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A B S T R A C T 

The earliest JWST observations hav e rev ealed an une xpected ab undance of super -early ( z > 10), massive ( M ∗ ≈ 10 

9 M � ) 
galaxies at the bright-end ( M UV 

≈ −21) of the ultraviolet luminosity function (UV LF). We present a minimal physical model 
that explains the observed galaxy abundance at z = 10–14. The model primarily combines (i) the halo mass function, with (ii) 
an obscured star formation fraction prescription that is consistent with findings of the ALMA REBELS dusty galaxy surv e y. 
It has been successfully tested on well-known UV LFs up to z = 7. We argue that the weak evolution from z = 7 to z ≈ 14 

of the LF bright-end can arise from a conspiracy between a decreasing dust attenuation, making galaxies brighter, that almost 
exactly compensates for the increasing shortage of their host halos. Our minimal model naturally reproduces the z = 10–14 LF 

if galaxies at z > ∼ 11 contain a negligible amounts of dust. We speculate that dust could have been efficiently ejected during the 
very first phases of galaxy build-up. 

K ey words: galaxies: e volution – galaxies: formation – galaxies: high-redshift. 
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 I N T RO D U C T I O N  

ierarchical models of galaxy formation based on the standard
 CDM cosmological model have been very successful in predicting

he properties and evolution of galaxies across a wide range of
edshifts (for a recent re vie w, see Dayal & Ferrara 2018 ). 

A number of theoretical approaches, ranging from numerical
imulations (e.g. Vogelsberger et al. 2014 ; Schaye et al. 2015 ;
opkins et al. 2018 ; Pillepich et al. 2018 ; Rosdahl et al. 2018 ; Dav ́e

t al. 2019 ; Trebitsch et al. 2021 ; Pallottini et al. 2022 ) to semi-
nalytic models (e.g. Dayal et al. 2014 , 2022 ; Somerville & Dav ́e
015 ; Lacey et al. 2016 ; Mutch et al. 2016 ; Behroozi et al. 2020 )
ave now been developed to study the formation and evolution of
alaxies through cosmic time. 

These have been invaluable in shedding light on issues ranging
rom the (feedback-driven) assembly, composition (stellar, dust,
nd black hole masses), and kinematics of early galaxies to their
nterplay with large-scale processes including reionization. Ho we ver,
bservational data is crucial in both base-lining and testing the
alidity of such models. 

Observationally, most of our statistical knowledge of galaxy
opulations in the Epoch of Reionization (redshift z > 6) has, so
ar, been acquired by analysing the UV Luminosity Function (LF)
ollected by the Hubble space Telescope ( HST ), Spitzer , and ground-
ased telescopes. These have been now reliably determined up to
 � 9 (Bouwens et al. 2021 ), and have allowed the deri v ation of
ey quantities such as the evolution of the cosmic stellar mass
 E-mail: andrea.ferrara@sns.it 
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ensity and star formation rate density (SFRD), among others.
hese data are constantly augmented and complemented by targeted
tacama Large Millimetre Array (ALMA) far-infrared observations.
he recently completed ALMA REBELS program (Bouwens et al.
021 ; Inami et al. 2022 ) has firmly established that galaxies at
 ≈ 7 are already dust- and metal-enriched to unexpected levels
Ferrara et al. 2022 ). This disco v ery has raised thorny questions on
he amount of star formation that is missed due to dust obscuration
Fudamoto et al. 2021 ). Such effect dramatically impacts on LF
nd SFRD determinations, particularly at the highest masses, where
e do expect dust extinction to be more severe (Dayal et al. 2022 ;
ommovigo et al. 2022 ). 
The James Webb Space Telescope ( JWST ), is already starting

o revolutionize the field. However, as it is often the case, new
bservations pave the way for even more puzzling questions. Among
he earliest results (Castellano et al. 2022 ; Donnan et al. 2023 ;
inkelstein et al. 2022 ; Naidu et al. 2022 ; Roberts-Borsani et al.
022 ; Santini et al. 2023 ; Adams et al. 2023 ; Atek et al. 2023 ),
btained via the public JWST Early Release Science programs,
EERS Finkelstein & Bagley ( 2022b ), and GLASS (Treu et al.
022 ), is the detection of two very bright ( M UV � −21) galaxies
t super-early epochs (Naidu et al. 2022 ): GLASS-z13 (GL-z13,
hotometric z = 13 . 1 + 0 . 8 

−0 . 7 ) and GLASS-z11 (GL-z11, z = 10 . 9 + 0 . 5 
−0 . 4 );

heir stellar mass is M � � 10 9 M �. We stress that flux calibration and
ther steps of the data processing might result is some revision of the
bo v e results. 

