Ip) P Jp
Jp %) )

Can we correct optical light measurements
only-using radio~based.relations?
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-~ The-key idea:
NVa presen 10V DI recti 1NinQ w\ tiopas fog « extinction by ibratin ng lio-basg { \ul tion
We. measure the celationship between Uncorrected, optically
rrection i 11 or derivipg SFRs from jest-frame UV-gptical emissio articularly as th d lescope xundx
der‘\/l ‘& Qr OPMGtﬂGW«»F@t@& aﬂd\tlﬂtrtlnﬁtﬁa“ u tqn method exploits
the empirical relat Hl tween obscuyed (Ha) and ynobscured (radio) SFRs to provide a dust ml\ ction that can be ap p] ed \h re

correcte radio~derived star £ ormatmn rat ea Iand vee this:

» 25 published Ha luminosity functions spanning 0 < z < 8 and derive corresponding star formation rate densities (SFRDs). Adopti

em xmwl relationtorinfer clom”ectvgﬂs for galaﬂuesmaut*~ 0

Motivdted by the luminosity dependent relation in the local Universe, we introduce a new modeNhere the luminosity xl:lvmfme of
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Zihﬁ\“ﬁys\‘témdf“d&ll@‘“b\)é?‘pi“éd‘“c”céﬂ“d“li“h”’ igh r*edsh.LFt mply ‘*‘r\yd
that the dust properties of local ‘and high=redshift galaxies
mustl (drf*fe{”— sfundamentally:: 17 v 200

-Background lnformatuon.,. ‘Therefore; we NEED new:

'] omy tar mmvllun T Serves as a | iagnostic

salaxies are a key building block of the Universe as he 111 1ary v i i 111\1 I\m
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‘galaxies is a very 'mportant zawa
p‘rppertg ‘and‘ process,
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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.vse,all dif fecent
wavelengths.to-measure star
formation!

A..good.option is.Hov-as.it
emitted from youn g, short—
lived stare. The strength-can
help-vs infer how 'many stars
were cecently bocn.

HOWEVER optical light is

Okay, 90-we could-vse radio
wavelengths:instead “radio
passes throvgh dust without
being af fected and has been
shown.to corcelate well with
inf.cared.and optical.-baby
starlight!

This method can't be perfect.

af fected by dust surrounding g sy get aFfected by AGN

the-galaxies it-originated
from. Dust absorbg starlight
and ceemits it at higher:
wavelengths,

One:.goal.of: this.paper is-to
find a-dif fepent wayto
change the (ight back:

Some: people.vse the.Balmer
Decrement to-correct-for
dust which i9'a-theoretical
catioof ‘emission lines that
can’help us,see how. much our:
light is.af fected by dust. At
high redshift; this.option.is
often not feasible!

and other processes that give
of f.radio-wavelengths,

But'is there a way we can vuse
this coccelation to coricect the
optical.data we already have?!
(s This is-what this-paper-is
about).;-Canwe-also-see-if this
correlation changes'based on
the sttength of  the baby
staclight and.if it.changes
based .on how.long.ago.the light
was.-emitted (....als0.yes!) 7
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correction removal and IMF conversion where needed.

Here-we: say-that we-assume i

luminosities is introduc®d and applied to published work. The

\LCOMmoﬂlUSteﬂa‘hm 1 nfﬂi‘alluc‘YNa]asw y

function and star formation rate \U]\l[\ (SFRD) evolution

f‘.?ﬂCtTdhmw “thi‘@‘“removelsllugnalm m:

km

on dust

eaq‘ﬁhé \f’ﬂ b dﬁ‘fun measurements (e.g. Planck
11 opting more precise cosmological

values does not change any of our analysis measurably. We adopt
a Chabrier IMFE, converting other published results to this IMF as

needed.

