Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

JWST evidence for a sharp " "Cosmic Daybreak" at
z=15

Thomas Broadhurst

tom. j.broadhurst®@omail . com

University of the Basque Country https://orcid.org/0000-0002-8785-8979

Jiashuo (Josh) Zhang
Donostia International Physics Center, DIPC

Tzihong Chiueh
Hsi-Yu Schive
Department of Physics, National Taiwan University, Taipei 10617, Taiwan

Keiich Umetsu
Academia Sinica Institute of Astronomy and Astrophysics https://orcid.org/0000-0002-7196-4822

Jose Diego
Instituto de Fisica de Cantabria https://orcid.org/0000-0001-9065-3926

Paloma Morilla
Physics Dept. University of the Basque Country https://orcid.org/0009-0008-5791-1012

Alvaro Pozo
Donostia International Physics Center

Chian-Chou Chen
Academia Sinica Institute of Astronomy and Astrophysics (ASIAA) https://orcid.org/0000-0002-3805-
0789

Jeremy Lim
University of Hong Kong https://orcid.org/0000-0003-4220-2404

Pablo Pérez-Gonzalez
Centro de Astrobiologia (CAB), CSIC/INTA https://orcid.org/0000-0003-4528-5639

Rogier Windhorst
Arizona State University

Article
Keywords:

Posted Date: November 3rd, 2026


https://doi.org/10.21203/rs.3.rs-11184287/v1
https://doi.org/10.21203/rs.3.rs-11184287/v1
https://orcid.org/0000-0002-8785-8979
https://orcid.org/0000-0002-7196-4822
https://orcid.org/0000-0001-9065-3926
https://orcid.org/0009-0008-5791-1012
https://orcid.org/0000-0002-3805-0789
https://orcid.org/0000-0002-3805-0789
https://orcid.org/0000-0003-4220-2404
https://orcid.org/0000-0003-4528-5639

DOI: https://doi.org/10.21203/rs.3.rs-11184287/v1

License: € @ This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: There is NO Competing Interest.


https://doi.org/10.21203/rs.3.rs-11184287/v1
https://creativecommons.org/licenses/by/4.0/

© ® ~N o o »

10

12
13
14
15
16
17
18
19

20

2

=

2

N}

2

@

2

i

2

G

2

=3

2

N

28

2

©

30

31

3.

b

3.

@

3

b

3

o

3

=

3

2

3

&

3

©

JWST evidence for a sharp “Cosmic Daybreak” at z = 15
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Luminous young galaxies have been uncovered with relative ease by JWST, extending to z=14.5,
so it is puzzling that deeper spectroscopy of fainter candidates now finds only interlopers. This
redshift ‘impasse” is underscored by the measured stellar ages of these high-z galaxies, which we
show converge to zero by z=15, with a marked absence of earlier star-formation. Taken literally,
such a late transition from the Dark Ages to luminous galaxies is unlike the gradual Cosmic Dawn
of standard LCDM, but does confirm a key prediction of Wave Dark Matter, Y DM, as a Bose-
Einstein condensate. The de Broglie wave pressure resists gravity until a substantial Jeans mass of
4x10° Mg is overcome at z=15, corresponding to a light boson My = 2.2f81§ x 10722eV, and similar
to independent estimates from lensing anomalies and dwarf galaxies. Furthermore, the substantial
luminosities of the highest redshift galaxies appear to converge to the initial Jeans scale of DM,
whereas LCDM predictions extend to lower luminosities and larger ages than observed. These
contrasting predictions can be definitively tested as JWST observations accumulate, with diametric
implications for Dark Matter as heavy particles beyond the Standard Model or ultra-light bosons

motivated by the String Axiverse.

Many high redshift galaxies discovered by JWST at
z>10 now have measured ages, spanning 5 — 150 Myrs
in deep JWST spectroscopy, allowing galaxy formation
to be directly charted. High rates of ongoing star forma-
tion [1] are derived within compact galaxies, r < 300pc
[2] with steep, metal-poor UV stellar continua [3-5] and
large equivalent width ratios of [C III]/Hf [6-8] indicat-
ing young ages < 10Myr. Larger stellar ages of up to
~ 150 Myrs are measured for lower luminosity galaxies,
closer to z=10, including post-starburst examples [9, 10].
Here we compare all reported age estimates at z>10 in
Figure 1a, revealing the range of ages appears to narrow
steadily with increasing redshift, to minimum of < 10
Myrs by z=14, indicating that z=15 can be identified
empirically as the onset of galaxy formation. We can
also use these ages to estimate formation redshifts, z¢,
by subtracting the stellar age of each galaxy from its cos-
mological age given by the measured redshift. This pro-
duces a flat trend of zy up to an abrupt limit of zy=15.1,
above which there is a complete absence of earlier formed,
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younger galaxies, significant at > 3o level beyond z>17.2,
as shown in Figure 1b.

