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A B S T R A C T 

Reliable star formation rate (SFR) measurements are essential for understanding early galaxy ev olution, y et deriv ed 

values rely on several assumptions. To address this problem, we investigate the SFRs of 12 massive ( 9 < log ( M � / M �) 
< 10 ) Lyman-br eak g alaxies at z = 6 . 5 - 7 . 7 , drawn fr om the Atacama Large Millimet er/submillimet er Array (ALMA) 
R eionization Er a Bright Emission Line Survey (REBELS) progr am. The multiw a velength data, including JWS T NIRSpec 
IFU spectroscopy and ALMA observations, make this a unique sample for investigating SFR tracers at this epoch. We 
compare SFRs derived from the rest-UV, H α, and far-infrared emission, and from spectral energy distribution (SED) fits. 
We apply robust dust attenuation corrections, which are crucial since between 50 and 80 per cent of the star formation is 
obscured, and find a st ellar-t o-nebular att enuation ratio of f = 0 . 50 ± 0 . 08 , consistent with local star-forming galaxies. 
The majority of the deriv ed t otal SFRs (medians 25 - 120 M �yr −1 ) place the REBELS galaxies syst ematically abov e z = 7 

literature star-forming main-sequence relations, and our best-fit star formation histories (SFHs) rise more steeply than 

lower-mass galaxies at the same redshift. We show that these rising SFHs mean commonly used luminosity-to - SFR 

conv ersion fact ors, deriv ed assuming a constant SFH ov er giv en time-scales, ov erestimat e the SFRs av eraged ov er these 
time-scales for our g alaxies. We pr ovide updat ed luminosity-t o - SFR calibrations for z � 7 galaxies with rising SFHs, 
showing that commonly assumed rest -UV con v ersion fact ors ov erestimat e the 100 Myr av erage SFR by a fact or of � 3 . 
Finally, w e inv estigat e burstiness indicat ors in the REBELS-IFU galaxies, finding that the rising SFHs imply that the H α- 
to-UV luminosity ratio is an unreliable probe of bursty star formation. 

Key wor ds: dust, e xtinction – g alaxies: high-r edshift – galaxies: star formation. 
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 INTRODUCTION  

easuring the cosmic star formation rate density (SFRD) pro- 
ides key constraints on the efficiency at which galaxies form 

tars and ev olv e throughout the history of the Universe. The
FRD is observ ed t o rise rapidly t o a peak around z � 2 , and
ecline at later epochs (e.g. P. Madau & M. Dickinson 2014 ).
nderpinning the reliability of SFRD estimates is the derivation 

f accurate star formation rates (SFRs) for individual galaxies, 
ither from specific features in their observed spectra or from 

he star formation histories (SFHs) inferred from spectral energy 
istribution (SED) fits to the observations (for reviews see R. C. 
ennicutt 1998 ; R. C. Kennicutt & N. J. Evans 2012 ; P. Madau &
. Dickinson 2014 ). The availability of these features, or ‘tracers’, 
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epends on observational constraints, such as the wavelength 

overage and sensitivity of the imaging or spectroscopic data ob- 
ained, in addition to the redshift and intrinsic properties of the
alaxy. Since spectral features are not all produced by the same
hysical processes, obtaining consistent empirical calibrations for 
ach tracer and making galaxy-to - galaxy SFR comparisons is non-
rivial, with systematic offsets between SFRs derived via different 

ethods for the same galaxies (e.g. R. Smit et al. 2016 ; R. K.
ochrane et al. 2021 ; T. J. Looser et al. 2025 ; L. Clarke et al. 2024 ;
. A. Pirie et al. 2025 ). It also remains unknown whether these
alibrations, which are based on local sources, still hold at high
 edshift, wher e conditions in galaxies are expect ed t o be more
 xtr eme with, for e xample, har der ionising radiation fields and
igher electron densities in the int erst ellar medium (ISM; e.g. F.
ullen et al. 2016 ; H. Katz et al. 2022 ; G. Roberts-Borsani et al.
024 ; M. W. Topping et al. 2025a , b ). 
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The empirical calibrations used to obtain SFRs from observed
uminosities are derived using stellar population synthesis mod-
ls (e.g. G. Bruzual & S. Charlot 2003 ; C. Conroy, J. E. Gunn &
. White 2009 ). The luminosity-to - SFR conversion rate factor

or a given tracer, κx , can be calculated for a given stellar initial
ass function (IMF), stellar mass range, SFH (usually constant),

nd stellar population synthesis model. In short, this involves
ombining stellar templates with a weighting determined by the
MF t o creat e the synthetic spectra of single-age populations as
 function of age. With an assumed SFH, a full galaxy SED can
hen be produced by linearly combining these (for more details
ee the reviews by R. C. Kennicutt 1998 ; C. Conroy 2013 ). Thus,
he conversion factors derived from these models, at a minimum,
epend on the SFH, galaxy age, metallicity, and IMF, although
he relative importance of each factor varies for different tracers
nd parameter regimes (see P. Madau & M. Dickinson 2014 , for
etails). These models are needed since, while most of the stellar
ass in young stellar populations resides in low-mass stars, the
assive stars emit the majority of the energy and, thus, most

bserv ational tr acers probe the formation of massive stars. Differ-
nt observables are also sensitive to slightly different stellar mass
anges (for example, the stellar mass range probed by the rest-
V ext ends t o low er masses than for H α; R. C. K ennicutt & N . J.
vans 2012 ; P. Madau & M. Dickinson 2014 ). Thus, studying, for
xample, the SFR-stellar mass relation (the star-forming main-
equence; D. G. York et al. 2000 ; J. Brinchmann et al. 2004 ) as
 function of redshift requires a careful, consistent combination
f differ ent tracers (e.g . K. G. N oesk e et al. 2007 ; K. E. Whitak er
t al. 2012 ; J. S. Speagle et al. 2014 ; K. E. Whitaker et al. 2014 ; I.
hivaei et al. 2015 ; P. Santini et al. 2017 ; P. Popesso et al. 2022 ; M.
. Koprowski et al. 2024 ). 

The observations of galaxies at z > 6 used to derive SFRs have
ypically been limited to the rest-UV, with occasional constraints
rom FIR emission lines (e.g [C ii] 158 μm and [O iii] 88 μm)
r continuum from ALMA observations, but the James Webb
pac e Telesc ope ( JWST ) has now increased the accessibility of 
est -optical wa velengths. The rest -UV continuum of young star-
orming galaxies in the range 1250 - 2500 Å is dominated by the
ight emitted by short-lived ( � 100 Myr), massive ( > 3 M �) stars
e.g. Z. Huo et al. 2024 ). The rest-UV luminosity is considered
 good indicator of SFR under the assumption that significant
uctuations in the SFR occur over time-scales longer than a

ew 10s of Myrs and is usually assumed to measure the average
FR over a time-scale of around ∼ 100 Myr (C.-N. Hao et al.
011 ). 

SFRs can also be inferr ed fr om r est-optical emission lines, one
f the most accessible and reliable of which is H α (e.g. R. C.
ennicutt 1998 ; J. Moustakas, J. Robert C. Kennicutt & C. A.
remonti 2006 ). H α emission primarily emanates from the re-
ombination of gas in H ii regions that have been photoionised
y nearby, massive O stars that have short lifetimes ( < 20 Myr;
. C. Kennicutt 1998 ; R. C. Kennicutt & N. J. Evans 2012 ; P.
adau & M. Dickinson 2014 ). Thus, compared to the rest-UV

mission, H α traces a narrower stellar mass range and shorter
 ∼ 10 Myr) time-scales (e.g. E. J. Murphy et al. 2011 ; D. R. Weisz
t al. 2012 ; N. Emami et al. 2019 ; A. L. Faisst et al. 2019 ; H.
tek et al. 2022 ). Other lines such as Lyman α, [O ii] λ3727 , and

O iii] λ5007 are also indicators of SFR, but the former is subject
 o complex radiativ e transfer effects and the latt er tw o exhibit a
omplex dependency on the metallicity and e x citation state of the
SM (M. Figueira et al. 2022 ). 
NRAS 546, 1–20 (2026) 
One of the key drawbacks of deriving SFRs from the rest-UV
r H α is the impact of dust attenuation. This cannot be ignored,
ven at high redshift, with studies suggesting that dust-obscured
tar formation could contribute of order 30 per cent of the total
FRD at z = 7 (H. S. B. Algera et al. 2022 ) and extrapolations
uggesting the contribution could be around 20percnt at z � 8 ,
nd around 5 per cent at z � 10 (J. A. Zavala et al. 2021 ; F .- Y. Liu
t al. 2026 ). Dust attenuation corr ections ar e particularly impor-
ant in massive galaxies ( log (M ∗/ M � ) = 8 . 5 - 10 ), since these tend
 o hav e higher metallicities and thus dust content, with studies
t z = 4 - 7 finding nearly half of star formation in these massive
alaxies to be dust-obscured (e.g. J. S. Dunlop et al. 2017 ; R. A. A.
owler et al. 2018 ; Y. Fudamoto et al. 2021 ; H. Inami et al. 2022 ;
. A. A. Bowler et al. 2024 ; H. S. B. Algera et al. 2024a ). 
One method to correct dust-att enuat ed fluxes inv olv es assum-

ng a dust attenuation curve, which describes the attenuation as a
unction of wavelength. Studies typically assume the attenuation
r extinction curves derived from observations of the Milky Way
r local galaxies (e.g. J. A. Cardelli, G. C. Clayton & J. S. Mathis
989 ; D. Calzetti et al. 2000 ; K. D. Gordon et al. 2003 ), or infer the
tellar and nebular attenuation curves from the sample of interest
e.g. N. A. Reddy et al. 2015 , 2020 ). An e x cess in attenuation
owards nebular emission lines, known as differential redden-
ng, has been observed in local star-forming galaxies (e.g. M. N.
anelli, R. W. O’Connell & T. X. Thuan 1988 ; D. Calzetti 1997b ; D.
alzetti et al. 2000 ; K. Kreckel et al. 2013 ; Y. Koyama et al. 2019 )
nd also at higher redshift (N. M. F. Schreiber et al. 2009 ; N. A.
eddy et al. 2010 ; D. Kashino et al. 2013 ; S. H. Price et al. 2014 ; N.
. Reddy et al. 2015 , 2020 ; I. Shivaei et al. 2020 ; L. Barrufet et al.
025 ). This can be explained by a physical picture of ionised gas
eing located around young, massive stars in birth clouds, which
rovides a larger dust-covering fraction and/or dust column den-
ity, whereas the stellar continuum can originate from a wider
ariety of stars across the galaxy (e.g. D. Calzetti, A. L. Kinney & T.
torchi-Bergmann 1994 ; S. Charlot & S. M. Fall 2000 ). This effect
emains a key uncertainty when comparing SFR tracers (e.g. A.
. Faisst et al. 2019 ). Some studies suggest that the continuum-to-
ebular at tenuation r atio (see Section 4.2 ) may ev olv e from the

f = 0 . 44 factor found by D. Calzetti ( 1997b ) to closer to f = 1 by
 = 2 (e.g. D. K. Erb et al. 2006 ; N. A. Reddy et al. 2010 ; D. Kashino
t al. 2013 ; Y. Koyama et al. 2015 ; F. Valentino et al. 2015 ; A.
uglisi et al. 2016 ; D. Kashino et al. 2017 ; A. L. Faisst et al. 2019 ).
he ratio of nebular to continuum attenuation remains poorly
onstrained at z > 2 , although measur ements ar e beginning to
e made with JWST data (e.g. A. Tsujita et al. 2025 ). 

An alt ernativ e t o corr ecting the r est-UV or optical emission
sing a dust attenuation curve is to combine it with an obscured
FR tracer that probes similar time-scales, e.g. the rest-UV and
ar-infrar ed (FIR, e.g . R. J. Bouwens et al. 2012 ; D. Calzetti 2012 ;

. W. Topping et al. 2022 ). FIR SFRs are derived from the inte-
rated luminosity between 8 and 1000 μm (R. C. Kennicutt 1998 ).
ust absorbs the UV radiation from stars and re-emits it at longer
avelengths. Ther efor e, the FIR luminosity is assumed to be pro-
ortional to the obscured SFR. This assumes dust heating from
ther sources, such as AGN and older stars, is negligible, which
s likely a valid assumption at high redshift (P. Madau & M.
ickinson 2014 , although see G. T. Jones & E. R. Stanway 2023 ).
he FIR emission is typically modelled as a modified blackbody

MBB), which depends on the physical properties of the dust: the
ust temperature ( T d , which determines the wavelength at which
he emission peaks), dust mass ( M d ), and dust emissivity index
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 βd ; e.g. C. M. Casey 2012 ; L. Sommovigo et al. 2020 ). The FIR
uminosity-to - SFR conversion factor is obtained from models that
ompute the rest-UV and IR luminosities for various amounts 
f dust attenuation, with most assuming the for egr ound dust
creen geometry of D. Calzetti et al. ( 2000 ), although the exact
odel used for dust absorption is not thought to be significant (P.
adau & M. Dickinson 2014 , although see L. Sommovigo & H.
lgera 2025 ). 
In this paper, we study a subsample of galaxies from the
 eionization Er a Bright Emission Line Survey, known as the
EBELS -IFU sample. REBELS -IFU provides a unique dataset for 
omparing SFR tracers at z � 7 since multiwavelength observa- 
ions e xtending fr om the r est -frame UV/optical ( JWS T NIRSpec
pectroscopy) to the rest-frame FIR (ALMA) are available (R. J. 
ouw ens et al. 2022 ; St efanon et al., in preparation). This is the
nly sample of massive ( M � > 10 9 M �) galaxies at z > 6 that has
his wealth of SFR tracers, providing a unique opportunity to 
nv estigat e the consist ency betw een different methods and shed
ight on the SFHs of these sources. As JWST observations now 

r obe incr easingly high r edshifts ( z > 9 ; e.g . A. J. Bunker et al.
023 ; Y. Harikane et al. 2023 ; R. P. Naidu et al. 2025 ), where
bservations are typically limit ed t o the rest-UV since MIRI ob-
ervations that can recover the rest-optical (e.g. C. Prieto-Jiménez 
t al. 2025 ) are less common than NIRSpec observations, it is
mportant t o inv estigat e the r eliability of r est-UV derived SFRs
nd the validity of assumptions, such as constant SFHs, in em-
irical calibr ations. F rom the NIRSpec spectr a, w e hav e mea-
urements of key physical properties of these galaxies, including 
t ellar mass (St efanon et al. in prepar ation), dust at tenuation
urves (R. Fisher et al. 2025 ), and gas-phase metallicities (L. E.
owland et al. 2025 ), allowing us to build up a comprehensive
icture of these galaxies and reduce the number of assumptions 
 equir ed. 