*What data did we vse?,

This analysis requires data from multiple uldﬁwuu to create a
multiwavelength study of star forming galaxies (SFGs) that con
nects the obscured Ha SFR tracer to the unobscured radio SFR
t of sources over a large enough coverage

tracer, for the same set

LT
bﬁt‘éﬁ.\l Make the uncorected:

opkins et al, ), focusing on he(l 3 field. This dataset is inte
optical ve nat

g\ data from the Galaxy
and Mass survey (Driver et al. 2009, 2011

Assembly AMA)
Cweﬁted madllbmf”eln i@n@lk"?t in

aredshift range of 0.0 < z < 0.35," is used to compare uncorrected
Ha-based SFRs to radio-derived (1.4 GHz) SFRs, which serve as a
dust-unbiased reference. Given that the radio luminosity is unaf-
fected by dust obscuration we adopt it as a proxy for the corrected
SFR measure for Ha.
recorrect, for dust obscuration in other published Hoa luminosity

T'his analysis is then used to correct, or
function studies spanning the last ~30 yr
- ;
Evolutionary ﬂap of the
u 165 ] \é é pgoing radio continuum survey (Hopkins et al.
n‘v émndmu, a comprehensive view of the Southern
sky using the Australian Square Kilometre Array Pathfinder

?ﬁﬁfuhﬁnﬁhé tadio. ﬂqﬁé”%{){*m’ )

we.use.f 3&1‘ the naturally

bandwidth of 28¢ z. EMU’s use of ASKAP is expected to cata-
C@f‘\f\e@fé mewurem@ﬂu most com-

prehensive atlas of the , with an angt

P f‘[’tH\landA g : |J
For this study, w ! ~J 7

GAMA G23 field, ( (

for earlier technica 4

2°, \p\\n\ an-ageajof h’

stantaneous

QN Of

)115 at a
. The

;md 3= 3_

G23 radio data are mat\hul with llu GAM. \ kdhl[«)“\l& to support
our analysis.

Galaxyana {1a®s Assembly:

The GAMA survey comprises photometric and spectroscopic data
fields (G02, G09, G12, G15, and G23),
ing a total area of approximately 280 deg?. Spectroscopic data

across five sky cover-

T'he redshift range is limited by the ability to detect the Hu line

in the wavelength range

of the AAOmega spectrograph on the AAT (Driver et al. 2011

address: 101.186.137.238, on 28 Apr 2026 at 1

‘Selecv ingthe good data:_

37:06, subject to the Car

Star Formation Rate = SFRY

4

were obtained using the AAOmega spectrograph on the Anglo
Australian 'l'uluuw}\ (AAT), which supports a maximum of 400
fibres and spectral resolution of up to 10 000 (Smith et al. 2004;

Sharp et al. 2006). Of particular interest for this study is the G23

Gﬁf’lﬁlﬁia thﬁL optical survey, .. -
uly{élh\ékix‘:\,ﬂélu] for \11\ “uf 01\ AY \tmndmntl MU

We use he GAMA Data Release 4 (D[\ 1)
three

the latest data lmm

in this analysis, accessing primary catalogues stored in

dat .\ management unnx (1)\IL\ lxll\lult et dl 2020; Driver

e[ ‘MROW\ an S 1?‘ sq@ halt which

includes data ellar masses, rfest-frame ’11()(()”1(,1]\ and pop-

thhhummtlu ddl.\entwib uarLeu d"arée mln#xhgmllll
IDGRE UNIVELRE. (Keeprthty i, .

rXNey \\Imn(ym\ (VISTA) Kilo-Degree Infrared

d lic Survey (VIKING; Edge et al. 2013) and the ESO VST
I\'llu D&glu Survey (KiDS; Jong et al. 29 ] W A-KiDS
VIKING), provides multiwavelengtl etry spanni\g from
the FUV, rer (GALEX
telescope (100-200 nm; Liske et -
band (W2; 4.6 wm; Wright et al.
accessed here but is integral to r

escope for

using the Galaxy Evolutj space

'ISE

accuracy. Previous studies hav

comparable quantitative result;