At face value this detection poses a serious challenge to essentially
ll models, and perhaps to the � CDM one itself. In fact, from the
bserved UV LF the estimated joint abundance of these two sources,
og φ [Mpc −3 mag −1 ] = −5 . 05 + 0 . 47 

−0 . 45 , is > 10 × larger than predicted
© 2023 The Author(s) 
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y models. This finding confirms (and strongly exacerbates) the ten- 
ion between observations of the bright-end of the LF and theoretical 
redictions, which was already hinted at z = 7–9 by Bowler et al.
 2020 ) and Harikane et al. ( 2022 ). This conclusion is reached both
y studies based on numerical simulations (Vogelsberger et al. 2020 ; 
annan et al. 2022 ), and analytical approaches (Dayal et al. 2014 ;
owley et al. 2018 ; Yung et al. 2019 ). 
A large, unexpected abundance of bright galaxies at the earliest 

edshifts probed by JWST is a common finding among the abo v e
entioned independent studies. In spite of the many uncertainties 

till present in the data analysis, it is therefore urgent to theoretically
larify such issues. 

In this Letter our goal is to provide an interpretation to the
nexpected abundance of super-early massive galaxies revealed by 
WST , by using a simple LF evolution model. 

Several possibilities can be envisaged and tested, the most extreme 
f which is that the density of dark matter halos could be higher than
redicted by � CDM. More likely, though, astrophysical factors play 
he key role. 

Among these are a very large conv ersion efficienc y of the gas into
tars at high- z, a top-heavy IMF or UV luminosity per stellar mass
ormed, up to the possibility of a magnification bias. Here we stick
o the simplest (and perhaps most plausible) explanation: an (almost) 
anishing dust obscuration beyond z > ∼ 11. 

 BU ILDIN G  T H E  LUMINOSITY  F U N C T I O N  

e aim at building a stripped-down, minimal physical model of 
he redshift evolution of the UV LF, φ( M UV ). We start from the dark

atter Halo Mass Function (HMF), d n ( M , z)/dln M , i.e. the comoving
umber density of halos of mass M at redshift z. We obtain the HMF
y using the classical Sheth & Tormen ( 2002 ) formalism, which
ses an ellipsoidal model for perturbation collapse. 1 According to 
he HMF, at z = 11.5 (the mean redshift of the two sources) galaxies
ith a number density of log n = −5 . 05 Mpc −3 are hosted by halos
f mass M = 10 11.33 M �. These objects are quite rare at those epochs,
epresenting 4.8 σ fluctuations of the density field. 

As a second step, we compute the galaxy (unattenuated) UV 

uminosity at 1500 Å, L 1500 , as a function of M . This is proportional
o the star formation rate (SFR) via a conversion factor. 2 K 1500 ≡
 1500 / SFR = 0 . 587 × 10 10 . 
The simplest way to predict the SFR is given by the classical

chmidt-type expression, 

FR = ε∗

(
�b 

�m 

)
M 

t ff 
, (1) 

here ε∗ is the (in general, mass-dependent) star formation effi- 
iency, and t ff = (4 πG ρ) −1/2 is the gas free-fall time in halos. More
ophisticated modelling might include, e.g. scatter around the abo v e 
elation. The mean gas density within virialized structures is ρ = 

8 π2 〈 ρ〉 , where the mean cosmic density at redshift z is 〈 ρ〉 = �b (1
 z) 3 ρcr , and the present-day critical density is ρcr = 3 H 

2 
0 / 8 πG . 
 Throughout the paper, we assume a flat Universe with the following 
osmological parameters: �M 

= 0.3075, �� 

= 1 − �M 

, and �b = 0.0486, 
 = 0.6774, σ 8 = 0.826, where �M 

, �� 

, and �b are the total matter, vacuum, 
nd baryon densities, in units of the critical density; h is the Hubble constant in 
nits of 100 km s −1 , and σ 8 is the late-time fluctuation amplitude parameter 
Planck Collaboration 2014 ). 
 K 1500 has units of L �/(M � yr −1 ); its value has been chosen so to match 
he one used by the ALMA REBELS surv e y (Bouwens et al. 2022 ), whose 
esults will be used in the following. 
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The free-fall time can be written as t ff = ζH ( z) −1 , where H ( z) −1 

s the Hubble time at z, and ζ = 0.06. We can then rewrite equation
 1 ) as 

FR = 

(
ε∗
ζ

) (
�b 

�m 

)
H 0 E( z) M (2) 

here E( z) ≈ �1 / 2 
m 

(1 + z) 3 / 2 being a very good approximation at the
igh- z of interest here; numerically, 