The structure of this paper is as follows: In Section 2 , we in-
roduce the REBELS-IFU sample and dataset. In Section 3 , we 
rovide details of the methods we use to derive SFRs and apply
ust attenuation corrections. We present a detailed investigation 

f the dust attenuation in our galaxies in Section 4 , which is
ecessary t o accurat ely measur e the obscur ed star formation.
sing these dust corrections, we derive SFRs from a range of 
ifferent tracers in Section 5 . We show that our sources have
ignificant dust-obscured star formation fractions and place our 
alaxies in the context of the star-forming main sequence. We 
iscuss our results in Section 6 , e xplaining discr epancies between
FRs by considering the effects of SFHs and tracer time-scales. 
e support our findings with simple model SEDs, which we 

se t o inv estigat e the effect of rising SFHs on luminosity-to - SFR
onv ersion fact ors. Finally, w e use our results to discuss the re-
iability of the H α-to-UV ratio as a diagnostic of SFH burstiness.
he key findings are summarised in Section 7 . We assume the
tandard �CDM cosmology with H 0 = 70 km s −1 Mpc −1 , �m 

=
 . 3 , and �� = 0 . 7 throughout this work (Planck Collaboration VI
020 ). 

 DA  T  A  AND  SAM P L E  

he full details of the REBELS-IFU galaxies studied in this work
re given in Stefanon et al. (in preparation) and R. Fisher et al.
 2025 ). In short, these g alaxies ar e a subsample of the 40 rest-UV
right ( M UV < −21 ) Lyman-break galaxies at z = 6 . 5 - 8 with stel-

ar masses log 10 (M ∗/ M � ) = 8 . 8 − 10 . 4 targeted by the REBELS
LMA large program (R. J. Bouwens et al. 2022 ). Twelve galaxies
ith bright [C ii] 158 μm emission in the REBELS program were
elected for follow-up with JWST NIRSpec observations (PID 

626; P.I. Stefanon and PID 2659; P.I. W eaver , JWST Cycle 1).
hese sour ces ar e listed in Table 1 . The physical properties of 

hese g alaxies ar e r epr esentative of the full REBELS sample (see
tefanon et al. in preparation), but their SFRs inferred in previous
ork, for e xample fr om [C ii] of 50 - 400 M �yr −1 , are significantly
igher than typical galaxies at these redshifts (I. De Looze et al.
014 ). The SFRs inferred from the rest-UV and FIR emission of 
he REBELS galaxies t end t o be lower than those inferred from
C ii] (A. Ferr ar a et al. 2022 ; L. Sommovigo et al. 2022a ; R. A. A.
owler et al. 2024 ), but still tend to place the REBELS sources
yst ematically abov e lit eratur e star-forming main-sequence r e-
ations, which is unsurprising given their bright rest-UV selec- 
ion. How ev er, the magnitude of the offset from the star-forming

ain-sequence depends strongly on the method used to derive 
tellar mass (H. S. B. Algera et al. 2022 ; M. W. Topping et al.
022 ). 

The NIRSpec integral field unit (IFU) observations probe the 
 est-UV and r est-optical wavelengths of the galaxies. These obser-
ations use the PRISM/CLEAR disperser-filter combination with 

 resolution of R � 100 , and an e xposur e time of appr o ximately
0 min per source. For each 0 . 08 arcsec spaxel in the 3 . 1 arcsec ×
 . 2 arcsec field of view, a spectrum covering the wavelength range
 . 6 - 5 . 3 μm is obtained. In this w ork, w e study the global prop-
rties of the galaxies derived from the int egrat ed spectra (see
tefanon et al. in preparation and L. E. Rowland et al. 2025 , for
etails). The full details of the cube data reduction are presented

n Stefanon et al. (in preparation), and we use the emission-
ine flux measurements presented in L. E. Rowland et al. 
 2025 ). 

ALMA Band 6 or Band 7 observations of these sources were
btained as part of the Cycle 7 REBELS ALMA large programme
PID: 2019.1.01634.L, P.I. Bouwens). The dust continuum emis- 
ion is simultaneously observed during the spectral scans search- 
ng for the [C ii] 158 μm or [O iii] 88 μm lines. All tw elv e of the
EBELS-IFU g alaxies wer e spectr oscopically confirmed via the 
etection of their [C ii] 158 μm line (R. J. Bouwens et al. 2022 ).
ust continuum emission was also det ect ed with a signal-to-
oise ratio of ≥ 3 . 5 σ for ten of the tw elv e REBELS-IFU galax-

es (see Table 1 and H. Inami et al. 2022 ). Published multiband
LMA observations are available for three sources and are used 

or the two sour ces wher e these provide useful constraints on the
IR SED (e.g. H. S. B. Algera et al. 2024a , b ). Improved constraints
n the remaining sources will soon be possible thanks to recent
and 8 observations (PID: 2024.1.00406.S, P.I. Algera). 

 METHODS  

n illustration of the available data and the different methods 
hat we use to infer SFRs is shown in Fig. 1 . We show an observed
IRSpec rest-UV/optical spectrum for one of our galaxies. The 
ifference between this spectrum and the reconstructed intrin- 
ic SED (dashed line) demonstrates the wavelength-dependent 
mpact of dust attenuation on our SFR tracers, with the rest-UV
eing more att enuat ed than H α. We will also make use of the
on-parametric SFHs from the SED fits with a flexible dust atten-
ation curv e t o the full NIRSpec spectra present ed in R. Fisher
t al. ( 2025 ). In the right panel, we show a modified blackbody
urve and the FIR ALMA dust continuum detection. The shaded 

rea under this curve is used to measure the dust-obscured SFR. 
MNRAS 546, 1–20 (2026) 
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Table 1. The 12 REBELS galaxies targeted with the NIRSpec IFU observations used in this study. Column (1): Galaxy identifier. Column (2): Spec- 
tr oscopic r edshift fr om the [C ii] detection fr om ALMA with a typical uncertainty of 
z � 0 . 0002 (R. J. Bouwens et al. 2022 ). Column (3): R est-fr ame 
UV-continuum slope, βUV , from R. Fisher et al. ( 2025 ). Column (4): Balmer decrement, H α/H β, derived from the emission-line fluxes from L. E. Rowland 
et al. ( 2025 ) for the galaxies at 6 . 5 ≤ z < 7 . 0 for which H α lies within the NIRSpec wavelength coverage. Column (5): Stellar mass, M � , from the BAGPIPES 
SED fits with a flexible dust attenuation curve (R. Fisher et al. 2025 ). Note that these differ from those presented in Stefanon et al. (in preparation), who 
assume a fixed Calzetti dust attenuation curve, but are consistent within the errors. Column (6): Gas-phase metallicities, Z gas , derived from optical 
emission lines (L. E. Rowland et al. 2025 ). Column (7): Colour e x cess for the ionised gas (nebular regions) derived using the Balmer decrement and 
equation ( 4 ), assuming the attenuation curves of R. Fisher et al. ( 2025 ). Column (8): Colour e x cess for the stellar continuum calculated using equation 
( 5 ). Column (9): Infrar ed-e x cess, IRX , using L IR values fr om R. A. A. Bowler et al. ( 2024 ), which assume a fixed dust temperature of T d = 46 K and 
emissivity index βd = 2 . 0 , except for REBELS-25 and REBELS-38 (marked with ∗) for which we use the L IR values derived from multiband ALMA data 
(H. S. B. Algera et al. 2024a , b ). 

ID z βUV H α/H β log( M ∗/ M �) 12 + log (O/H) E ( B − V) gas E ( B − V) stellar IRX 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

REBELS-05 6.496 −1 . 42 ± 0 . 06 3 . 76 ± 0 . 45 9 . 60 +0 . 10 
−0 . 10 8 . 51 ± 0 . 16 0 . 24 ± 0 . 11 0 . 11 +0 . 03 

−0 . 03 0 . 58 ± 0 . 09 
REBELS-08 6.749 −1 . 92 ± 0 . 05 4 . 05 ± 0 . 60 9 . 31 +0 . 10 

−0 . 10 8 . 22 ± 0 . 20 0 . 30 ± 0 . 13 0 . 08 +0 . 02 
−0 . 02 0 . 59 ± 0 . 09 

REBELS-12 7.346 −1 . 67 ± 0 . 03 – 9 . 80 +0 . 09 
−0 . 09 8 . 23 ± 0 . 13 – 0 . 06 +0 . 03 

−0 . 03 0 . 39 ± 0 . 12 
REBELS-14 7.084 −1 . 74 ± 0 . 03 – 9 . 54 +0 . 14 

−0 . 12 7 . 90 ± 0 . 12 – 0 . 06 +0 . 03 
−0 . 02 0 . 23 ± 0 . 10 

REBELS-15 6.875 −2 . 01 ± 0 . 03 3 . 48 ± 0 . 33 9 . 40 +0 . 03 
−0 . 03 7 . 78 ± 0 . 30 0 . 17 ± 0 . 08 0 . 09 +0 . 02 

−0 . 02 < 0 . 22 
REBELS-18 7.675 −1 . 56 ± 0 . 03 – 9 . 98 +0 . 04 

−0 . 04 8 . 50 ± 0 . 13 – 0 . 10 +0 . 02 
−0 . 02 0 . 42 ± 0 . 08 

REBELS-25 7.307 −1 . 61 ± 0 . 09 – 9 . 07 +0 . 08 
−0 . 10 8 . 62 ± 0 . 17 – 0 . 09 +0 . 03 

−0 . 02 0 . 79 +0 . 30 
−0 . 20 

∗

REBELS-29 6.685 −1 . 89 ± 0 . 05 3 . 16 ± 0 . 37 9 . 94 +0 . 08 
−0 . 06 8 . 73 ± 0 . 15 0 . 09 ± 0 . 10 0 . 09 +0 . 03 

−0 . 02 0 . 32 ± 0 . 10 
REBELS-32 6.729 −1 . 34 ± 0 . 07 3 . 48 ± 0 . 36 9 . 75 +0 . 13 

−0 . 11 8 . 48 ± 0 . 13 0 . 17 ± 0 . 09 0 . 12 +0 . 04 
−0 . 04 0 . 67 ± 0 . 13 

REBELS-34 6.634 −2 . 23 ± 0 . 03 3 . 89 ± 0 . 84 9 . 59 +0 . 08 
−0 . 09 8 . 33 ± 0 . 29 0 . 27 ± 0 . 20 0 . 03 +0 . 02 

−0 . 01 < 0 . 32 
REBELS-38 6.577 −1 . 63 ± 0 . 06 3 . 98 ± 0 . 54 9 . 93 +0 . 09 

−0 . 08 8 . 28 ± 0 . 18 0 . 28 ± 0 . 12 0 . 13 +0 . 03 
−0 . 03 0 . 24 +0 . 23 

−0 . 17 
∗

REBELS-39 6.845 −2 . 07 ± 0 . 04 3 . 43 ± 0 . 40 9 . 57 +0 . 10 
−0 . 11 8 . 02 ± 0 . 29 0 . 16 ± 0 . 10 0 . 05 +0 . 02 

−0 . 01 0 . 30 ± 0 . 09 

Figure 1. We show with coloured rectangles the wavelength ranges used to infer SFRs in this work. The full NIRSpec PRISM spectrum for one of the 
REBELS -IFU galaxies (REBELS -05) is shown by the solid black line in the left panel. The intrinsic, dust-free SED model is shown by the dashed line, 
demonstr ating the w avelength-dependent effect of dust at tenuation, with the rest-UV flux being impacted more than the H α flux. The right panel shows 
a modified blackbody model of the rest-frame far-infrared emission. The ALMA Band 6 flux continuum measurement is shown by the black point. The 
int egrat ed flux under this curve traces the dust-obscured SFR. 
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.1 Deriving SFRs from the rest-UV, H α, and FIR 

uminosities 

he conv ersion fact ors, κx , we use in equations of the form
FR x = κx L x to obtain SFRs from the luminosities, L x , of each
racer are given in Table 2 . For our fiducial values, we adopt
hose which are used ext ensiv ely in the lit erature; how ev er, w e
ill discuss the effects of different metallicities and SFHs on

hese values in Section 6.4 . We adjust all the conversion factors
NRAS 546, 1–20 (2026) 
o the G. Chabrier ( 2003 ) IMF with stellar population mass limits
f 0 . 1 - 100 M � using the 0.63 factor given in P. Madau & M.
ickinson ( 2014 ). For consist ent cy with previous analysis of the
EBELS sour ces (e.g . H. S. B . Algera et al. 2022 ; R. J. Bouwens
t al. 2022 ; R. A. A. Bowler et al. 2024 ), we adopt the standard con-
 ersion fact ors from P. Madau & M. Dickinson ( 2014 ) for κUV and
IR , which assume a constant SFR during the previous 100 Myr
nd a fixed stellar metallicity of Z ∗ = 0 . 1 Z �. The observed rest-
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Table 2. The calibrations we assumed to convert luminosities to SFRs for each tracer. 