This study focuses on comparing SFR estimators tflat draw on a
diverse set of parameters. To achieve this, GAMA data was cross-
matched with that from EMU the G23
achieve this multiwavelength approach, several GAMA u\ldl(wklk\

‘Here'we' vu‘clmewcdlt'k{:kwl’h vality

vectral or catalogue IDs, leading to a total of 25

| ! 08S-
mdswrmqé'“che Ko we, do to
Make sure our dd’d“"‘ > good"
elrlmb gh to'make bold....
expl n of the crite ull\pu\m ed here
t %em@nf@ mueual 30.116\|ten Balmer

lines as well as the NII and OIII emission lines

o and HB
ug 1(a@e@l£hattu lavenahownlmn threshold

was established to ensure accurate calculations of luminosities

‘”st tqf?’tlfcuﬂ ltwwgmt mtluqx:wollili\;:

were requir to meet a

SObl AT e

hift
quality is assessed using the parameter nQ
to a redshift of at least 90% confidence (

within field. In order to

Reds is necessary for calculating luminosities. Redshift

- 3 which corresponds
2015). After
applying this criterion, relevant equivalent widths were tested

Liske et al.

for positivity, and a ceiling was applied to the emission line

fluxes.

mbridge Core terms of use, available at



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

Light

from AGN

Boundary lines that
Light separate light.types
from

Stars Luminosity Densities

Emission line.ratio |

Once we'make our
celationship, we want to apply
it to-Ha luminosity.densities.
These:luminosity densities
are vsed to calculate the

star formationrate density
We uge o few diagnostic tools ‘syer cosmic time: whichis

based.on .emission. line.catios,” 'sur Feal end goall
90.0ne.check:we. do is.to make

sure-we-are looking-at

sources with-emission (ine and Note:

not absorption‘lines! Lominosity o' SFR

Emissienline:ratio 2

We.also.make. sucé we have

good signal.-to.noise, that.the

redshift measurements are. .~ Correcting for Dust

of ‘high'quality;-and that Ourrelationship works by

there are noNaN or taking an Lacorcected HA 'SFR

saturated valvues that-have: . and finding its corresponding

creptliin.from.the telescopes. naturally corrected radio SFR.
We can then switch between
Luminosity.and SFER simply!
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between Ha and 1.4 GHz radio wavelength tracers. This relation-
ship enables us to convert uncorrected SFRs into dust-corrected
values and thereby recover the corresponding inferred intrinsic
Ha luminosities. In addition, we explore three alternative models
in which the slope of the relationship is varied, providing a means
to test its use as a proxy for dust content.

While both Ha and radio continuum emission are widely used

mm\ﬂ\ dlé’.iil&éct on bagically....

yviding a snapshot of v recent

\g.n\\\ pans \I\| DI
oti lgeamw hy.We. Can.vse. this,
MIIH al sync 1|(>11m adiation from _supernova I gmnants, traces
sll,m {@1 r@ ation ( f @I’Qno\calcx
( ) lJ(i Myr; Kennicutt & Evans ,131 2). llu timescale offset

P ﬂ l Compl@xlicor?ﬁeC\tlflon\ y or
apidly uan ng star fot

mation histories, where the current star

We'discuss the dif ferent: =«
For L\AINPIL mn Ikuﬂll\ quenchec \\\ ems, radio emis-

emission.

gt\gﬁ.n ‘ll(‘ n {‘nuceﬁﬁlelﬁgth?lrﬁwg)‘.‘1 the
In méée\\qw.r :l gﬁtmtrdxcétm d yer these

! e.an hé\d
EH ln trp F&ééum Fa&&él&a\ééll\éun H t -
\I”l]llls.dH e\nlumm 11} I‘ QWs-N0

