we fixed γ to 1.8 which has been used in many other studies
(e.g., Daddi et al. 2000; Farrah et al. 2006; Hartley et al. 2008).
This yields Aw = 0.011 ± 0.0046 and C = 12.4 ± 2.5 or a
characteristic clustering angle of θ0 = 14′′ ± 7′′. We also calcu-
lated C directly from our random catalog using Equation (22)
from Scott et al. (2006) and assuming γ = 1.8. This yields
C = 4.5 and Aw = 0.007 ± 0.004 (θ0 = 7′′ ± 5′′) for a sin-
gle parameter fit of Equation (9) to our data. These numbers
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Remember that with SPICA lenses will be unresolved 
(similarly to Herschel)

Vlahakis et al. 2015
G12.v2.43 70μm

60”
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SMI

SAFARI

A variety of lines are accessible to SMI and SAFARI
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Herschel PACS OT2 survey of 13 lenses to probe ISM 
conditions: targets

Spinoglio et al. 2009

Wardlow et al. 2017
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Most sources are undetected, so use stacking (45 
SMGs) including 32 in the archive, to get deeper
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Wardlow et al. 2017
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We reached typical (stack!) depths of ~few x10-18 W/m2. 
Need to go deeper = SPICA! 

Wardlow et al. 2017
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[OI]-63μm: on average suppressed similarly to low-z 
ULIRGs, but variety in different sources

Thanks to Javier Graciá-Carpio and SHINING for 
sharing their compilation of local data. Wardlow et al. 2017
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[OIV]-26μm: no evidence of AGN in the stack, but not 
deep enough to definitively rule out some contribution

Thanks to Javier Graciá-Carpio and SHINING for 
sharing their compilation of local data. Wardlow et al. 2017
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SMGs have high gas phase metallicity: Z≳Z⦿

Wardlow et al. 2017
See also Pereira-Santaella et al. 2017 & 

Rigopoulou et al. 2018 
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We use the [OI], [SiII] & (published) [CII] to constrain
 PDR (gas) parameters via modelling

Using PDR Toolbox (Kaufman et al. 1999, 2006 models).
[CII] from Gullberg et al. 2015 

Additional considerations

• [OI] self absorption

• Metallicity & AGN 
contribution

• Filling factors: M82 values 
from Kaufman et al. (1999) 
to estimate strength

• Optical thickness

• Differential lensing: use 
Serjeant (2012) to estimate 
effects. 

• HII region contribution

• Source sizes
(Gas density)
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Wardlow et al. 2017
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SMG PDR modelling of FS lines in tension with [CII] & 
CO: different regions? lensing effects? PACS misleading?

Using PDR Toolbox (Kaufman 
et al. 1999, 2006 models) Wardlow et al. 2017
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Summary

• PACS observations of we fine structure & H2 lines in some of the most apparently luminous z~2 
galaxies (lensed SMGs) → mostly non-detections, to ~10-17 W/m2.

• Stacking of up to 45 SMGs reached ≥3σ detections in [OI]63, [SiII]34 and [NIII]57μm, and non-
detections in 6 other lines, down to σ~10-18 W/m2.

• We need to go substantially deeper than σ~10-18 W/m2 to reliably detect even highly 
magnified SMGs → SPICA! 

• There is a tension between PDR modelling results from [CII]/CO lines and FS lines for SMGs. 
Only SPICA can provide the data to understand & reconcile this. 