SFR x = κx L x Source 

SFR UV = 7 . 2 × 10 −29 L ν [erg s −1 Hz −1 ] P. Madau & M. Dickinson ( 2014 ) adjusted for G. Chabrier ( 2003 ) IMF ( 1 . 15 × 10 −28 × 0 . 63 ) 
SFR IR = 1 . 1 × 10 −10 L IR [ L �] P. Madau & M. Dickinson ( 2014 ) adjusted for G. Chabrier ( 2003 ) IMF ( 1 . 73 × 10 −10 × 0 . 63 ) 
SFR H α = 4 . 977 × 10 −42 L H α [erg s −1 ] R. C. Kennicutt ( 1998 ) adjusted for G. Chabrier ( 2003 ) IMF ( 7 . 9 × 10 −42 × 0 . 63 ) 
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V luminosity, L UV , was calculated from the spectrum flux, F λ, in
 top hat filter of width 100 Å centred at λrest = 1500 Å. We use the
est-frame FIR luminosity values, L IR , from R. A. A. Bowler et al.
 2024 ), which assume a dust temperature of T d = 46 K and a dust
missivity inde x of βd = 2 . 0 , e x cept for REBELS -25 and REBELS -
8 for which we use the values derived by H. S. B. Algera et al.
 2024b ) and H. S. B. Algera et al. ( 2024a ), respectively, that use
he multiband ALMA observations available for these sources. 
his choice of T d is justified based on the [C ii] -based method
f L. Sommovigo et al. ( 2022a ), and is consistent with the values
btained from the modified blackbody fits to multiband ALMA 

bservations (H. S. B. Algera et al. 2024a ). We do not use the L IR 
erived by H. S. B. Algera et al. ( 2024a ) for REBELS-12 since it

s undet ect ed in the Band 8 data and thus, the constraints on the
IR SED are poor. For SFR H α , we use the conversion factor from
. C. Kennicutt ( 1998 ) which assumes an electr on temperatur e of 
 e = 10 4 K, solar stellar metallicity, Case B recombination, and a
onstant SFR for at least 10 Myr . W e take the H α emission-line
ux es measur ed dir ectly fr om the observed NIRSpec spectra from
. E. Rowland et al. ( 2025 ). 
Here, we summarise some of the caveats and assumptions as- 

ociated with these conversion factors, which will be discussed in 

ore detail in Section 6.3 . We note that each κ value assumes a
x ed stellar metallicity, wher eas the g as-phase metallicities of our
ample are known to vary between Z gas = 0 . 12 - 1 . 11 Z � (although
hese are not necessarily equal to the stellar metallicities; L. E.
owland et al. 2025 ). κH α is more sensitiv e t o metallicity than
UV , but our main conclusions remain unchanged even if we 
dopt other commonly used conversion factors or account for this 
ariability. 

As shown in Fig. 1 , both the rest-frame UV and H α emission
re att enuat ed by dust. To obtain total SFRs that include the
ontributions fr om dust-obscur ed star formation, an att enuat ed 

racer can be combined with one that measures the obscured 

FR over the same time-scale, e.g. combining SFR UV and SFR IR . 
lt ernativ ely, the t otal SFR can be obtained by applying a dust

orrection to convert the observed flux, f obs , to the intrinsic flux,
f int , using 

f int (λ) = f obs (λ)10 0 . 4 A (λ) , (1) 

here A (λ) is the attenuation magnitude at that wavelength. 
o correct the rest-UV (H α) SFRs thus requires assuming a 
tellar (nebular) dust attenuation curve for each galaxy. We 
ummarise our dust attenuation correction methods in the 
ollowing subsection. 

.2 Correcting SFRs with dust attenuation curves 

he total dust attenuation curve, k(λ) , that describes the 
avelength-dependent effect of dust absorption and scattering of 

t ellar phot ons, is relat ed t o the att enuation magnitude, A (λ) , at
avelength λ by 

( λ) = 

A ( λ) 
E( B − V ) 

, (2) 
here E(B − V ) is known as the colour e x cess. The colour e x cess
s the difference between the B -band (4400 Å) attenuation mag-
itude, A B , and the V band (5500 Å) attenuation magnitude, A V .
his is related to the total-to - selective extinction ratio, R V , by 

(B − V ) = A B − A V = 

A V 

R V 
. (3) 

The colour e x cess of the ionised gas in a galaxy, E(B − V ) gas ,
an be calculated from the flux ratio of the hydrogen Balmer lines
the Balmer decrement) using 

(B − V ) gas = 

2 . 5 log 
(

(H α/ H β ) obs 
(H α/ H β ) int 

)

k(λH β ) − k(λH α ) 
, (4) 

here (H α/H β ) obs is the observed flux ratio and (H α/H β ) int is
he intrinsic ratio. We assume Case B recombination with intrin- 
ic ratios of H α : H β : H γ = 2.86 : 1.0 : 0.47 for a temperature
f 10 4 K and electron density n e = 100 cm 

−3 (J. S. Miller 1974 ).
t has been shown that this intrinsic ratio does not significantly
ary for the range of physical conditions expected in regions of 
tar formation, with the Balmer decrement changing by less than 

0 per cent for variations in g as temperatur e between 5000 - 20 000
 and electron density 100 - 10 000 cm 

−3 (D. Osterbrock & G. J.
erland 2006 ; A. Smith et al. 2022 ; L. Sandles et al. 2024 ), al-
hough we note that anomalous ratios inconsistent with Case B 

ecombination have recently been observed at high redshift (e.g. 
. Yanagisawa et al. 2024 ). For the four REBELS-IFU galaxies

t z > 7 (REBELS -12, REBELS -14, REBELS -18, and REBELS -
5), H α is redshifted beyond the wavelength range of NIRSpec. 
ince H γ is blended with [O iii] λ4363+ [Fe ii ] λ4360 in the low-
esolution prism spectra, we can only obtain a lower limit on the
 β/H γ ratio and thus cannot accurately dust correct the SFR H α

alues (inferr ed fr om the H β flux) for four of the REBELS-IFU
alaxies (for a detailed discussion see L. E. Rowland et al. 2025 ). 

The colour e x cess of the stellar continuum, E(B − V ) stellar , is
alculated using 

(B − V ) stellar = 

A V, stellar 

R V 
, (5) 

here A V, stellar and R V are obtained from the SED fits with a flexi-
le dust att enuation curv e present ed in R. Fisher et al. ( 2025 ). For
he S. Salim, M. Boquien & J. C. Lee ( 2018 ), power -la w parametri-
ation of the dust attenuation curve slope, R V is calculated using 

 V = 

R V, Calzetti 

(R V, Calzetti + 1) ( 4400 / 5500 ) δ − R V, Calzetti 
, (6) 

here R V, Calzetti = 4 . 05 and δ is the deviation of the attenuation
urve slope from the Calzetti-like curve. 

.3 Correcting SFRs with the IRX–βUV relation 

he FIR-to-rest-UV luminosity ratio, known as the infrared- 
 x cess, IRX = log 10 (L IR / L UV ), is a pr o xy for the obscur ed-to-
nobscured SFR ratio. Under the assumption of energy balance, 

he relation between this and the rest-frame UV slope, βUV , (the
MNRAS 546, 1–20 (2026) 
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Figure 2. The Balmer decrements, H α/H β, are plotted against stellar 
mass, M � , in red for the 8 of the 12 massive REBELS-IFU galaxies at 
6 . 5 ≤ z < 7 . 0 for which H α lies within the NIRSpec wavelength cov- 
er age. The H α/H β r atios all e x ceed the intrinsic Case B recombination 
value of 2.86, shown by the horizontal dashed line, indicative of dust 
attenuation affecting the nebular emission of these galaxies. In teal we 
show the results based on HST grism data from A. J. Battisti et al. ( 2022 ) 
at 0 . 75 < z < 1 . 5 . The r esults fr om stacked CEERS g alaxy spectra (A. E. 
Shapley et al. 2023 ) are shown in purple, and JADES galaxies at the same 
redshift as the REBELS-IFU sample are shown in blue. The REBELS-IFU 

g alaxies ar e consistent with local g alaxies of similar stellar masses fr om 

the SDSS survey, shown by the grey histogram, suggesting no significant 
evolution in the Balmer decrement against stellar mass relation with 
redshift. 
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RX –βUV r elation) pr ovides indir ect constr aints on dust at tenua-
ion curves since L IR is proportional to M d , whereas βUV depends
n the dust column density of the ISM along the line of sight to
he observer. For the IRX –βUV relation, we adopt the equation 

RX = log 10 
(
1 . 71 × (

10 0 . 4 A (1600) − 1 
))

(7) 

rom R. J. McLure et al. ( 2018 ). Under the assumption that the
ntrinsic UV-slopes, βUV, 0 , of star-forming g alaxies ar e similar, we
an use the relation 

 ( 1600) = 

d A 1600 

d βUV 
( βUV − βUV, 0 ) , (8) 

here d A 1600 / d βUV is the slope of the dust att enuation curv e. For
 efer ence, for the D. Calzetti et al. ( 2000 ) dust attenuation curve
 A 1600 / d βUV = 1 . 97 , while for the SMC extinction (K. D. Gordon
t al. 2003 ) d A 1600 / d βUV = 0 . 91 . We measure the rest-frame UV-
lope, βUV , dir ectly fr om the observed spectra by fitting a power-
aw between the rest-fr ame w avelengths λrest = 1268 − 2580 Å
sing a least-squares fitting method. These values are consistent
ithin the errors with fits where we mask the spectral regions

iven in A. Saxena et al. ( 2024 ) that could include contributions
r om br oadened r est-UV lines. This suggests ther e ar e no str ong
mission or absorption features in the r est-UV r egion. The r ela-
ion 

 UV = −2 . 5 log (L UV ) + 5 . 814 (9) 

as used to convert from the monochromatic rest-frame UV mag-
itude, M UV , to L UV in units of L � (P. L. Capak et al. 2015 ).
quation ( 7 ) can be fitt ed t o data if rest-frame FIR observations
r e available, pr oviding an indir ect constr aint on the aver age dust
tt enuation curv e. Alt ernativ ely, by assuming a dust attenuation
urve and an intrinsic UV-slope, the obscured SFR of a galaxy can
e inferred via the IRX, which is a proxy for SFR IR /SFR UV . 

 ST E L L A R  AND  N E B U L A R  DUST  

 T T E N UA  T I O N  CORRECTIONS  

n the following section, we present a detailed investigation of 
ust attenuation in our sources, which is necessary to accurately
easure the contribution of dust-obscured star formation. 

.1 The Balmer decrement 

o measure the nebular dust attenuation and obtain dust-
orrect ed H α SFRs, w e use the Balmer decrement, H α/H β. In
ig. 2 , we plot H α/H β against stellar mass for the eight REBELS-
FU galaxies at 6 . 5 ≤ z < 7 . 0 for which H α lies within the NIR-
pec wavelength coverage. The deviation of this ratio from the
ntrinsic value for Case B recombination of 2.86 depends on the
otal mass of dust present and its spatial distribution in the galaxy.
ll of the REBELS-IFU H α/H β ratios e x ceed this intrinsic value,

onsistent with this nebular emission being dust attenuated. 
The REBELS-IFU galaxies are consistent with the positions

f local, rest-optically selected SDSS galaxies with similar stellar
asses, shown by the greyscale histogram (R. Ahumada et al.

020 ). This suggests that the dust properties of our sample,
pecifically the dust-mass surface density to stellar mass ratio
A. E. Shapley et al. 2023 ), are not significantly different to
ocal sources. We also show the results of A. J. Battisti et al.
 2022 ) derived from HST grism observations of galaxies at
 . 75 < z < 1 . 5 . For comparison, we show the JADES galaxies in
he same redshift range as our sample (D. J. Eisenstein et al. 2025 ;
NRAS 546, 1–20 (2026) 
. J. Bunker et al. 2024 ; F. D’Eugenio et al. 2025 ) and results
rom the JWST CEERS Survey using NIRSpec Micro - Shutter
ssembly (MSA) stacked spectroscopy from A. E. Shapley et al.

 2023 ) spanning z = 2 . 7 - 6 . 5 . The REBELS-IFU galaxies lie at the
igher redshift end of the sample from A. E. Shapley et al. ( 2023 )
nd the higher stellar mass end of the JADES galaxies at the
ame redshifts. The H α/H β ratios are consistent with galaxies of 
imilar stellar masses across the full redshift range, supporting
he findings of other studies that suggest that the Balmer
ecr ement ag ainst stellar mass r elation does not significantly
v olv e with redshift (e.g. A. E. Shapley et al. 2023 ; C. Woodrum
t al. 2025 ). How ev er, w e urge caution in the int erpretation
f this result since, as discussed in Section 5.3 of A. J. Battisti
t al. ( 2022 ), the stellar mass and Balmer decrement values in
he literatur e ar e not always derived fr om the same apertur es.
or example, the SDSS stellar masses derived from the same
br e-r egions that the Balmer decrements are measured from are
ppr o ximately 0.5 dex lower than the total stellar mass we plot
n Fig. 2 . The use of consistent apertures matters when galaxies
 xhibit Balmer decr ement gr adients, typically with larger v alues
n central regions compared to the outskirts. These gradients may
lso be present at higher redshifts (e.g. S. Fujimoto et al. 2025 ). 