0CCUr I@ﬁ

cosmic history. C unl\ \t al. (2024) LlLIIlUIl\[ldlL that calibrating

tﬂmescalestespvte all that -

sensitivity of each tracer, L\pul when mmpnm«v to IR or

we) 0Wu$ Ul ‘Té?n]wwhe \Lﬁh Hcmu
shifts remains an open ¢

across galaxy populations and rec tion,

1 <
still correlate, bot it 1 still
3 d d 1 ol ] S C CEr-
something to consider. . i

SERD estimates, part uul.nl\ at hwhu hnmnmllu\ (e.g. Matthews
et al. 2021). In this work we adopt the calibrations of Kennicutt
(1998) ‘.md Bell (2003),
could also be explored. With sufficiently broad photometric cov-

though alternative empirical relations

erage, spectral energy distribution fitting provides another avenue
for deriving consistent SFR estimates.

Despite these limitations, a SFR-dependent obscuration cor
rection offers promising potential as a flexible and observation
ally grounded tool for estimating SFRs, especially in regimes
where traditional dust corrections are i[nu‘n‘xihlc or unreliable.
Unlike fixed attenuation laws or colour-based "”‘
directly links two widely observable qu, ‘J

nosity, which is sensitive primarily to

y S mdhml

of recent star formation (and requireNg
recover the total), and 1.4 GHz radio lun\
insensitive to dust and therefore traces tife

When cplibjs
approach could bridge datasets from UV{op}

(both obscured and unobscured). >d propgrly, this

Il and rgdio sur-

veys in a self-consistent way and be deploytd "®arge-scale survey

pipelines where full SED fitting is not feasible.

X Caleulating Star Formation

Rates vsing Radio Wavelengths

provides data at 888 MHz, we convert to 1.4 GHz assuming a

vnloaded from IP address: 101.186.137.238, on 28 Apr 2026 at 10:37:06

ut shift z~2.6, providing empirical
f@rent substantial fraction of

4 correct for several observational systematics. The Ha 1

(6}

0.7. Varying this assumption has a neg

Here we show. ho lia)“wéufmklém"d‘
our raw, E[’li)*ravd.o data and,
\\hturnl'\thx'lnltgxlqmaFR t\OII/ ‘] is the radio

flux, and z

construct this, QELthIQﬂthpmd
by Bell (2003), which based on > corrglation Iumun
mwemkeephtalkmg about, "

SE l\ :<,_i‘_~

spectral index” of « =

Grz [WHz ']
1.81 x 102
Liscu, [WHz™ ']
[0.1 +0.9(L/L,)%3] - 1.81 x 102!

“Eosentially:-

correction based on a ga¥xy’s 1.4 GHz luminosity. The luminu\m

 UFlox => Luminosity => SR

nants 1 correlaté&S with rec m: foHation? IhL correlation

for L > L.,

forL<L,

Bell uses a step-function-based

is strong in star-forming galaxies but less reliable in quiescent
from old stars or

T The step functiof. f yatior h%:cﬂt overesti-
ma Ough d f I\éntt Al 9 Bell
)03 uth d remains broadly consistent other radio-SFR based
‘relations)’
such as IME, mdlu frequency, and treatment of thermal emission
1; Delhaize et al. 2017).
lengths are unobscured by dust, this SFR acts as the naturally dust
corrected SFR.

Calculating Star Formation &
Rates using Optical Wavelengths

galaxies, where the emission may originate

thin 20-30%, depending on assumptions

(e.g. Murphy et al. 201 As radio wave-

O

uminosity
is then calculated following the methods outlined in Hopkins et al.
(2003) and Gunawardhana et al. (2011). I

\ull.u .MNvlplmn and for the aperture losses associated with fibre

T Me ile how. we take

ZTTiGﬁMA \‘é'&l“ ight to SFR, "
which s fbaenoallg 'the same
process but ther@nqre afew

moﬁﬁ‘:\\sjig\t‘gllﬂéﬁrr\hk d w 1 a::tq in

t]udgnd is provided by the GAMA survey.
1o lummmlt\ is then used to estimate uncorrected SFR as
t (1998):

Including mrrc(rinw for

derived by Kennicut

SFRyq [Mp yr ] = 22— —__ (4)

i We adopt the convention S o1

Cambridge Core terms of use, available at
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\ Uncorrected optical ve naturally |
corrected radio SFR relationship W

LtV Ll ' v The line where SFRs are equal which
< would only happen if there i no dust!

