
Can we correct optical light measurements 
only using radio-based relations? 

Alot of people helped to shape this paper, from all 
different parts of the global research community!

That’s me!

The key idea:

Background Information:

We measure the relationship between uncorrected, optically 
derived star formation rates and intrinsically dust-
corrected radio-derived star formation rates and use this 
empirical relation to infer corrections for galaxies out to 
high redshift. The resulting star formation rate densities 
are systematically overpredicted at high redshift, implying 
that the dust properties of local and high-redshift galaxies 
must differ fundamentally.

Galaxies tell us a lot about 
the universe! 

Star formation within 
galaxies is a very important 
property and process.

Therefore, we NEED new 
and accurate ways to 
correct measurements of it 
– especially when our data 
is from galaxies super far 
away! 

♩♪
♩♪ ♩♪

♩♪
♩♪



This page outlines the key concepts involved in correcting the 
observed light from distant galaxies and converting it into a 
physically meaningful measure of the star formation rate.

People use all different 
wavelengths to measure star 
formation!

A good option is H⍺ as it 
emitted from young, short-
lived stars. The strength can 
help us infer how many stars 
were recently born.

HOWEVER optical light is 
affected by dust surrounding 
the galaxies it originated 
from. Dust absorbs starlight 
and reemits it at higher 
wavelengths. 
One goal of this paper is to 
find a different way to 
change the light back.

Some people use the Balmer 
Decrement to correct for 
dust which is a theoretical 
ratio of emission lines that 
can help us see how much our 
light is affected by dust. At 
high redshift, this option is 
often not feasible! 

Okay, so we could use radio 
wavelengths instead – radio 
passes through dust without 
being affected and has been 
shown to correlate well with 
infrared and optical baby 
starlight!  

This method can’t be perfect. 
We may get affected by AGN 
and other processes that give 
off radio wavelengths. 

But is there a way we can use 
this correlation to correct the 
optical data we already have?! 
(... This is what this paper is 
about). Can we also see if this 
correlation changes based on 
the strength of the baby 
starlight and if it changes 
based on how long ago the light 
was emitted (… also yes!)



What data did we use?

Evolutionary Map of the 
Universe:

Galaxy and Mass Assembly:

Selecting the good data:

Step 1: Make the uncorrected 
optical vs naturally 
corrected radio relationship!

Here we say that we assume 
a common stellar initial mass 
function – this removes a 
source of bias!

GAMA is the optical survey 
where we get all the H⍺ data!

The important part is that 
both data sets are from the 
local universe. (keep this in 
mind) 

EMU is the radio data survey 
we use for the naturally 
corrected measurement 
part.

Here we outline all the quality 
assurance checks we do to 
make sure our data is good 
enough to make bold 
statements! We also cite 
places that have shown 
statistically why these are 
good and important to do.

Star Formation Rate = SFR



Correcting for Dust

Luminosity Densities

We use a few diagnostic tools 
based on emission line ratios, 
so one check we do is to make 
sure we are looking at 
sources with emission line and 
not absorption lines! 

We also make sure we have 
good signal to noise, that the 
redshift measurements are 
of high quality, and that 
there are no NaN or 
saturated values that have 
crept in from the telescopes.

BPT Diagram: This is a tool to 
check that our sources’ light is 
from stars and not some other 
process.
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Other 
stuff Once we make our 

relationship, we want to apply 
it to H⍺ luminosity densities. 
These luminosity densities 
are used to calculate the 
star formation rate density 
over cosmic time, which is 
our real end goal! 

Note:
Luminosity ∝ SFR

Our relationship works by 
taking an uncorrected H⍺ SFR 
and finding its corresponding 
naturally corrected radio SFR.
We can then switch between 
Luminosity and SFR simply! 



Calculating Star Formation 
Rates using Radio Wavelengths

Calculating Star Formation 
Rates using Optical Wavelengths

This whole section basically 
justifies why we can use this 
simple relationship to do a 
pretty complex correction. 
We discuss the different 
physical processes the two 
types of light trace and how 
they trace processes that 
occur on different 
timescales. Despite all that 
we show studies where they 
still correlate, but it is still 
something to consider.

Here we show how we take 
our raw EMU radio data and 
turn it into a SFR to 
construct this relationship 
we keep talking about.

Essentially:
Flux -> Luminosity -> SFR

Through different scaling 
relations!