.2 Differential dust attenuation is still important at z � 7 

n Fig. 3 , we compare the colour excess determined from the
onised gas (nebular regions) derived from H α/H β (equation
 ) to those for the stellar continuum (equation 5 ). In most
ases, the colour e x cess of the ionised gas exceeds that
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Figure 3. The colour excess measured for the ionised gas, E(B − V ) gas , 
derived from the Balmer decrement, compared to the colour excess mea- 
sured for the stellar continuum, E(B − V ) stellar = A V, stellar / R V , for the 8 
of the 12 massive galaxies in the REBELS-IFU sample at 6 . 5 ≤ z < 7 . 0 
for which H α lies within the NIRSpec wavelength coverage. The average 
st ellar-t o-nebular att enuation ratio of f = (0 . 50 ± 0 . 08) is shown by the 
red line, indicating on average the nebular regions in these galaxies are 
appr o ximately 2 times more dust-obscured than the stellar continuum. 
This is consistent with the f = 0 . 44 relation (dashed line) derived for 
local star-forming galaxies by D. Calzetti ( 1997a ), and the relations for the 
ALPINE galaxies at z � 5 (A. Tsujita et al. 2025 ) and the MOSDEF galax- 
ies at z � 2 (I. Shivaei et al. 2020 ), shown by the dash–dotted and dotted 
lines, r espectively. The points ar e colour ed by their g as-phase metallicities 
(L. E. Rowland et al. 2025 ). 
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easured for the stellar continuum. The linear fit to the eight 
EBELS-IFU galaxies for which H α lies within the NIRSpec 
av elength cov erage giv es a st ellar-t o-nebular att enuation

atio f = E(B − V ) stellar /E(B − V ) gas = 0 . 50 ± 0 . 08 . This is
onsistent, within the errors, with the f = 0 . 44 factor derived by
. Calzetti ( 1997a ) for local star-forming galaxies. This value also

hows good agreement with the value of f = 0 . 51 +0 . 04 
−0 . 03 derived for

he main-sequence ALPINE galaxies at z � 5 (A. L. Faisst et al.
026 ; A. Tsujita et al. 2025 ) and the relation seen in star-forming
alaxies at z = 1 . 4 − 2 . 6 by I. Shivaei et al. ( 2020 ). Thus, we
ee no clear evolution in the ratio with redshift (in contrast to
 ecent r esults fr om the JADES survey; C. Woodrum et al. 2025 ).
ow ev er, w e not e that ther e is a large degr ee of scatter ar ound

his relation for individual galaxies, as has also been seen in other
tudies (e.g. N. A. Reddy et al. 2015 ; R. L. Theios et al. 2019 ; N. A.
eddy et al. 2020 ; I. Shivaei et al. 2020 ; H. Atek et al. 2022 ), and

hat the errors on individual f values remain large even with our
trong detections of the Balmer lines. While our average relation 

s consistent with the commonly assumed f = 0 . 44 factor, we
aution that for individual galaxies, inferring the nebular attenu- 
tion from the continuum attenuation using this linear relation is 
nreliable since f ranges between 0.1 and 1 in our sample (with a
tandard deviation of 0.27). This justifies our decision to exclude 
rom our analysis the SFR H α values for galaxies in the REBELS-
FU sample for which we cannot measure the Balmer decrement. 

One of the key strengths of our comparison is that we use
he st ellar att enuation curv e deriv ed for each galaxy in R. Fisher
t al. ( 2025 ). How ev er, w e not e that it is oft en assumed that the
ebular and stellar attenuation curves are different, with the J. 
. Cardelli et al. ( 1989 ) curve often assumed for the nebular
egions. Using a sample of the MOSDEF galaxies, N. A. Reddy
t al. ( 2020 ) measured the nebular attenuation curve at z � 2
nd did indeed find a relation close to the J. A. Cardelli et al.
 1989 ) Galactic extinction curve at rest-optical wavelengths. In 

ocal SDSS galaxies, S. Rezaee et al. ( 2021 ) finds the nebular at-
 enuation curv e has a near-univ ersal shape, similar in both shape
nd normalisation to the Galactic (J. A. Cardelli et al. 1989 ), SMC
K. D. Gordon et al. 2003 ), and MOSDEF results at z � 2 (N. A.
eddy et al. 2020 ) within 2 σ , 2 σ , and 1 σ , respectiv ely. How ev er,

he nebular attenuation curve measured for a galaxy at z = 4 . 41
eviates significantly from local templates (R. L. Sanders et al. 
025 ). Unfortunat ely, w e are unable to place strong constraints
n the nebular attenuation curve for our galaxies by comparing 
ultiple Balmer line ratios, since in our PRISM spectra H γ is

lended with other emission lines and the signal-to-noise (S/N) 
atios of higher-order Balmer emission lines are too low. Thus, 
he nebular attenuation curve remains a key uncertainty at high 

edshift. We find very tentative suggestions of deviations from 

tandard curves at shorter wavelengths when using a stack of 
he spectra, but investigating this further in our sample requires 
igher resolution spectroscopy to deblend the Balmer lines, with 

ufficient depth to enable high S/N measurements of the higher- 
rder lines. In Appendix A , we e xplor e the impact of different
ssumptions about nebular and stellar attenuation curves on the 
nferred f values. The inferred f varies slightly with different 
ssumptions (e.g. f = (0 . 50 ± 0 . 08) for our fiducial set-up, com-
ared to f = (0 . 42 ± 0 . 07) when assuming a Cardelli extinction
urve for the nebular component, and f = (0 . 56 ± 0 . 10) when
ssuming a Calzetti curve for both nebular and stellar compo- 
ents). How ev er, these values are formally consistent at the 1-
igma level. Thus, our assumption throughout this paper that the 
ust attenuation curves derived in R. Fisher et al. ( 2025 ) apply to
oth the ionised gas and stellar continuum does not significantly 
ffect our conclusions. 

We find t entativ e suggestions of a correlation betw een the ratio
f the gas-to - stellar attenuation and the gas-phase metallicity, 
ith the most metal-rich galaxy (REBELS-29) lying on the 1-to-1 

elation. How ev er, w e caution that the correlation is not statisti-
ally significant and there are large error bars on E(B − V ) gas . A
rend between this ratio and metallicity has been seen at z � 2 in
he MOSDEF galaxies and is consistent with the findings of other
tudies (see I. Shivaei et al. 2020 , and r efer ences ther ein). This
an be explained physically if in high-metallicity galaxies there is 
 high surface density of dusty clouds that affect both the ionised
as and stellar continuum, whereas in lower metallicity galaxies 
her e ar e two distinct dust components: the diffuse ISM dust and
usty birth clouds. M. Pannella et al. ( 2015 ) suggest that galax-

es with high star formation surface densities and larger dust- 
o - gas (DtG) ratios have dense ISMs, which reddens the stellar
ontinuum to a similar degree as the nebular emission. If our
alaxies followed the A. Rém y -Ruyer et al. ( 2014 ) local relation
f increasing DtG ratios with metallicity, this would support this 
nterpretation (see H. Algera et al. 2026 ). 

.3 The IRX –βUV r elation 

LMA observations of the rest-frame FIR emission provide mea- 
urements of the infrared luminosity, a proxy for the dust- 
bscured SFR. In Fig. 4 , we show the IRX –βUV relation using
he βUV and L UV values obtained from the NIRSpec spectra in 

ombination with L IR values derived by R. A. A. Bowler et al.
 2024 ), which assume T d = 46 K and βd = 2 . 0 . We also show the
MNRAS 546, 1–20 (2026) 
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Figure 4. The IRX –βUV points for the 12 REBELS-IFU galaxies at z � 7 . 
The rest-frame UV continuum slope, βUV , and luminosity, L UV , values are 
measur ed dir ectly fr om the NIRSpec spectra. In r ed, we show the points 
using L IR derived by R. A. A. Bowler et al. ( 2024 ), which assume T d = 46 
K and βd = 2 . 0 , but with rest-UV quantities re-derived from the NIRSpec 
spectra. The arrows in the bottom right show the median systematic shifts 
in these IRX values for variations in T d and βd . The orange points use the 
L IR values of H. S. B. Algera et al. ( 2024a ) and H. S. B. Algera et al. ( 2024b ) 
derived from multiband ALMA observations. The red line shows the best- 
fit IRX –βUV relation with the intrinsic rest-UV slope fixed to the median 
value from R. Fisher et al. ( 2025 ): βUV, 0 = −2 . 43 . This lies between the 
e xpected r elations for the Calzet ti-like at tenuation and SMC extinction 
curves, shown by the solid and dashed black lines, respectively. 
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alues using L IR derived from multiband ALMA data where these
re available (H. S. B. Algera et al. 2024a , b ). These have larger
rrors since the modified blackbody fits do not assume a fixed
ust temperature and thus have more free parameters. The errors
n the rest-UV slope and L UV are significantly reduced compared
o the photometrically derived values from R. A. A. Bowler et al.
 2024 ). The scatter in βUV values is also significantly reduced. 

The IRX –βUV points shown in Fig. 4 mostly lie between the D.
alzetti et al. ( 2000 ) starburst relation and the SMC extinction
urve. We fit the data points of the dust continuum-det ect ed
 alaxies, r eplacing the L IR values for REBELS-25 and REBELS-
8 with those presented in H. S. B. Algera et al. ( 2024b ) and
. S. B. Algera et al. ( 2024a ), respectively, since these are well-

onstrained by multiband ALMA observations. We fix βUV, 0 =
2 . 43 ; the median intrinsic UV-slope from the SED models of R.
isher et al. ( 2025 ) and obtain d A 1600 / d βUV = 1 . 44 ± 0 . 14 . The fit

s consistent with the aver age at tenuation curve slope found in R.
isher et al. ( 2025 ), which is slightly steeper than the D. Calzetti
t al. ( 2000 ) attenuation curve. This result is also consistent with
he value obtained by R. A. A. Bowler et al. ( 2024 ) using the full
EBELS sample of d A 1600 / d βUV = 1 . 38 ± 0 . 09 when assuming
UV, 0 = −2 . 5 . 
We note the usual caveats of assuming a fixed dust tempera-

ure, T d , when calculating L IR . In addition to the average evolu-
ion towards higher dust temperatures with increasing redshift
e.g. L. Sommovigo et al. 2022a ; G. T. Jones & E. R. Stanway 2023 ),
ust temperatures are also observ ed t o vary between galaxies (e.g.
. S. B. Algera et al. 2024a , b ). With a fixed dust emissivity index,
 change of temperature of 10 K can shift IRX values by 0.4 dex (I.
NRAS 546, 1–20 (2026) 
itsuhashi et al. 2024 ; R. A. A. Bowler et al. 2024 ). For most of our
ample, only a single ALMA band detection is available to con-
train the modified blackbody SED fit to the rest-frame FIR con-
inuum (although recently obtained observations will increase
his to two in the future; Algera et al., in preparation). The source
ith the best-constrained FIR SED in our sample, REBELS-25,
as been observed in six ALMA bands (5 detections, 1 limit),
nd the FIR SED fit has yielded a T d = 32 +9 

−7 and βd = 2 . 5 ± 0 . 4
H. S. B. Algera et al. 2024b ). As shown in Fig. 4 , this causes a
ownwards vertical shift in the position of this galaxy compared
o assuming T d = 46 K. The calculation of L IR also depends on
he assumption of the dust emissivity index value, βd , which has
een observ ed t o vary at high redshift. While the results from
alaxies between 4 < z < 8 by J. Witstok et al. ( 2023 ) suggest a
alue of βd = 1 . 8 ± 0 . 3 , w e not e that other studies have found
alues outside of this range (e.g. G. J. Bendo et al. 2025 ). With
 fixed dust temperature, a change in βd of 0.5 can shift our IRX
alues by 0.2 dex. Since we cannot place further constraints on
hese parameters without the analysis of the multiband ALMA
bservations, w e indicat e in Fig. 4 the median systematic shifts
n IRX when independently varying T d by ±15 K and βd by ±0 . 5
way from our fiducial values of 46 K and 2.0, respectively. The
xpected shifts in IRX for different combinations of T d and βd can
e found in fig. 8 of R. A. A. Bowler et al. ( 2024 ). We also indicate
he corresponding median shifts in the obscured SFRs in Fig. 6 .
ur assumption of a single-temperature modified blackbody for

he FIR dust SED can also bias L IR measurements, as discussed
n detail in L. Sommovigo and H. Algera ( 2025 ). 

Nev ertheless, the av er age at t enuation curv e slope obtained
rom the independent methods of fitting directly to the NIRSpec
pectra (R. Fisher et al. 2025 ) and using the IRX –βUV relation are
onsistent, suggesting that a stellar attenuation curve between
he Calzetti-like and SMC relations is most appropriate for the
EBELS g alaxies. We ther efor e assume the att enuation curv es of 
. Fisher et al. ( 2025 ) for dust correcting our SFRs in the following

ections. 

 ST  AR  FORMA  T I O N  RA  T E S  AND  T H E  

TAR-FORMING  MAIN  S EQ U E N C E  

ith these methods to measure dust-obscured star formation,
e now compare the SFRs of the REBELS-IFU galaxies inferred
sing different tracers. We define the SFRs listed in Table 3 as

ollows: 

(i) SFR UV - derived from the rest-UV luminosity of the observed
IRSpec spectra at rest-frame 1500 Å using a top-hat filter of 
idth 100 Å, uncorrected for dust attenuation. 
(ii) SFR UV, intrinsic SED - derived from the reconstructed intrinsic

dust-free) SED model (i.e. corrected for dust attenuation using
he curves derived from fits to the NIRSpec spectra in R. Fisher
t al. 2025 ) at rest-frame 1500 Å using a t op-hat filt er of width
00 Å. 