FR = 22 . 7 
( ε∗

0 . 01 

) (
1 + z 

8 

)3 / 2 

M 12 M � yr −1 , (3) 

ith M = 10 12 M 12 M �. Equation ( 3 ) predicts that the SFR of GL-
11/GL-z13 should be 8.84 M � yr −1 , in excellent agreement with
heir observed values (12 + 9 

−4 , 7 
+ 4 
−3 ) M �yr −1 . 

Although not strictly necessary, as here we are concerned with the
volution of LF bright end, we include an additional ingredient, 
upernova (SN) feedback, to obtain the best possible agreement 
ith the observed M UV range. Feedback suppresses star formation 

n small galaxies by reducing ε∗ in these systems. We adopt the
hysically moti v ated form, successfully tested on a wide redshift
ange, proposed by Dayal et al. ( 2014 ): 

∗ = ε0 
v 2 c 

v 2 c + f w v 2 s 

(4) 

here v c ( M ) is the halo circular velocity, f w = 0.1 is the SN energy
oupling efficiency with the gas, and v s = 

√ 

νE 0 = 975 km s −1 is a
haracteristic velocity associated with the SN energy released per unit 
tellar mass formed: E 0 = 10 51 erg, ν−1 = 52 . 89 M �, appropriate
or a 1 − 100 M � Salpeter IMF . W e fix ε0 = 0.02, consistent with
easurements in local galaxies (Krumholz 2017 ). As a caveat, note

hat we do not include scatter (which could enhance the bright-end
f the UV LF; Mason, Trenti & Treu 2023 ) in the star formation
fficiency and/or the halo formation time-scale. 

The luminosity associated with the SFR in equation ( 3 ) can be
onverted in a UV AB magnitude at 1500 Å, 

 UV = −2 . 5 log L 1500 + 5 . 89 + 1 . 087 τeff . (5) 

he last term accounts for extinction, quantified by the effective 
ptical depth at 1500 Å, τ eff. 

3 Using the chain rule to transform
 n /d M into d n /d M UV , we can conveniently compare the predicted
( M UV ) with data. 
The only quantity that is still missing at this stage is the functional

orm of τ eff , describing dust attenuation effects. In the next section we
escribe this final step. 

 DUST  A  TTENUA  T I O N  

e start by comparing our predictions to the z = 7 UV LF. We
hoose this specific redshift as a benchmark because: (i) it provides a
ood compromise between the need to consider early cosmic epochs, 
nd having a robust LF determination; (ii) it allows us to exploit the
LMA REBELS to pivot and calibrate the dust attenuation. The 

esults are shown in Fig. 1 , where we also show the best fits to the
bserved LF at z = 7 obtained by two independent studies: Bouwens
MNRAS 522, 3986–3991 (2023) 

 We emphasize the distinction between the optical depth physical value, τλ, 
nd the ef fecti ve one τ eff (equation 6 ; see e.g. Ferrara et al. 2022 ) which 
ncludes radiative transfer effects. For reference, the 1500 Å to V-band dust 
ptical depth conversion is τ 1500 = (2.655, 5.319) τV for (Milky Way, SMC) 
 xtinction curv es, respectiv ely. 
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M

Figure 1. Comparison between the predicted z = 7 UV LF (blue curve) with 
data (red squares) and their best fit (red dashed curve) based on a Schechter 
function (Bouwens et al. 2021 ). The best fit using a double power-law (Bowler 
et al. 2020 ) is shown by the yellow dashed curve. Dots and numbers on the 
blue curve indicate the corresponding SFR (in M � yr −1 ) of galaxies at a given 
M UV –φ location. The dashed portion of the blue curve, although unphysical 
in terms of the LF, is left to elucidate the abundance of obscured galaxies (see 
text). We also show the position of the brightest ( M UV = −21.7; Bouwens 
et al. 2022 ), heavily obscured REBELS-25 galaxy (Inami et al. 2022 , Barrufet 
et al. 2023 ). Also shown (black stars) are two UV undetected galaxies at z ≈
7, REBELS-12-2 (left) and REBELS-29-2 (right; Fudamoto et al. 2021 ). 
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Figure 2. Predicted dependence of the obscured star formation fraction, 
f obs = 1 − e −τeff (red curve) yielding the best fit to the z = 7 LF, compared 
to the z = 7 REBELS data (pink stars; Bouwens et al. 2022 ). Also shown for 
reference is the fit for z = 2.5 galaxies by Whitaker et al. ( 2017 ). 
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t al. ( 2021 ), who use a Schechter function, and Bowler et al. ( 2020 )
dopting instead a double power-law. 