= Model 2

S These are two lines that mi ght

-

»

SFR

o

ted Ha

o

4]

Table 2. Correction factors converting uncorrected t
rates to radio-c

o

correc

uncorrected H

w

Ha luminosities. Luminosities are given in units of 10°° WHz

Uf.é

|
=
O

Redshift Uncorrected Ha Luminosity (10°° W Hz

~1.0 -0.5 1.5

Naturally wrre@t Raldu;SSF'R | -

Flgurez The re

ur moc

we also preeent two ‘
.ntermed.ate relat.ons between

the dust=free ceélation and. the
roxy fojg dust-free Universe. n go1 the f ationshiy

« locally demved 5FR relation.”

- - an ﬁ.\\l1\11M‘H\‘\\ullkh)ulu 1 apd 4, therefore represent sce
How are these Star Format.on na 1he$@ arl@ ba@e hlondaﬂ 11}u1 ion. Our

ﬁ tg‘é riél&t a? ethods are unavailable or unre- .- oction mcllmd\w] by m[utm s the l:\c]nldu\ at Lnum«m
yscorrectec x SFR and radio b

i Tq d
SFR is explored as a means for du\r obscuration correction. Once ! era Fve Rroa@ Upe \eslg\n\u

l'o apply this relatic ip for dust correction, we first

the SFRs T(\I each of our SI are calculated, they are com
ps “)l\f,{@w P O M'lék;l@ vtw(ht,IO] dEF‘frel'}Pep\t Sl ,{, \I \\b l#et\e Mm,)n mn]t\hgigpfhr“elgt?pﬁﬁ
of or*fﬂatwn“rk tesand f‘ﬁi&iu ﬁé’d’”t&[fﬁf eproduce’s ta.r

\LT \uHT e SEFR estimates, we per [I]R\ 1 [Inear re gression using ’ MJHI

ts corres radio R \l ) L‘ on th
“then Fit a simple linear, < - Formation cate densities. ...

l |\n] into a ]L“tnmmtl.“ |k\&t\H th b\mn SFR uhe ation I] e
ter ajpties. For onship is uu rted as 1 .
in r&TQt \Oh td!.}ﬁhé[ddt » only begins where ])ﬁm‘r}&h& Zn L\‘Ah o ﬁeﬁva] '0“‘51
becomes available. The best-fit ion between Ha and radio
across- dif ferent.epochs ofi:
Aﬁ Mou can ]%e therlehd[a“aqul tion dependent calibration from uncorrected Ha SFRs to their radio
stveh d sCrht pp multiplicative correction factor
3trQn9 Correlqt|qn| 0.22. (5) cI‘O?WE\QHh{?EQP Cach of the three redshift ranges
over which our mode l are 1] pm ble, as L] e ratio of the radio

‘ \ £0.02
The standard errors on the sl xpx and intercept are both £0.02, as R to the uncorre . Correction fact

timated from the &!l onal of the covariance matrix.