(iii) SFR H α - derived from the H α emission-line flux, corrected
or dust attenuation using the Balmer decrement, assuming the
tt enuation curv e deriv ed for each galaxy in R. Fisher et al. ( 2025 ).

(iv) SFR IR - dust-obscured SFR derived from the rest-frame FIR
LMA dust continuum detection. We assume a dust temperature
f 46 K (R. A. A. Bowler et al. 2024 ), e x cept for REBELS-25
nd REBELS-38, where we use the FIR luminosities presented
n H. S. B. Algera et al. ( 2024a , b ) derived from multiband ALMA
bservations. 
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Table 3. The SFRs derived from different tracers for the 12 REBELS-IFU galaxies at z � 7 studied in this work. From left to right, these are the rest-UV 

SFR derived dir ectly fr om the spectra with no dust correction, the dust -corrected rest -UV SFR derived from the reconstructed intrinsic SED, the dust- 
corrected H α SFR, the FIR SFR inferred from L IR , the FIR SFR inferred using the best-fit IRX –βUV relation in Fig. 4 , the 100 and 10 Myr SFRs obtained 
from the SED fits with a non-parametric SFH, and the [C ii] SFRs calculated using the calibration of I. De Looze et al. ( 2014 ) using the [C ii] luminosities 
presented in H. Algera et al. ( 2026 ) and Schouws et al. (in preparation). See Section 5 for a full description of each tracer. 

ID SFR UV SFR UV, intrinsic SED SFR H α SFR IR SFR IR, IRX SFR 100 Myr SFR 10 Myr SFR [CII] 158 μm 

M � yr −1 M � yr −1 M � yr −1 M � yr −1 M � yr −1 M � yr −1 M � yr −1 M � yr −1 

REBELS-05 12 . 4 ± 0 . 8 71 ± 9 113 ± 31 35 +7 −7 44 ± 9 25 +2 
−2 111 +15 −15 57 ± 7 

REBELS-08 17 . 7 ± 0 . 5 54 ± 7 120 ± 44 51 +10 
−10 22 ± 4 15 +2 

−2 90 +11 
−12 61 ± 9 

REBELS-12 28 . 2 ± 0 . 7 68 ± 10 – 51 +14 
−14 60 ± 10 28 +4 

−4 107 +24 
−19 84 ± 34 

REBELS-14 26 . 1 ± 0 . 9 68 ± 10 – 33 +8 
−8 49 ± 9 19 +3 

−2 103 +23 
−16 30 ± 9 

REBELS-15 28 . 5 ± 0 . 9 164 ± 3 185 ± 50 < 35 27 ± 5 25 +2 
−2 248 +18 

−16 16 ± 4 
REBELS-18 21 . 8 ± 0 . 5 71 ± 7 – 43 +8 

−8 60 ± 11 37 +4 
−3 109 +15 

−16 88 ± 7 
REBELS-25 12 . 0 ± 0 . 5 52 ± 7 – 55 +54 

−20 30 ± 7 11 +2 
−2 90 +18 −17 130 ± 9 

REBELS-29 19 . 7 ± 0 . 7 64 ± 9 57 ± 18 31 +7 −7 26 ± 5 31 +6 
−4 91 +14 −11 45 ± 8 

REBELS-32 9 . 1 ± 0 . 7 63 ± 9 92 ± 25 32 +9 
−9 37 ± 9 24 +4 

−4 89 +20 
−14 64 ± 7 

REBELS-34 24 . 9 ± 0 . 5 38 ± 4 57 ± 33 < 38 10 ± 2 22 +2 
−3 52 +8 −7 57 ± 16 

REBELS-38 19 . 6 ± 0 . 9 87 ± 11 161 ± 68 25 +17 
−8 47 ± 10 42 +8 

−6 132 +25 
−22 139 ± 13 

REBELS-39 28 . 2 ± 1 . 0 73 ± 10 140 ± 36 41 +9 
−9 21 ± 4 22 +2 

−2 110 +13 
−10 65 ± 21 

r
N
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(v) SFR IR, IRX - dust-obscured SFR inferred from the observed 

est-UV luminosity and the rest-UV continuum slope from the 
IRSpec spectra assuming the IRX –βUV relation fitted in Fig. 4 . 
(vi) SFR 10 Myr or SFR 100 Myr - SFR av eraged ov er 10 or 100 Myr,

nferr ed fr om the non-parametric SFH of the SED model fit-
 ed t o the NIRSpec spectra (the same SED model from which
FR UV, intrinsic SED is derived; see R. Fisher et al. 2025 , for details
f the SED fitting). These SFRs use all the information in the
ull NIRSpec spectra rather than a limited wavelength range as 
n the case of the rest-UV/H α SFRs. These SED fits do not use
he low S/N ALMA FIR data, meaning very obscur ed r egions
ould potentially be unaccounted for (e.g. J. Márquez et al. 2023 ).
ow ev er, as discussed in Section 5.3 of R. Fisher et al. ( 2025 ),

alues derived from the SED fits (e.g. A V ) show good consistency
ith FIR-derived properties, suggesting this is not the case. 
(vii) SFR [CII] 158 μm 

- SFR inferred from the FIR [C ii] 158 μm
mission-line flux, using the starburst calibration from I. De 
ooze et al. ( 2014 ). 

.1 Significant dust-obscured star formation fractions 

o demonstrate the importance of dust-obscured star forma- 
ion in our sour ces, in Fig . 5 we show the dust-obscured
FR fractions calculated from f obs = SFR IR /SFR UV+IR (where 
FR UV+IR = SFR UV + SFR IR ). We find high obscured fractions, in
he range f obs = 0 . 56 - 0 . 78 , consistent with those previously de-
ived for the REBELS sources from ground-based photometry (P. 
ayal et al. 2022 ; A. Ferrara et al. 2022 ; H. Inami et al. 2022 ;
. Sommovigo et al. 2022a ; R. A. A. Bowler et al. 2024 ), with a
ignificant reduction in the stellar mass uncertainties compared 

o the previous studies. This is consistent with previous results 
hat nearly half of the star formation in massive ( log ( M � / M �) > 9 )
alaxies at high-redshift ( z � 4 ) is known to be dust obscured (e.g.
. A. A. Bowler et al. 2018 ; Y. Fudamoto et al. 2021 ; H. Inami
t al. 2022 ; S. Schouws et al. 2023 ; L. Barrufet et al. 2023 ; R. A.
. Bowler et al. 2024 ; H. S. B. Algera et al. 2024a ). For compari-

on, we show the f obs –M � relation derived from a mass-complete
ample of galaxies at 0 < z < 2 . 5 by K. E. Whitaker et al. ( 2017 ).
he limit ed st ellar mass range and selection effects of our sample
revent us from ascertaining whether this relation holds at these 
edshifts; how ev er, the majority of the REBELS-IFU galaxies are
ppr o ximat ely consist ent with this relation. The four galaxies
ith the highest f obs values are offset above the K. E. Whitaker

t al. ( 2017 ) relation. This could reflect intrinsic scatter, or it might
uggest that the SED-deriv ed st ellar masses are slightly underes-
imated due to the rest-UV/optical spectra being dominated by 
he less obscured regions (there is evidence for spatial segr eg ation
etween the dust and rest-UV emitting regions in these galaxies, 
ee H. Inami et al. 2022 ). Nevertheless, the high obscured star
ormation fractions highlight the necessity of robust dust correc- 
ions when comparing the total SFRs for our massive sources, 
MNRAS 546, 1–20 (2026) 
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Figure 6. A comparison of two approaches for correcting rest-UV SFRs for dust attenuation. In the left panel, we show the total SFRs derived using the 
best-fit IRX –βUV relation shown in Fig. 4 , SFR UV + SFR IR, IRX , and in the right panel we show the rest-UV SFRs from the reconstructed intrinsic SED, 
SFR UV, intrinsic SED . Both methods recover the SFR UV + SFR IR values well, with the shaded regions denoting a 0.2 dex and 0.4 dex offset from the 1-to-1 
relation. In the left panel, the scatter around the 1-to-1 line corresponds to the offsets of the points from the IRX –βUV relation, as expected. In the right 
panel, REBELS-15 is an outlier, suggesting dust-age degeneracies in the SED fitting have caused an overestimation of its dust content. On the right, we 
colour the points by their molecular index, I m 

, showing that galaxies with larger I m 

values, indicative of a multiphase ISM, tend to be more offset from 

the 1-to-1 line. The median systematic shift in SFR UV + SFR IR with assumed dust temperature, T d , and dust emissivity index, βd , are indicated by the 
black and grey points. 
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hich ar e mor e significant than in low er st ellar mass sources.
e also plot the theor etical pr edictions based on the REBELS

ample from P. Dayal et al. ( 2022 ) for comparison, which uses the
FRs calculated in A. Ferr ar a et al. ( 2022 ). The obscured SFR frac-
ions derived from H α, f obs, H α = 1 − ( SFR H α, uncorrected / SFR H α ) ,
re lower due to the wavelength dependence of dust attenuation,
ut are still significant, ranging between 0.2 and 0.6, demonstrat-

ng the need to understand both nebular and continuum dust
ttenuation (see Section 4 ). 

.2 Consist ency betw een SFRs deriv ed fr om the r est-UV 

iven the importance of dust-obscured star formation in our
our ces, in Fig . 6 w e t est how w ell SFR UV+IR is recov ered by other
est-UV methods. This is also relevant for even higher redshift
 alaxies, wher e observations ar e typically limit ed t o the rest-UV
n the absence of less common MIRI observations and FIR de-
ections. In the left panel of Fig. 6 , we compare the SFR UV+IR 
alues to those obtained using the IRX –βUV relation fitted in
ig. 4 to correct the unobscured rest-UV SFR. The values show
ood agreement with SFR UV+IR , with the scatter around the 1-
o-1 relation corresponding to the offsets of the points from the
RX –βUV curve. This suggests that using the IRX –βUV relation can
ecov er the t otal SFRs w ell, although with a strong dependence
n the accuracy of the intrinsic UV-slope and attenuation curve
lope assumptions. 

In the right panel of Fig. 6 , we compare the SFR UV, intrinsic SED 
alues to SFR UV+IR . The SFRs derived from the reconstructed
ust-free SED models (SFR UV, intrinsic SED ) also recover the total
FRs derived from the rest-UV and FIR fluxes (SFR UV+IR ) well,
ith a standard deviation around the 1-to-1 relation of 17.6 M �

r −1 compared to 17.8 M � yr −1 for SFR UV + SFR IR, IRX . We note
hat the correlations are actually statistically weak in both cases,
lthough this could be a result of the narrow dynamic range of 
NRAS 546, 1–20 (2026) 
FRs w e probe. How ev er, REBELS-15 is a strong outlier when
sing the intrinsic SED method. The FIR dust continuum of 
EBELS-15 is undet ect ed. Assuming REBELS-15 has a similar
ust temperature to the other sources, this suggests that the SED
tting is overestimating the dust attenuation in this source, pos-
ibly due to ag e-dust deg ener acies. This demonstr ates the limita-
ions of only using the rest-UV/optical emission of a galaxy and
he value of multi-wavelength observations, even non-detections.
ow ev er, w e not e the possibility that the dust t emperature of 
EBELS-15 could be higher, which would naturally explain the
LMA Band 6 non-detection (e.g. T. J. L. C. Bakx et al. 2020 )

nd simultaneously increase its SFR IR . Another effect we must
onsider that could affect the recovery of the total SFRs is the
mpact of dust-star geometry. We find that the points with a
igher molecular inde x, I m 

= 

F 158 /F 1500 
βUV −βUV, 0 

(wher e F 158 and F 1500 ar e
he observed continuum flux densities at rest-frame 158 μm and
500 Å, respectively; see A. Ferr ar a et al. 2022 ), t end t o deviat e
or e fr om the 1-to-1 line in the right panel of Fig. 6 . Higher

 m 

values are indicative of the rest-UV and FIR emitting regions
eing spatially decoupled, suggesting that SED fitting recovers
he total SFR less well when galaxies have a mor e comple x, pos-
ibly multi-phase ISM. This is also seen in ALPINE galaxies (L.
ommovigo et al. 2022b ) and is suggestive of a non-uniform ISM
orphology. Future spatially resolved analysis will investigate

he effects of these spatial offsets further and their implications
or the assumption of energy balance in the SED fitting (Fisher et
l., in preparation). 

The majority of the SFR [CII] 158 μm 

values show good consis-
ency with the total SFR estimated from SFR UV + SFR IR . However,
e do not discuss the SFRs derived from [C ii] further due to the

ignificant uncertainties on the I. De Looze et al. ( 2014 ) calibra-
ion and ambiguity surrounding where [C ii] emission originates
r om, with some r ecent studies suggesting it is in fact a better
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Figure 7. The star-forming main-sequence relation with the 12 massive, 
z � 7 REBELS-IFU galaxies shown in blue. The SFRs are derived by 
combining the unobscur ed SFR fr om the r est-UV and the obscur ed SFR 

from the ALMA FIR dust continuum observations (assuming βd = 2 . 0 
and T d = 46 K for galaxies without published multiband T d values). The 
blue horizontal dashed line shows the SFR threshold of the REBELS 
survey imposed by the rest-UV bright selection and the sensitivity of the 
ALMA continuum observations. The small grey points show the other 
REBELS galaxies (R. A. A. Bowler et al. 2024 ) and the larger grey points 
show the ser endipitous sour ces discover ed in the REBELS ALMA data 
(Y. Fudamoto et al. 2021 ). The REBELS-IFU galaxies lie on or above the 
main-sequence r elations fr om J. S. Speagle et al. ( 2014 ), P. Popesso et al. 
( 2022 ), and M. P. Koprowski et al. ( 2024 ) shown by the dashed, dotted, and 
dash–dott ed lines, respectiv ely. These relations hav e been extrapolat ed t o 
z = 7 and are derived by combining a range of different tracers. 
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r acer of neutr al atomic gas (H i ) or molecular g as (H 2 , e.g . K. E.
eintz et al. 2021 ; D. Vizgan et al. 2022 ; L. Vallini et al. 2025 ). 