As our model does not make predictions on dust attenuation we
everage on the recent results from the ALMA REBELS surv e y
hich showed that τ eff increases with the galaxy SFR (Ferrara et al.
022 , fig. 4). Hence we adopt a two-step procedure: (i) we find the
unctional form τ eff (SFR) that best fits the LF at z = 7; (ii) we check
hat the derived relation is consistent with the obscured SFR fraction, 

 obs = 

SFR IR 

SFR UV + SFR IR 
= 1 − e −τeff , (6) 

nferred from the REBELS data (Dayal et al. 2022 ; Ferrara et al. 2022 ;
nami et al. 2022 ). Such procedure yields the following relation, 

eff = 0 . 7 + 0 . 0164 

(
SFR 

10 M �yr −1 

)1 . 45 

, (7) 

hich is strictly valid for SFR 

> ∼ 1 M �. In Fig. 2 we compare
quation ( 6 ) with data points. Although errors are still large, the
urve is consistent with the REBELS f obs , and properly catches the
ncreasing trend of f obs with SFR. We consider this as a successfully
assed sanity check. 

 M O D E L  IMPLICATIONS  

rmed with the LF at z = 7, we compare it with the fits by Bouwens
t al. ( 2022 ) and Bowler et al. ( 2020 ). We also plot for reference
he curve ‘No dust’ in which dust attenuation effects are neglected
 τ eff = 0). Our model is in perfect agreement with both fits for
NRAS 522, 3986–3991 (2023) 
 UV 
> ∼ − 22, as seen in Fig. 1 , but it differs for galaxies brighter

han this magnitude. 
We note that the model UV magnitude reaches a minimum at
 UV = −22.3, corresponding to a SFR � 130 M �yr −1 (SFR is
arked by points along the blue model curve in Fig. 1 ). This is

ecause galaxies with an intrinsically higher SFR are more attenuated
see equation 7 ), their magnitude decreases, and hence contribute to
 fainter bin of M UV . Obviously, the number density of these highly
bscured galaxies should be added to the upper branch of the bi-
alued curve, but their number density is negligible so the actual LF
upper branch) is basically unaffected by their presence. Hence, the
rst model prediction is that galaxies brighter than −22.3 at z = 7
hould then be, at least partly, powered by an active galactic nucleus
AGN), which seems consistent with GOLDRRUSH results (Ono
t al. 2018 ), indicating an AGN contribution > ∼ 90 per cent at M UV 

 −23 already at z = 6–7 (see also Piana, Dayal & Choudhury
022 ). Such claim is also in line with findings by Finkelstein &
agley ( 2022a , fig. 6). 
The second prediction concerns the abundance of highly obscured

alaxies. To illustrate this point, in Fig. 1 we show the location
f REBELS-25 ( M UV = −21.7), the brightest and most heavily ob-
cured REBELS galaxy (Inami et al. 2022 , Barrufet et al., submitted).
t that magnitude, REBELS-25 can be placed either on the upper

SFR = 43 M �yr −1 ) or lower (267 M �yr −1 ) part of the LF. The
pper solution must be discarded as the total SFR, primarily driven
y its large IR Luminosity, log ( L IR / L �) = 12 . 45 + 0 . 43 

−0 . 45 (Sommovigo
t al. 2022 ), has been estimated to be 200 + 101 

−64 M �yr −1 . According
o this picture, REBELS-25 is attenuated by about ≈3 magnitudes
the difference between the ‘No dust’ curve, and the predicted LF at
umber density log φ( M UV = −21.7) = −7.7 in Fig. 1 ]. Such number
ensity is consistent with the value log φ = −7 . 23 + 0 . 9 

−1 . 0 deduced from
he IR LF by Barrufet et al. ( 2023 ). We conclude that LIRGs
ike REBELS-25 are rare objects with a number density log φ =

