
Confusion limit of future Far-InfraRed 
observatory in spectroscopy

Negligible or unavoidable ?



Internship’s Stakes
 Why this mission ?
NASA PRIMA Mission selection : Far InfraRed or 
X-ray

→ Is a Far InfraRed mission a priority ?
Field unexplored after Herschel because of 
instrumental limitations (atmosphere & thermal 
emission)
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Image 1 : Herschel telescope Image 2 : Herschel Components

Proposed project :

➢ Cryogenic mirror (~5K) : good sensitivity but 
limited size or poor resolution ⇒ confusion

Effect studied in photometry but not in spectroscopy

Image 3 : PRIMA telescope
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From PRIMA Website



Confusion Limit & Flux Bias: Definitions
Confusion limit: faintest flux density at which we can extract sources reliably

(in the limit of zero instrumental noise).

Flux bias : Ratio of brightest real flux / measured flux
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Flux bias example Confusion limit example



Complete UV Observations
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Star/AGN UV Rays

Molecular Cloud             +      Dust
(lines ↔ 1% of the emission)      (continuum)

Space-Based Telescope

Ground-Based Telescope

FIR Rays



Study confusion limit - Continuum (PRIMA) 
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The Simulated Infrared Dusty 
Extragalactic Sky (SIDES) :

Semi-empirical Galaxy evolution 
simulation model

Simulated PRIMAger maps
affected only by the confusion noise 

(and not the instrumental one)
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Background :

Standard deviation σ :

difficult to determine due to confusion 
→ mode = artificial one

mode

5σ commonly used in
Astrophysics & Particles Physics

→ analogy with Gaussian
↪ Probability of 0.00006% that the data are 
fluctuations and not a signal-3σ     -2σ     -1σ      0      1σ      2σ      3σ

Confusion Limit = mode + 5σ



How reproduce confusion in a simulation

Reproduce the instruments behavior: 
convolution filter to blur each source

- realistic Airy function
- modulated by the distance

⇒ Creating confusion

We seek to return to the original source 
emitting with the right intensity as 
much as possible.
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Peaks-Sources extraction
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Comparison of the 10 most intense sources

Objective :
Create our own extractor to 

detect sources above a given 
threshold.
(the mode previously calculated)

Then, comparison with an already 
existing source extractor.

Finally, match to the simulation 
input galaxy catalog.



Confusion limit & flux bias (Continuum)
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Flux bias   = 1  - Brightest real flux
Measured flux

↪ Flux bias of  0
⇒ All the signal comes from the  
brightest galaxy
⇒ Non polluted source

↪ Flux bias close to 0.5
⇒ Half of the measured signal 
comes from neighbours
⇒ Polluted source

Retrieve Paper results :
Confusion Limit ∽ 4.6 mJy/beam

Confusion 
limit ∽ 5x10-3

[Jy/beam]



Spectroscopy
Generation of a 3D cube

(3rd dimension: frequency)
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z = 
υemitted

υobserved(redshift)

ra [°]

dec [°]

λ [μm]

Is confusion negligible 
in spectroscopy ?

 - 1



Determining the confusion limit
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Flux bias  =  1  - Brightest real flux
Measured flux

Confusion limit 
⁓ 7.1 x 10-3

→ slight bias but 20 % come from overestimated sources

Instrument’s 
sensitivity ∽ 1.7

1 +



13Confusion limit ⁓ 7.1 x 10-3

Instrument’s 
sensitivity ∽ 1.7



14Confusion limit ⁓ 7.1 x 10-3

Instrument’s 
sensitivity ∽ 1.7



Instrumental limit 
Sensitivity: 4 Jy km/s    ⇔    1.7341 
mJy/beam       

- Value ∽ 102 higher than the 
confusion limit

- Worst Case Scenario
- 1 hour observation value
- Sensitivity ∝ 1 / √time

⇒ ∽  104 hours (∽ 42 days) would be 
necessary to reach the confusion limit !
Not physically reasonable, so the 
confusion limit is not a problem.
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Problem solved ? Not completely…
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Median flux bias for various lines

Observation in 
235µm

Structured matter but no star 
formation

⇒ max between maturation and 
structuring 
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Clustering



Spatial distribution of confused sources
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Confused sources are mainly within the structures



Composite fluxes composition
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Which lines are contributing to a given confused source ?



Conclusion
★ Different lines lead to different bias

★ Low confusion limit ⁓ 10-2 mJy/beam
○ Negligible & not reached
○

★ But 15-20% of the sources are more than 20% contaminated
○ bias expected for faint sources but not bright ones…
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Perspectives: Study at long wavelength 
in spectroscopy

Negligible at shorter wavelengths 
and comment on treating and 

correcting this effect ?
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