.3 The star-forming main-sequence with SFR UV+IR 

n Fig. 7 , we show the total SFRs of the REBELS-IFU galaxies
erived by combining the rest-UV and FIR tracers, SFR UV+IR , 

n comparison to literature star-forming main-sequence rela- 
ions (assuming βd = 2 . 0 and T d = 46 K, e x cept for REBELS-25
nd REBELS-38, for which we use the multi-band T d values). 
FR UV+IR is the most direct way of measuring the total SFR and
s independent of dust att enuation curv e assumptions. How ev er,
t still depends on the assumed luminosity-to - SFR conversion 

actors and dust temperature. We note that even if we adopt the
ust temperatures for these sources presented in A. Ferr ar a et al.
 2022 ) or L. Sommovigo et al. ( 2022a ), which vary between galax-
es, the galaxies still lie systematically above the literature main- 
equence relations, and our key results are unaffected. We also 
aveat that, as discussed at length in L. Sommovigo & H. Algera
 2025 ), assuming a single-temperature modified blackbody for 
he FIR dust SED can bias L IR measurements. Better sampling of 
he FIR dust SEDs via multiband ALMA observations is r equir ed
o place stronger constraints on L IR and thus the dust-obscured 

FR. Recently obtained ALMA observations now provide dust 
ontinuum detections in two bands for the dust-det ect ed galaxies 
n this sample (Algera et al. in pr eparation). Pr eliminary analysis
f these data suggests that we are adopting an appropriate dust
emperature and that the SFR IR values remain consistent within 
he errors, meaning our findings will not significantly change. 
or the galaxies without published multiband data for which we 
re assuming T d = 46 K and βd = 2 . 0 we indicate the median
ystematic shift in SFR UV+IR for variations in dust temperature 
nd dust emissivity index in the right panel of Fig. 6 . Although
he systematic shifts that could result from variations in these 
aramet ers appear large, w e highlight that the scatter in our
FR UV+IR values is much smaller than these error bars, suggesting
he dust temperatures are not varying this significantly between 

ur sources, and the preliminary analysis of the multi-band data 
or these sources suggests an average dust temperature consistent 
ith what we assume here (Algera et al. in preparation). 
The REBELS-IFU galaxies tend to lie slightly above the star- 

orming main-sequence relations derived by J. S. Speagle et al. 
 2014 ), P. Popesso et al. ( 2022 ), and M. P. Koprowski et al.
 2024 ) that have been extrapolated to z = 7 (these relations were
erived from galaxies up to z � 6 ) and adjusted to match the

uminosity-to - SFR conversion factors we use. We also show the
ther REBELS sources (R. A. A. Bowler et al. 2024 ) and the
er endipitous sour ces discover ed in the ALMA data from the
EBELS large program by Y. Fudamoto et al. ( 2021 ). The dashed
orizontal line shows the appr o ximate SFR thr eshold of the
EBELS survey introduced by the rest-UV bright selection ( M UV 
 −21 . 5 ) and the dust continuum sensitivity limits of the ALMA

bservations. This introduces a bias towards higher SFRs and an 

rtificial flatness in the data points (see also H. S. B. Algera et al.
022 ; R. J. Bouwens et al. 2022 ). The 12 REBELS-IFU sources
ave some of the brightest [C ii] 158 μm detections from the
EBELS survey, further biasing this subsample to higher SFRs 

e.g. I. De Looze et al. 2014 ). If we simulate the main sequence
sing the relation and scatter from J. S. Speagle et al. ( 2014 ) and
pply the selection cuts, the simulated galaxies occupy a similar 
egion of the parameter space, as indicated by the horizontal line
n Fig. 7 . 

.4 The star-forming main sequence with other tracers 

n Fig. 8 , we show the positions of the REBELS-IFU sample
ith respect to the star-forming main-sequence using other SFR 

r acers, with tr acers that are sensitiv e t o longer (short er) time-
cales in the t op (bott om) panel. We plot the SFRs derived from
he NIRSpec spectra of JADES galaxies in the same redshift range
ith open circles (D. J. Eisenstein et al. 2025 ; A. J. Bunker et al.

024 ; F. D’Eugenio et al. 2025 ). The REBELS-IFU galaxies tend to
ie above all the main-sequence relations derived using different 
racers from CEERS and JADES spectra at 6 < z ≤ 7 by L.
larke et al. ( 2024 ). The forbidden regions set by the maximum
FR av eraged ov er a giv en timescale as a function of st ellar mass
hat has been formed (see A. C. Carnall et al. 2018 ) are shown by
he shaded regions. For a galaxy to lie in these regions, it would
 equir e the SFR averaged over a given timescale to be greater than
he total mass formed divided by the total elapsed time. 

First we consider the SFR averaged over longer (100 Myr) time-
cales, comparing SFR UV, intrinsic SED and SFR 100 Myr (upper panel). 

hile SFR UV, intrinsic SED shows a flat relation similar to SFR UV+IR , 
s expected given the relatively good agreement we found be- 
ween these quantities in Fig. 6 , SFR 100 Myr correlates strongly 
ith stellar mass and shows e xtr emely good consistency with

he J. S. Speagle et al. ( 2014 ) relation and 100 Myr SED-based
 elation fr om L. Clarke et al. ( 2024 ). As will be discussed further
n Section 6.3 , SFR UV, intrinsic SED and SFR UV+IR are calculated using 

values that are derived assuming a constant SFH. This results
MNRAS 546, 1–20 (2026) 
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M

Figure 8. The star-forming main-sequence relation with longer (upper 
panel) and short er (low er panel) time-scale tr acers. The cy an and ma- 
genta shaded areas show the forbidden regions of the parameter space 
for the 100 and 10 Myr time-scales, derived by assuming all the stellar 
mass has been formed over that time-scale (A. C. Carnall et al. 2018 ). In 
the upper panel, we show that the SFRs derived from the rest-UV flux 
of the reconstructed intrinsic SEDs, SFR UV, intrinsic SED , in teal and the 
SFR 100 Myr v alues (cy an) from the same SED fits. The SFR UV, intrinsic SED 
values systematically e x ceed the SFR 100 Myr values. This discr epancy can 
be explained by rising SFHs (see Section 6.3 ). In the bottom panel, we 
show the SFR H α values in red and the SFR 10 Myr values from SED fitting 
in magenta. These two tracers agree well. The H α and 100 Myr main- 
sequence r elations fr om CEERS and JADES galaxies at 6 < z ≤ 7 are 
shown by the red and blue dash–dotted lines (L. Clarke et al. 2024 ), and 
JADES galaxies in the same redshift range as the REBELS-IFU sample are 
shown by open circles. 
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n these tracing the SFR averaged over time-scales shorter than
00 Myr, according to the rising SFHs of the SED fits. Indeed, the
ajority of the SFR UV+IR and SFR UV, intrinsic SED values lie in the

orbidden region of Fig. 8 and thus cannot be representative of an
verage SFR over 100 Myr for these SED-derived stellar masses. 

Second we consider the SFR averaged over shorter (10 Myr)
imescales in the bottom panel, we find good agreement between
he SFR 10 Myr and SFR H α values for the eight galaxies in the
EBELS-IFU sample at 6 . 5 ≤ z < 7 . 0 for which H α lies within
NRAS 546, 1–20 (2026) 
he NIRSpec wavelength coverage. As will be discussed further
n Section 6.3 , κH α changes less dramatically than κUV for a rising
FH compared to a constant SFH and thus these continue to trace
imilar timescales. On av erage, SFR H α t ends t o slightly e x ceed
FR UV+IR , consistent with the rising SFH seen in the SED fits,
ven though SFR UV+IR and SFR UV, intrinsic SED are effectively trac-
ng shorter timescales. Similarly, the L. Clarke et al. ( 2024 ) main-
equence relation derived using H α has a higher normalisation
nd larger scatter than the rest-UV derived relation. The range of 
FR H α values in our sample is also slightly larger than SFR UV+IR ,
ut our small sample size makes it challenging to comment on
he scatter of the star-forming main-sequence and the implica-
ions of this for SFH burstiness. We also note that the REBELS-
FU sour ces e xhibit e xtended and clumpy morphologies (see L.
omarova et al. 2025 ; L. E. Rowland et al. 2025 ) with evidence

or spatial offsets between the dust and rest-UV emission (H.
nami et al. 2022 ; Fisher et al. in preparation). This means that
t is possible that SFR differences could be a result of tracers
manating fr om differ ent r egions. The impact of this will be in-
 estigat ed in more detail in upcoming, spatially resolved analysis
f these sources (Fisher et al. in preparation; Laza-Ramos et al.,
n preparation). 

 DISCUSSION  

e hav e deriv ed the SFRs fr om differ ent tracers for 12 Lyman-
r eak g alaxies at z = 6 . 5 − 7 . 7 using JWST NIRSpec spectra and
LMA observations, showing that the majority of these trac-

rs place the REBELS-IFU galaxies abov e lit erature z = 7 star-
orming main-sequence relations. These galaxies have high dust-
bscured SFR fractions, but our multiwavelength data allow us
o r obustly corr ect for this. We will discuss the physical rea-
ons for discrepancies between SFR tracers and show that the
EBELS-IFU SFHs rise more steeply than lower mass galaxies
t the same redshift. We illustrate the effects of these rising SFHs
n luminosity-to - SFR conversion factors using SED models and
resent new conversions more relevant for z � 7 galaxies. Finally,
e use these results to show that the H α-to-UV luminosity ratio

s an unreliable probe of SFH burstiness. 

.1 Tracer time-scales and rising SFHs cause SFR 

iscrepancies 

n Fig. 8 , we showed the discrepancy between SFR UV, intrinsic SED ,
erived using the luminosity-to - SFR conversion factor given in
able 2 , and the SFR 100 Myr values derived from the same SED
ts. The offset between these is greater for the galaxies with more
teeply rising SFHs (i.e. it anticorrelates with the mass-w eight ed
ges of the SED fits, such that the discrepancy is larger for
oung er ag es with lower mass-to-light ratios), as will be discussed
n more detail in Section 6.3 In Fig. 9 we show that the inferred
0 Myr averaged SFRs from the SED fitting are systematically
igher than SFR UV+IR , consistent with a rising SFH and SFR UV+IR 
robing timescales longer than 10 Myr. How ev er, the 100 Myr
FR values from the SED fitting are systematically lower than
he SFR UV+IR values, which is puzzling as SFR UV+IR is expected
o probe this time-scale. This discrepancy is a result of using
onv ersion fact ors that assume a constant SFH in the previous
00 Myr. As will be shown in more detail in Section 6.3 , the κ
alues needed to convert between, for example, SFR 100 Myr and
 UV depend on the exact form of the SFH, especially in the rest-
V (see also Fig. 10 in A. Pallottini et al. 2022 ). 



REBELS-IFU SFRs 13 

Figure 9. We show that the SFR UV+IR values for the REBELS-IFU 

g alaxies ar e systematically offset below the SED-derived 10 Myr SFRs 
(top panel) and above the 100 Myr SFRs (bottom panel). This implies 
the SFR UV+IR values, calculated using luminosity-to - SFR conversion fac- 
tors that are derived assuming a constant SFH, are tracing the average 
SFR over a time-scale between these two values. A ccor ding to the non- 
parametric SFHs of our SED fits, our SFR UV+IR v alues tr ace the SFR 

av eraged ov er a median time-scale of ∼ 20 Myr. 
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Figure 10. In the t op panel, w e show the median SFH of the REBELS- 
IFU g alaxies in r ed. In black, we show the median SFH of JADES galax- 
ies in the same redshift range. The REBELS-IFU SFHs are significantly 
higher than the JADES galaxies. In the bott om panel, w e normalise the 
SFHs by the most recent bin to compare their shapes and find that the 
REBELS-IFU SFHs tend to rise more steeply. The shaded regions show 

the 16th–84th percentile range. The vertical grey bands show the physical 
cut-off in age set by the age of the Universe at these redshifts. 
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100 Myr SFRs that are lower than rest-UV derived SFRs have 
lso been found in other observational works. For example, C. A. 
irie et al. ( 2025 ) finds dust-corrected SFR UV values that are en-
anced by a factor of 2 - 3 compared to the SED-derived SFR 100 Myr 
alues derived from the NIRCam narrow-band imaging of the 
ELS ( JWST Emission Line Survey) galaxies at z � 6 . 1 , with the
argest offsets in galaxies with lower stellar masses and enhanced 

ecent star formation. We find comparable factors in the REBELS-
FU sample, with SFR UV+IR and SFR UV, intrinsic SED e x ceeding 
FR 100 Myr by median factors of 2.3 and 2.7, respectively. Thus, 
her e is gr owing observational evidence that at these redshifts
he rest-UV continuum light of galaxies is dominated by fluc- 
uations in star formation on time-scales shorter than 100 Myr, 
ntroducing biases in SFRs derived from the rest-UV using κ
alues that assume constant SFHs. Simulations have also shown 

hat stochastic variability in SFRs can cause rest-UV magnitude 
ariations at these redshifts (e.g. A. Pallottini & A. Ferr ar a 2023 ).
These observational results are also consistent with the 
HES AN- Z OOM h ydr odynamics simulations pr esented in W.
cClymont et al. ( 2025 ). They find that the 100 Myr SFRs are

elow the rest-UV SFRs derived using κ values that assume a 
onstant SFH, with the rest-UV SFRs instead probing a time-scale 
f 24 Myr. If we take the non-parametric SFHs of our SED fits,
e find that SFR UV+IR is equivalent to the SFR averaged over a
edian time-scale of ∼ 20 Myr. Similarly, r esults fr om the FIRE

imulations suggest that, since the int egrat ed rest-UV light of a
alaxy is dominated by the young, massive, and short-lived stars, 
he rest-UV continuum can trace time-scales ranging between 