7.7, which corresponds to 1/630 of all unobscured galaxies at the

art/stad1095_f1.eps
art/stad1095_f2.eps
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Figure 3. Comparison between the predicted z = 11.5 luminosity function 
and extrapolations of a lower redshift best fit based on a Schechter function 
(Bouwens et al. 2021 , red dashed), or a double power-law (Bowler et al. 2020 , 
yellow dashed; Finkelstein & Bagley 2022b , green dashed). The blue point 
indicates the Naidu et al. ( 2022 ) combined GL-z11/GL-z13 galaxies, while 
the brown point is the galaxy GN-z11 (Oesch et al. 2016 ) at z = 11.1. Also 
shown (grey line) is the predicted LF assuming the z = 7 expression for τ eff 

(equation 7 ). 

s  

u
o

5

W  

1  

e  

t
a
t
T  

t  

b
 

c
T
z
z  

a  

i  

e  

a
 

1  

b  

t  

c
N
w

fi  

m  

−
 

e
i  

o
A
s  

v  

p  

b  

c

h  

M  

1  

z  

b  

v  

e  

b  

z  

−  

1  

fi  

z  

e  

n  

e  

a  

o

f  

t
(  

h  

s
w
m
g  

l

6

F  

(  

r  

w  

i
r
a

 

c  

z  

i
a
D

4 This candidate is the same as GLz13 in Naidu et al. ( 2022 ). 
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ame UV mag. By e v aluating the SFR contribution of obscured vs
nobscured systems, we conclude that galaxies like REBELS-25 
nly contribute < ∼ 1 per cent of the cosmic SFRD. 

 SU P ER-EA R LY  MASSIVE  G A L A X I E S  

e are now ready to interpret the recent LF measurements at z =
1.5. We show that the apparent lack of evolution in the bright-
nd of the UV LF is driven by a decreasing attenuation (i.e. a larger
ransmission of UV photons) compensating for a decreasing host halo 
bundance towards higher redshifts. We then make the hypothesis 
hat the observed galaxies at z = 11.5 are virtually obscuration-free. 
his case has been studied also by Cowley et al. ( 2018 ), who showed

hat the absence of dust in early ( z = 10, see their fig. 4) galaxies can
oost the bright-end of the LF. 
The predicted LF, assuming τ eff = 0, is shown in Fig. 3 , and it

orrectly matches the estimated number density of GLz11/GLz13. 
he solution also successfully reproduces the data point for GN- 
11 (Oesch et al. 2016 ), a spectroscopically confirmed galaxy at 
 = 11. Interestingly, though, our solution is about a factor 10
bo v e the e xtrapolated Bouwens et al. ( 2021 ) Schechter fit; it is
nstead consistent with the Bowler et al. ( 2020 ) double-power law
xtrapolation. Ho we ver, we note that the shape of our LF is neither
 Schechter nor a double power-law function. 

As a further test of our predictions, we compute the LF at z =
3.75, so to be able to compare it with another set of JWST detections
y Donnan et al. ( 2023 ). In their fig. 2, they show a single point of
he LF in the highest redshift bin 12.5 < z < 15 (mean z = 13.75)
ontaining five sources identified from the JWST ERO and ERS 

IRCam imaging (SMACS0723, GLASS, CEERS) in combination 
ith deep ground-based near-infrared imaging in the COSMOS 
eld. The measurement at M UV = −19.1 is log φ = −4 . 77 + 0 . 24 
−0 . 53 . Our

odel, assuming τ eff = 0 as at z = 11.5, consistently predicts log φ =
4.1, i.e. within ≈1 σ from the observed value. 
These findings lead us to conclude that recently disco v ered super-

arly massive galaxies are virtually unaffected by dust attenuation, 
.e. τ eff � 0. This might be due to a special relative distribution
f stars and dust, allowing substantial 1500 Å radiation leakage. 
lternatively, these systems might have a particularly low dust-to- 

tellar mass ratio. A possibility to be explored is that dust during these
ery early evolutionary stages is promptly e v acuated by radiation
ressure as soon as it is produced by stars (Ziparo et al. 2023 ). In
oth cases, though, we expect these systems to be poor far-infrared
ontinuum emitters. 