This details how we take 
GAMA optical light to SFR, 
which is basically the same 
process but there are a few 
more signal corrections to 
do.  



How are these Star Formation 
Rates related?

How does this relation affect 
us? – i.e. the Results

Uncorrected optical vs naturally 
corrected radio SFR relationship

The Local Data

Fit to the local data

Naturally correct Radio SFR

The line where SFRs are equal which
would only happen if there is no dust!
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We plot the two different 
star formation rates and 
then fit a simple linear 
relation to the data. 
As you can see there is a 
strong correlation! 

This line is basically a way 
to describe how much dust 
there is in the universe by 
how far it deviates from 
the one-to-one line.

We also present two 
intermediate relations between 
the dust-free relation and the 
locally derived SFR relation. 
These are based on an 
iterative procedure designed 
to determine the corrections 
required to reproduce star 
formation rate densities 
consistent with observations 
across different epochs of 
cosmic history.

It is useful to reconsider this 
plot after a full readthrough!

By taking an uncorrected SFR 
we can directly read off its 
corrected SFR!



How did we fit the new data?

1. Take all the H⍺ luminosity functions we can find
2. Turn them into SFRs
3. Apply our correction using the local relationship 
4. Turn back into luminosity functions to refit and do analysis
5. Repeat to explore the other relationships (dust free, 
hypothesized other redshift models)

Refitted Luminosity functions:

Luminosities after local relationship dust correction
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Calculating the overall effect

This is the summary of all 
the new luminosity function 
fits with the four different 
corrections

This is the math we use to go 
from luminosity function to 
star formation rate density.

If we apply the local dust 
correction relationship, then 
it works well for local 
observations but HUGELY 
overpredicts at high redshift.

This is where those other two 
relationships come in!

The steeper relationship or 
more dust free actually fits
pretty nicely at high redshift. 

The relationship closer to our 
local relationship fits best at 
intermediate redshifts. 

Here we outline the effects 
of each model as seen in the 
figure on the next page.

If we apply the dust free 
line, then we greatly 
underestimate high redshift 
observations.

The highlighted colors 
correspond to the lines 
on the next page!



Our dust correction model 
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Cosmic HistoryPresent Day Towards 
Big Bang

Resulting amount of star formation 
if corrections are used:

Local Correction

Dust Free

Small Dust correction

Medium Dust correction

If there is a different 
level of correction needed 
as we go back in cosmic 
history, then maybe we 
should make a correction 
that is both luminosity AND 
redshift dependent.

We therefore perform a 
spline fit between the 
models in the regimes 
where each provides the 
best agreement, 
producing a proposed 
dust-correction model.



The Takeaways

This may provide important 
insight into the evolution of 
dust content throughout the 
Universe, or at the very least 
into how dust attenuation is 
measured. 
Our results suggest that the 
early Universe contained 
significantly less dust than is 
observed locally. 
Alternatively, this may indicate 
that dust in the early Universe 
is distributed or traced 
differently from what is 
currently assumed in existing 
models.

Our combined Luminosity and Redshift 
dependent dust correction model !!!

Cosmic HistoryPresent Day Towards 
Big Bang
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The color indicates which 
model is active in the fit

We made a cool new way to 
correct optical light for 
dust beyond our local 
universe when we don’t have 
all the traditional data 
methods to do this. 

We use radio data to 
construct a correlation, 
that we can use to correct! 



We would like to thank…

The local correction doesn’t 
work throughout all cosmic 
history, so we try some 
other correction strengths.

This allows us to make an 
inferred redshift and 
luminosity dependent 
correction for dust! Woo!

Thankyou to some people 
for minor comments on this 
work and also the telescope 
facilities for this cool data 
to play with!

I’m still working on turning 
this methodology into a self 
consistent python package 
– stay tuned! 

References:

This work uses a lot of 
contested ideas about 
dust, measurements, 
corrections, star 
formation etc. etc. that 
means we needed to cite 
a lot of people's ideas to 
convince you this works. 



Here is a table that shows all the star formation rate 
densities that took months to find, put into the same units, 
and correct so they had the same underlying physics…

Like a lot of people’s ideas…

If you want to know more about 
certain parts of the method, you 
will probably find more details 
here. 



Oh and some more …

Please someone use them …

I beg …

This annotated version was made by: 
Jayde Willingham
Aka the first author!