0 Myr and more than 100 Myr, depending on the SFH (J. A.
. Velázquez et al. 2021 ). This suggests that variability in star
ormation on time-scales shorter than 100 Myr is introducing 
catter and biases into SFRs inferr ed fr om the rest-UV emission,
ntroducing scatt er t o main-sequence relations since the time- 
cales pr obed ar e dependent on the individual g alaxy SFH. The
MNRAS 546, 1–20 (2026) 
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mpact of this is likely to increase at higher redshifts, given the
vidence that SFHs are more likely to be bursty or rising (e.g. S.
acchella et al. 2018 ; J. W. Cole et al. 2025 ; C. Carvajal-Bohorquez
t al. 2025 ; C. Simmonds et al. 2025 ), although the simulations of 
. Pallottini et al. ( 2025 ) suggest SFH stochastity cannot be too
igh without destroying the observed mass metallicity relation.
hus, SFRs derived from the rest-UV/FIR using calibrations that
ssume a constant SFH should not be assumed to be equiva-
ent to the 100 Myr average SED result in high-redshift galaxies
ince they are assuming different SFHs to convert between the
bserved flux and SFR. The SED-derived SFRs are arguably more
nformative than the SFR UV or SFR H α values derived in this work
ince they use all the information in the observed NIRSpec spec-
ra and allow for some flexibility in the SFHs, compared to the
 ery limit ed wav elength ranges and the (likely invalid) assump-
ions made to derive the luminosity-to - SFR conversion factors
e.g. constant SFH and fixed metallicity) used for the latter two. 

.2 Star formation histories 

o further understand the discrepancies between SFR tracers and
he positions of the REBELS-IFU galaxies relativ e t o the main-
equence relations, we investigate their SFHs. SED fits with a
onstant SFH constrained to have a minimum time-scale of at
east 100 Myr fit the spectra poorly. In particular, the lack of a
almer Break feature in the observed integrated spectra around

est-fr ame w avelengths of 4000 Å, which is associated with older
tars, most notably A-type stars, causes the optical continuum
evel and emission lines to be poorly fitted (e.g. A. G. Bruzual
983 ; B. M. Poggianti & G. Barbaro 1997 ), suggesting the contri-
ution of these stars to the integrated spectrum is not significant.
ur findings are consistent with the work of M. W. Topping et al.

 2022 ) on the REBELS galaxies, which also finds that SED fitting
ith a constant SFH results in younger ages and masses that are

yst ematically low er than non-parametric fits. On av erage, our
on-parametric masses are 0.35 dex higher than those from the
onstant SFH, which is similar to the offset of 0.43 dex M. W.
opping et al. ( 2022 ) finds. We note that stellar masses derived
rom int egrat ed spectra can be underestimat ed compared t o pixel-
ased estimates due to outshining (e.g. C. Giménez-Arteaga et al.
024 ). How ev er, these effects are not expected to be significant in
igh-mass galaxies like these (e.g. N. E. P. Lines et al. 2025 ). 
In Fig. 10 , we compare the aver age non-par ametric SFH of 

he REBELS-IFU galaxies. 1 to the JADES galaxies in the same
edshift range 2 We note that the stellar mass distributions of 
hese two samples are not the same, with the median mass of 
hese JADES galaxies being log ( M � / M � ) = 8 . 8 compared to log (
 � / M � ) = 9 . 6 for the REBELS-IFU sample. In the top panel

f Fig. 10 , we find, unsurprisingly, that the median SFH of the
EBELS-IFU galaxies is significantly higher than the JADES
NRAS 546, 1–20 (2026) 

 We note that we present the median SFH for the REBELS-IFU sources 
sing the int egrat ed spectra. A detailed analysis of the SFH of each galaxy 
ill be presented in Laza-Ramos et al. in preparation, including spatially 

esolved component-by-component analysis using the IFU data, which 
ill provide a more comprehensive picture of how these galaxies have 
uilt up their stellar mass. 
 We fit the NIRSpec spectra of the JADES galaxies with the same BAG- 
IPES set-up as in R. Fisher et al. ( 2025 ), e x cept we fix the attenuation 
urv e t o D. Calzetti et al. ( 2000 ) since we expect their dust content to be 
ower and thus the attenuation curve slope recovery to be less reliable (see 
ppendix A of R. Fisher et al. 2025 ). 
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alaxies. In the bottom panel of Fig. 10 , we plot the SFHs nor-
alised by the most recent bin. Although the variation between

he galaxies, indicated by the shaded regions, is quite large, the
EBELS-IFU SFHs, on average, rise more steeply than the JADES
alaxies. Given that lower stellar mass galaxies are generally
hought t o hav e more st eeply rising or st ochastic SFHs (e.g. L.
egrand et al. 2021 ; T. J. Looser et al. 2025 ), this is unexpected.
ow ev er, the bright rest-UV selection bias could go some way to

xplaining this, with work from the JADES survey by R. Endsley
t al. ( 2024 ) suggesting that the brightest galaxies in their sample
re often experiencing a recent strong upturn in their SFRs. We
lso note that steeply rising SFHs are consistent with the results of 
he SERRA simulations presented in M. Kohandel, A. Pallottini &
. Ferr ar a ( 2025 ). 
Int erestingly, w e find that two of the most steeply rising SFHs

elong to REBELS-14 and REBELS-39, both of which have two
learly distinct clumps in the IFU imaging (see fig. 1 of L. E.
owland et al. 2025 ). This could be evidence for star formation
nhancement via merging activity, which results in more steeply
ising SFHs (e.g. C. Bottrell et al. 2023 , and references therein).
etailed, spatially resolved analysis will investigate this further

Laza-Ramos et al., in preparation), and [C ii] kinematic con-
traints are needed to determine which galaxies in our sample
re indeed mergers (Phillips et al., in preparation). 

.3 Simulating the effect of rising SFHs on SFR tracers 
nd κ

iven the strong evidence that our galaxies have non-constant
FRs in the 100 Myr prior t o observation, w e further inv estigat e
he effect of a rising SFH on our results by generating model
alaxy SEDs with BAGPIPES (A. C. Carnall et al. 2018 , 2019 ).
n Fig. 11 , we show a model where we take the fitted SED of 
 REBELS-IFU galaxy and set the SFH such that the SFR in
ach time bin in the SFH differs from the previous by a constant
atio. We adjust this bin ratio t o creat e SFHs of varying st eepness,
eeping all other parameters the same. We also create a model
alaxy that has a constant SFH over the same time-scale. 

Using the rest-UV and H α fluxes from the model SEDs, we cal-
ulate the κ values r equir ed to convert between these luminosities
nd the known average SFR over 100 or 10 Myr (SFR 100 Myr or
FR 10 Myr ). These are shown in the top two panels. We see κUV 
nd κH α , which are the ratios between the SFRs and luminosi-
ies, both decrease with increasing SFH steepness. This is to be
xpected because galaxies with more steeply rising SFHs have a
reater fraction of their very young, massive stars formed in the
or e r ecent past, which dominate the spectra, r esulting in gr eater

uminosities for a given time-averaged SED SFR. The fractional
ecrease in κUV occurs more rapidly. 3 
In the thir d r ow, we show how the SFR H α/SFR UV, intrinsic SED ra-

io and the SFR 10 Myr /SFR 100 Myr ratio respond to increasing SFH
t eepness. SFR H α and SFR UV, intrinsic SED are calculat ed using the
uminosity-to - SFR conversion factors ( κ values) inferred from the
onstant SFH, consistent with what is commonly assumed in
alibr ations. Both SFR r atios correlat e with st eepness, but the
 We note that in contrast to A. Pallottini et al. ( 2022 ), our conversion factor 
ecr eases with incr easing SFH st eepness. This is due t o the fact that we 
alculate κUV using SFR 100 Myr , whereas A. Pallottini et al. ( 2022 ) uses the 
FR av eraged ov er 20 Myr. Thus, in our case, the rate at which SFR 100 Myr 
ncreases is slower than the rate at which L UV increases. 
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Figur e 11. We cr eate model g alaxy spectra using BAGPIPES with non- 
parametric SFHs based on the SED fits to two of the REBELS-IFU galax- 
ies. In the bottom panel, we show the SFHs of increasing steepness, nor- 
malised by the most recent SFH bin. The grey vertical lines in the top three 
panels mark the locations of the constant and three rising SFHs shown. In 
the top two panels, we show the fractional change in the luminosity-to- 
SFR conv ersion fact ors, κ (calculat ed using κUV = SFR 100 Myr /L UV and 
κH α = SFR 10 Myr /L H α) compared to the value obtained using a con- 
stant SFH against 1 − the SFR ratio betw een succesiv e time bins in the 
SFH, i.e. against increasing SFH steepness. The conversion factors both 
decrease with increasing steepness of the rising SFH, with the varia- 
tion in κUV being more significant. In the third row, we show that the 
SFR 10 Myr /SFR 100 Myr and SFR H α/SFR UV, intrinsic SED ratios, with the latter 
assuming the κ values derived from the constant SFH model. These both 
correlate with the steepness of the SFH, but the SFR H α/SFR UV, intrinsic SED 
r atio v aries to a lesser degree since the effective time-scales each tracer 
probes become more closely spaced in time as burstiness increases. 
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hange in the SFR H α/SFR UV, intrinsic SED ratio is less pronounced 

han the SFR 10 Myr /SFR 100 Myr ratio. This is driven by the fact
hat κUV varies more quickly than κH α and thus the time-scales 
ffectively probed when using κ values from the constant SFH 

onverge. We discuss further in Section 6.5 the implications of 
his for inferring whether a galaxy has a bursty SFH. 

.4 Deriving new luminosity-to - SFR conversion factors 

iven the non-constant nature of the REBELS-IFU SFHs, we 
erive new luminosity-to - SFR conversion factors from our rising 
on-parametric SFHs. To convert the observed rest -UV flux, cor -
ected for dust attenuation, to the SFR averaged over 100 Myr
nferr ed fr om the SED fits (SFR 100 Myr ) would r equir e a median
uminosity-to - SFR conversion factor of 

UV = (2 . 7 ± 0 . 9) × 10 −29 M � yr −1 erg −1 s Hz . (10) 

o convert the dust-corrected H α flux to the SFR averaged over
0 Myr inferred from the SED fits (SFR 10 Myr ) would require a
edian luminosity-to - SFR conv ersion fact or of 

H α = (4 . 7 ± 1 . 4) × 10 −42 M � yr −1 erg −1 s . (11) 

he standard deviations in the κ values are around 30 per cent of 
he median values, which perhaps should be considered a lower 
imit on the uncertainty in κ values such as these due to factors
uch as the variation in the shape of the galaxy SFHs and metal-
icity. Comparing these to the values in Table 2 that are derived
ssuming constant SFHs ( κUV = 7 . 2 × 10 −29 M � yr −1 erg −1 s Hz
nd κH α = 4 . 977 × 10 −42 M � yr −1 erg −1 s ), we see that κH α

 emains appr o ximat ely consist ent, but there is a large systematic
hift in κUV by a factor of � 2 . 7 ( > 0 . 4 dex). Thus, the SFRs
erived from the rest-UV with the κ values from a constant SFH
 ould ov erestimat e the 100 Myr SFR by this factor. This has sig-
ificant implications for deriving SFRs for galaxies at even higher 
edshifts than our sample, since observations of these sources 
ypically only probe the rest-UV and rising SFHs are increasingly 
ikely (e.g. C. Simmonds et al. 2025 ). B y e xtension, κIR will be
ffected in the same way as κUV . Ther efor e, t o av oid ov eresti-
ating the SFR over a given time-scale in galaxies with rising

FHs, adjust ed conv ersion fact ors like these should be used. We
ote that the conversion factors applicable to the more abundant 

ower-mass galaxies at z � 7 , which, as shown in Fig. 10 , may
ave slightly less steeply rising SFHs, may not be quite as low,
nd ther efor e the conv ersion fact ors used should be informed by
he SFH steepness (see Fig. 11 ). 