Tantalisingly, extremely low attenuation is reported for the 
ighest redshift candidates disco v ered by JWST . For example,
aisie’s galaxy ( z ≈ 12 , M UV = −20 . 3 , SFR = 2 . 1 M �yr −1 , M ∗ =

0 8 . 5 M � has A V = 0.07; Finkelstein & Bagley 2022b ). The highest-
 candidate (GHZ2, 4 z = 12.35, M UV = −21.9) of the two found
y the GLASS program (the other being GHZ1, z = 10.6) shows a
ery blue slope ( β = −3.00 ± 0.12, Castellano et al. 2022 ; Santini
t al. 2023 ). Similarly, the two highest redshift candidates found
y Atek et al. ( 2023 ), SMACS-z12a ( z = 12.03) and SMACS-
12b ( z = 12.35) have extremely steep UV spectral slopes, β =
2.60, −2.71, respectively . Finally , the galaxy 10 234 at z =

1.49 found by Adams et al. ( 2023 ) in the ER O SMA CS 0723
eld, is the bluest (with a striking β ≈ −3.35) among the four
 > 9 candidates. All these galaxies are very massive for their
poch (stellar masses M ∗ = 10 8–9 M �). Hence, one would have
aiv ely e xpected a significant dust attenuation. Although the abo v e
xamples do not constitute a proof of an o v erall highly decreased
ttenuation at z > ∼ 11, such a coincidence is nevertheless hard to be
 v erlooked. 
Beside dust, alternative explanations might – in principle – account 

or the observed abundance of super-early, bright galaxies. The first is
he magnification bias due to (weak and strong) gravitational lensing 
Wyithe et al. 2011 ; Mason et al. 2015 ). Ho we ver, these studies
ave shown that this effect is significant only for M UV < −22. A
econd possibility is an IMF that becomes increasingly top-heavy 
ith increasing redshift. This has been advocated to simultaneously 
atch both the number counts and redshift distribution of sub-mm 

alaxies (Lacey et al. 2016 ). Whether these are viable solutions is
eft to further work. 

 LUMI NOSI TY  F U N C T I O N  E VO L U T I O N  

rom the abo v e results we build the redshift evolution of the LF
Fig. 4 ). The number density φ( M UV ) at fixed M UV decreases with
edshift. Ho we ver, the decrease becomes much steeper at z > ∼ 11,
here we have assumed no dust attenuation. The effect of a decreas-

ng dust attenuation/content, as already stated, is to compensate the 
apid density drop, otherwise imposed by the underlying HMF, via 
 galaxy luminosity enhancement. 

To illustrate this point, in Fig. 4 we also show the (artificial)
ase τ eff = 0 for z = 7. If dust effects can be ne glected be yond
 ≈ 11, then we do expect an accelerated drop of φ( M UV ) that
s particularly evident at bright magnitudes. Encouragingly, such 
ccelerated evolution is consistent with the number density by 
onnan et al. ( 2023 ) at z = 13.75 (see Section 4 ). 
MNRAS 522, 3986–3991 (2023) 
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Figure 4. Predicted luminosity function evolution for three rele v ant redshifts 
( z = 7, 11.5, 13.75) discussed in this work. Each curve refers to a different 
M UV as shown by the labels. The grey point on the M UV = −22 line assumes 
τ eff = 0; in this case the evolution of φ( M UV ) would be much steeper than 
observed. The model assumes that beyond z ≈ 11 (grey vertical band) dust 
attenuation is negligible. Hence, all the points shown in that area do not 
include dust attenuation. 
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 SUMMARY  

 minimal galaxy evolution model including HMF, supernova
eedback, and dust attenuation calibrated on the ALMA REBELS
esults correctly predicts the LF at z = 7. The main predictions are: 

(i) The ef fecti ve optical depth τ eff ∝ SFR 

1.45 . This implies that
alaxies brighter than M UV = −22.3 at z = 7 should have a significant
ontribution from AGN. 

(ii) LIRG-like galaxies as REBELS-25, log ( L IR /L �) = 12.45,
ontribute < ∼ 1 per cent of the cosmic SFR density at z ≈ 7. 

(iii) The model correctly predicts the abundance of super-early,
right JWST candidates both at z = 11.5 (Naidu et al. 2022 ) and 13.75
Donnan et al. 2023 ), by assuming a negligible dust attenuation at
hose redshifts . 

(iv) The no-attenuation hypothesis is supported by the very blue
V slopes β < ∼ − 2 . 5 of the highest redshift candidates identified
y different JWST studies. 
(v) We speculate that dust could have been efficiently ejected

uring the earliest phases of galaxy build-up now accessible thanks
o JWST . 

(vi) The weak evolution from z = 7 to z ≈ 14 of the LF bright end
rises from the conspiracy between a decreasing dust attenuation,
aking galaxies brighter, that almost exactly compensates for the

ncreasing shortage of their host halos. 
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