This line s basically a IW&H“‘“““ lﬁn&‘é“bﬁé“f“l)t\tbl T“E’th?i“ﬂéhfﬁsﬁ

the fi

“to describeHow much dust . Plot after a full readthrongh

Hop the applic “\”“' hod ul that progressively \mlHu dust corrections are required at

CID1s exo sl 1ditio nspip mod- iocher redshi
théﬁén!i l;;: uithé “Ihllvlérsé by:i in ‘1'11\\11 e
“how far it deviates f f‘ékh‘]'f!‘fil ~How doea this relation af fect _
op I e between the case ol ed -correctio € D ) ectio (o] n‘
m thé;‘r*énémto;nbdez?llnueu where ‘]‘71 “1] 3 Q 3%%\“ ]FH flxlx[t g\l \\\eé {t I]\lll \] ul:nl:njxluld
re

lationship shown in Equation (5) is now referred to as Model 4 ior extinc

By taking 40 Unéorreéted SFR
we can directly read of f its
rioaded rom 220,00 2000 226010200 @EEOD GFR e e
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éHow did we.fit the new data?\_

Luminosities after local relationship dust correction

L Take all the Ha luminosity' functions:we can find
2: Turn' them'into SFRs
3..Apply our correction’vsing' the local relationship
Y..Turn back.into luminosity functions.to.cefit and.do.analysis

9. Repeat to explore the other relationships (dust free,
hypothesized other redshift models)
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Table 3. Best-fit parameters of Ha Luminosity function for maximum dust correc
tion model, including reduced chi-squared (x?)

values for each redshift bin

0.0-0.25 —3.9240.03 36.54 +0.02 —1.54+4+0.01 1.44
othe newOllummo«ait function o=
£its with the four different.
corrections ... e o

Python package emcee, which uses MCMC to efficiently explore
parameter space and estimate uncertainties for complex models
(Foreman-Mackey et al. 2012). The MCMC was run for 100 000
iterations for each redshift bin. The fitting procedure was repeated
independently for the luminosity data corresponding to each of
the four models. The best-fit luminosity function parameters for
the local SFG SFR dust correction relation (Model 4) are reported
in Table 3.

400&@@&@@4\;9 the-overall-effect,

SERD,
luminosity function to compute the luminosity density, p;:

We can derive the cosmic pser» Via integration of the

oL = / LO(L)dL = ¢*L*T (& + 2, Lym /L

J Ly
This.is the math we use to..go-
luminosity limit of the integration which is often set by Strvey

tﬁ@@m {UMumwtgnﬁunctmn toe of

m‘ =10"" W to account for th&ull range of the data. Through

ﬁan in hngrl.{ d LPB \qu \elt“lu di Tnspty .

Valte, with up ence wA&n
using values up to Ly, = 10 )¢ W and no additional value when
integrating to L, = 10" W.

The luminosity density can then be converted into an esti-
mate of the SFRD using a wavelength-dependent SFR calibration

t}\ctm These calibrations depend on the IMF and the choice of
re'we 'outline the effects”
mhbu on, an ertec l‘?vjan .mump ion L? Cha >ricr§ ;

of .each model as seen in-thes

F “@Ut“ e.on.the next page

our four models is presented in Figure 4.

w the evo
®r each of
This figure compares our
results against single or compiled dust-corrected SFRDs from 33

xh“ we apply the dust free
lune then we greatlg ship between SFR
lunderest.mate high redsh.f t
tlobser\/at Oﬂﬁ 1 b\ the fitted ulatmn L\hlhll\ an

early not well supported by existing

hs, see
s from

measurements.

1ttps://emcee.readthedocs.ic
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37.238, on 28 Apr 2026 at 10:37:06, subject to the Cambridge Core terms of us
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>ssively

timates

bs with redshift
S

1ration
s over

SERs in the local Universe, particularly in cases where tradi-
tional obscuration corrections based on spectral line diagnostics or

i9-where those' other two

“Thig'is
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If ‘you' want to' know more about
certain parts of ‘the'method, you
will probably find more details
hece.

Here. i9.a table that shows all the star formation rate
densities that took months to find, put into the same units,
and correct 5o they had the same ‘underlying physice:.



Oh and some more. ...
Please someone vse them .
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This annotated version was made by:
Jayde Willingham
Aka the first author!