.5 How useful, ther efor e, ar e burstiness diagnostics? 

inally, we use our results to assess the usefulness of the ratio
f the H α luminosity, L H α , to the monochromatic luminosity at
est-fr ame w avelength 1600 Å, νL ν, 1600 , as a diagnostic for probing
he SFHs of our galaxies. 4 This ratio is commonly used in the
iterature in both local and high-redshift galaxies to quantify SFH 

urstiness (e.g. G. R. Meurer et al. 2009 ; D. R. Weisz et al. 2012 ;
. Guo et al. 2016 ; N. Emami et al. 2019 ; A. L. Faisst et al. 2019 ;
. Clarke et al. 2024 ) with some recent JWST studies suggesting
MNRAS 546, 1–20 (2026) 

 We note that this quantity is closely related to the ionizing photon pro- 
uction efficiency, ξion, 0 , presented for this sample in L. Komarova et al. 
 2025 ). The values presented there are consistent with what we derive in 
his work. 
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Figure 12. In the left panel, we plot the ratio of the dust-corrected H α-to-UV luminosities as a function of stellar mass in red for the 8 of the 12 
massive galaxies in the REBELS-IFU sample at 6 . 5 ≤ z < 7 . 0 for which H α lies within the NIRSpec wavelength coverage. The ratios are consistent 
with or below the equilibrium range from V. Mehta et al. ( 2023 ) shown by the blue shaded band, which indicates non-bursty SFHs. JADES galaxies 
at the same redshift as the REBELS-IFU sample are shown as open grey circles. In the right panel, we show that all the REBELS-IFU galaxies have 
log (SFR 10 Myr /SFR 100 Myr ) > 0 , indicative of rising or bursty SFHs, as derived from the SED fitting to the full spectra. This suggests that the H α-to-UV 

luminosity ratio can be consistent with non-bursty SFH values even when there is strong evidence for rising SFHs in the 100 Myr prior to observation, 
implying it cannot reliably identify all bursty SFHs. 
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ower mass galaxies ( log ( M � / M � ) < 9 ) with higher emission-
ine equivalent widths are more bursty (e.g. H. Atek et al. 2022 ;
. Asada et al. 2023 ; C. A. Pirie et al. 2025 ). In Fig. 12 , we show

he position of the REBELS-IFU galaxies using the dust-corrected
est-frame UV luminosities. 5 We see that all the REBELS-IFU
 alaxies ar e consistent within 1 σ errors, or in one case slightly
elow, the ‘equilibrium value’ from V. Mehta et al. ( 2023 ). These
quilibrium values are derived from stellar population synthesis
odels that suggest the ratio reaches an equilibrium value of 
1 . 93 to −1 . 78 after 100–200 Myr of constant SFR for the metal-

icity range log (Z/ Z � ) = [ −2 , 0] . In open grey circles, we show
he JADES galaxies at the same redshift range as the REBELS-IFU
alaxies. Using this diagnostic ratio, L. Clarke et al. ( 2024 ) finds
o trend in the burstiness of galaxies with redshift ( 1 . 4 < z < 7 )
nd suggests that there is a mixture of bursty and non-bursty
alaxies at all redshifts. 

Whilst M. Sparre et al. ( 2017 ) and J. A. F. Velázquez et al.
 2021 ) argue that the H α to rest-UV flux ratio is a good indi-
ator of star formation burstiness according to the FIRE simu-
ations, other studies, such as S. Rezaee et al. ( 2023 ) in typical
tar-forming galaxies at z � 2 from the MOSDEF survey, cast
oubt on the reliability of this ratio for probing bursty star for-
ation. Using a spatially resolved analysis of the star formation

urface density, stellar population ages, and spectral features in
he rest-frame far UV, they find no evidence that elevated H α-
o-UV ratios are indicative of galaxies undergoing bursts of star
ormation. 

The H α-to-UV flux ratio is conventionally assumed to be a
r o xy for the 10-to-100 Myr SFR ratio. In the right panel of Fig. 12 ,
NRAS 546, 1–20 (2026) 

 We use the rest-UV flux derived from the intrinsic SED model over that 
erived from SFR UV+IR / κUV since the ratios using the latter are only 
vailable for 6 galaxies by the time we have e x cluded the four without 
 α coverage and the two without ALMA dust continuum detections. 

w  

t  

t  

K  

r

e show that the SFR 10 Myr /SFR 100 Myr ratios are all elevated above
he value for a constant SFH and anticorrelate with mass (hinting
t a possible mass dependence to the SFH burstiness, although
he trend is not obvious in the JADES galaxies). Similarly, we see
hat the JADES galaxies are also syst ematically shift ed upwards
hen using this ratio. This is consistent with our model results

hown in Fig. 11 . Thus, we show that the H α-to-rest-UV ratio can
e consistent with non-bursty values even when there is strong
vidence for rapidly rising SFHs over the previous 100 Myr (see
ection 6.2 ). This can also be seen in the simulations of Y. Asada
t al. ( 2023 ) and V. Mehta et al. ( 2023 ). Thus, we conclude that
he H α-to-UV ratio is not a completely r eliable pr obe of burstiness
nd, at best, only pr ovides a lower limit on how many g alaxies ar e
ursty (e.g. L. Clarke et al. 2024 ). While some studies (e.g. R. End-
ley et al. 2025 ; V. Kokorev et al. 2025 ) define bursty galaxies as
hose with log (SFR 10 Myr /SFR 100 Myr ) > 0 , C. Carvajal-Bohorquez
t al. ( 2025 ) suggests only galaxies with values greater than � 0 . 2
hould be considered bursty. Even with this more stringent con-
traint, the REBELS-IFU galaxies would be classified as bursty. In
ddition to the problems introduced by SFH variations, we note
hat observ ed H α-t o-r est-UV ratios ar e highly dependent on dust
ttenuation correction assumptions, since both the numerator
nd denominator r equir e corr ection, and that the H α-to-UV ratio
redicted for a constant SFH is influenced by whether binary
t ellar ev olution is included in the models and the choice of IMF
see S. Rezaee et al. 2023 ). Ther efor e, we suggest that SED fitting
s likely to be a more reliable method of identifying bursty SFHs,
ncluding tests such as inspecting whether features in the galaxy
pectra can be r epr oduced with constant SFHs. We also note that
 e hav e not considered short er time-scale (st ochastic) fluctua-

ions in SFHs. This is beyond the scope of this w ork, but w e not e
hat stochastic fluctuations superimposed on a rising SFH (e.g. M.
ohandel et al. 2025 ) would be hard to distinguish from a steeply

ising SFH. 
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 CONCLUSIONS  

n this w ork, w e present a comprehensive analysis of a range of 
FR tracers from a sample of 12 massive Lyman-br eak g alaxies
t redshifts z � 6 . 5 − 7 . 7 known as the REBELS-IFU sample. We
erive SFRs from the H α, rest-UV, and FIR emission and com-
are these to those obtained from SED fits to the NIRSpec spectra.
he main conclusions of this work are: 

(i) We find an average stellar-to-nebular attenuation ratio 
f f = E(B − V ) stellar /E(B − V ) gas = 0 . 50 ± 0 . 08 , indicating that
ifferential attenuation remains significant in massive, z � 7 
alaxies. This ratio is consistent with the f = 0 . 44 factor for lo-
al star-forming galaxies (D. Calzetti 1997b ), suggesting no clear 
edshift ev olution. How ev er, the large scatt er around the av erage
elation implies that nebular attenuation cannot be reliably in- 
err ed fr om the stellar continuum for individual galaxies. We find
 entativ e evidence that the f ratio is metallicity dependent, with
he most metal-rich galaxy (REBELS-29) having a ratio consistent 
ith f = 1 . 
(ii) The aver age at tenuation curve inferred from the IRX –βUV 

elation lies between the Calzetti-like and SMC relations, con- 
istent with the attenuation curves derived directly from the 
IRSpec rest-UV/optical spectra in R. Fisher et al. ( 2025 ). The
EBELS-IFU g alaxies e xhibit high obscur ed SFR fractions, with

f obs = SFR IR /SFR UV+IR = 0 . 56 − 0 . 78 , and we utilise the multi-
 avelength observ ations av ailable for our sample to correct the
ust-att enuat ed SFR tracers. 
(iii) The REBELS-IFU galaxies lie syst ematically abov e lit era- 

ure z = 7 star-forming main-sequence relations when using the 
otal SFRs derived from the rest-UV and FIR fluxes (SFR UV+IR ),
he rest-UV SFRs from the reconstructed dust-free intrinsic SED 

SFR UV, intrinsic SED ), the dust-corrected H α SFRs (SFR H α), or the 
FRs av eraged ov er a 10 Myr time-scale from the SED fits
SFR 10 Myr ). How ev er, the SFRs averaged over a 100 Myr time-
cale derived from the SED fits (SFR 100 Myr ) are consistent with
iterature star-forming main-sequence relations. These discrep- 
ncies can be explained with rising SFHs, which causes SFR UV+IR 
calculated using the fiducial luminosity-to - SFR conversion fac- 
ors that are derived assuming a constant SFH) to match the SFR
v eraged ov er a time-scale of ∼ 20 Myr, not the assumed 100
yrs. Thus, w e demonstrat e that it can be misleading t o adopt

tandard SFR conversion factors in high-r edshift g alaxies that 
r e mor e likely to have rising or bursty SFHs, especially when
omparing SFR UV+IR to SFR 100 Myr or lower-redshift results. 

(iv) We find strong evidence for rising SFHs in the REBELS- 
FU galaxies when fitting SED models to the integrated spectra. 
ompared to galaxies from the JADES survey at similar redshifts, 

he average REBELS-IFU SFH rises more steeply, which is sur- 
rising given their high stellar masses, but can be understood 

onsidering the rest-UV bright selection of our sample. 
(v) Assuming the best-fit non-parametric SFHs for the 

EBELS-IFU g alaxies, we pr ovide new luminosity-to - SFR 

alibrations mor e r elevant for obtaining the SFRs averaged over 
00 Myr of massive z � 7 galaxies. We find a median rest-UV
uminosity to SFR 100 Myr conversion factor of 

UV = (2 . 7 ± 0 . 9) × 10 −29 M � yr −1 erg −1 s Hz (12) 

nd a median H α luminosity to SFR 10 Myr conversion factor of 

H α = (4 . 7 ± 1 . 4) × 10 −42 M � yr −1 erg −1 s . (13) 

he spread in these values reflects at least a 30 per cent systematic
ncertainty due to factors such as SFH shape and metallicity. 
he significant systematic decrease in κUV by a factor of � 3
 > 0 . 4 dex) compared to the fiducial value derived assuming a
onstant SFH is of particular importance for the reliability of 
FRs of z > 12 objects, where observations typically only probe
he rest-UV (since MIRI observations and FIR detections are less 
ommonly available) and SFHs are more likely to be rising. Using
odel galaxy SEDs from BAGPIPES, we find κUV and κH α both 

ecrease with more steeply rising SFHs, with κUV being more 
ensitive. Ther efor e, to avoid overestimating the average SFR over
 given time-scale in high-redshift galaxies with rising SFHs, ad- 
ust ed conv ersion fact ors should be used. In Fig. 11 , w e provide a
raph to estimate the shift in conversion factors for a given SFH
teepness. 

(vi) Despite all the REBELS-IFU galaxies having 
FR 10 Myr /SFR 100 Myr > 1 , indicative of bursty SFHs, the observed
 α-to-UV luminosity ratios for all but one of the galaxies remain

onsistent (within 1 σ ) with the non-bursty value. This result 
s supported by our BAGPIPES model spectra that show the 
FR H α/SFR UV r atio v aries to a lesser degree than than the
FR 10 Myr /SFR 100 Myr ratio with increasing SFH steepness due 
o the sensitivity of the rest-UV flux to fluctuations in SFR on
ime-scales shorter than 100 Myr. This suggests the H α-to-UV
uminosity ratio is not a reliable indicator of bursty SFHs, even
ith robust dust attenuation corrections. 

We have shown that using multiwavelength data provides a 
or e compr ehensive pictur e of the global pr operties of these
 alaxies. In futur e w ork, w e will ext end this analysis t o spa-
ially resolved scales. This is now possible given the wealth of 

ultiwavelength data we now have for some of these sources –
ncluding NIRCam imaging (PID 6480; P.I. Schouws, PID 6036; 
.I. Hodge), the NIRSpec IFU spectroscopy, and high-resolution 

up to 0 . 15 arcsec ) ALMA Band 6 data for ten of the REBELS-
FU galaxies (see L. E. Rowland et al. 2024 , for REBELS-25 and
hillips et al. in preparation and the recently approved ALMA 

ID: 2025.1.01318.S, P.I. Stefanon). This will further reveal how 

hese galaxies build-up their dust and stellar mass in the first Gyr
f the Universe. 
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n Fig. A1 , we show the colour excesses for the ionised gas,
(B − V ) gas , derived from the Balmer decrement, compared to

he colour e x cesses for the stellar continuum, E(B − V ) stellar , with
ifferent att enuation curv e assumptions. In the left panel, we
ssume the J. A. Cardelli et al. ( 1989 ) extinction curve for E(B −
 ) gas and the attenuation curves from R. Fisher et al. ( 2025 ) for
(B − V ) stellar . The average ratio is slightly steeper but consistent
ithin the errors with our fiducial fit shown in Fig. 3 . In the right
anel, we show that assuming the D. Calzetti et al. ( 2000 ) atten-
ation curve for both E(B − V ) gas and E(B − V ) stellar results in a
lightly shallower slope, but it is still consistent within the errors
ith our fiducial fit. Thus, we conclude that our attenuation curve

ssumptions do not significantly affect our main results. 
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M

Figure A1. The colour excesses for the ionised gas, E(B − V ) gas , derived from the Balmer decrement, compared to the colour excesses for the stellar 
continuum, E(B − V ) stellar , assuming different attenuation (or extinction) curves. In the left panel, we obtain a slightly steeper gradient when assuming 
the J. A. Cardelli et al. ( 1989 ) extinction curve for E(B − V ) gas and the attenuation curves from R. Fisher et al. ( 2025 ) for E(B − V ) stellar . In the right 
panel, we obtain a slightly shallower gradient when assuming the D. Calzetti et al. ( 2000 ) attenuation curve for both E(B − V ) gas and E(B − V ) stellar . 
How ev er, both gradients are consistent, within the errors, with our fiducial fit shown in Fig. 3 . 
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