The success of JWST in advancing the redshift frontier
has relied mainly on F150W dropout selection, for which
the interloper rate has not been significant up to the cur-
rent maximum of z~14.5. However, attempts to push
further with F200W dropouts appear to have reached a
puzzling “impasse”, with only ~ 20 viable photo-z can-
didates identified in the current multi-survey analyses
[14-19], for which spectroscopy of the first seven F200W
dropouts [17, 20] finds only interlopers, with z<6.6.
These cases have bimodal, high and low redshift photo-
z solutions, so it can be predicted that spectroscopy of
further such F200W dropouts will yield only interlopers
with high probability. Hence, this absence above z=14.5
is stringent, at least for the high luminosities typical of
the galaxies discovered near the limit of z=14.44 [21].
Furthermore, the Ly-break at z=14.5 causes only a 30%
reduction in F200W flux, so if such luminous galaxies are
present at higher redshift they would be easier to recog-
nise by dropping out more strongly in F200W, reaching
a maximum depth at z=17.2. Hence, it is despite this
deepening that nothing has yet been confirmed beyond
z=14.5. For the next filter, F277W, corresponding to
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FIG. 1: Left Panel: All 22 galaxies with reported stellar ages, compared with their spectroscopic redshifts, indi-
cating by z=15 there is a convergence in age to a minimum of only a few Myrs. The mean observed age and er-
ror bars are also indicated. The observations match well the age distribution for DM, shaded in blue, for a boson
mass of maoy = 2, for which galaxies first form at z=15. The red dashed line shows the LCDM-based prediction for
the evolving halo mass function, which has older mean ages and extends to higher redshift than vyDM. This pre-
dicted trend is accurately followed by luminous galaxies highlighted by the latest COLIBRE hydro-simulations[11],
shown by the red dotted line, averaged over six individual luminous JWST galaxies (grey dotted lines). and for
which star formation extends to z ~ 20. Right Panel Individual formation redshifts calculated for all 22 galaxies
after subtracting each reported stellar age from the observed cosmological age given by the spectroscopic redshift
(shown on the histogram). A marked onset in formation is evident at z=15.1, above which no earlier star formation
is inferred empirically, representing a 3o absence of earlier forming galaxies above z=17.2.

e z=18.7-25.5, a complete absence of any dropout candi-
es dates is reported by Ref [17], whereas 3 faint candidates
6 have been proposed as high-z possibilities in the currently
o7 deepest F277W pointing of the NGDEEP field, reaching
¢ Mpor7w = 31, with photo-z“s of z=16-20 [15], for which
e follow-up spectroscopy is strongly motivated.

70 If the wider and deeper JWST surveys continue to find
n the redshift limit only creeps slowly towards z=15 this
7 would be firmly at odds with the long predicted scale-
7 free growth for LCDM, where galaxy formation smoothly
extends to lower masses and higher redshifts, well be-
yond z=15, as illustrated in Figures la (red dotted line)
and Figure 2a (red contours) and by the FIRE-2 and
recent COLIBRE hydro-simulations [11, 22]. By con-
s trast, a sudden and late transition to relatively massive
7 galaxy formation is a key prediction of Wave Dark Mat-
s ter, DM, recognized in cosmological simulations [23]
a1 prior to JWST, where the earliest galaxy appeared at
z=13, with substantial halo mass of ~ 10°° M. This on-
set redshift and initial galaxy mass depends only on the
boson mass as the only free parameter for ¥y DM, which
was set to a relatively light value of my, = 0.8 x 10722eV
s in these first simulations[23]. Here, for the first time we
a7 derive a scaling of the onset redshift with boson mass
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using the inherent Jeans condition for vy DM set by the
Uncertainty Principle, when self-gravity first overcomes
the effective wave pressure on the de Broglie scale, defin-
ing an halo Jeans scale k; = (167G ypp)"/4(%£)1/? with
pr being the azimuthal mean halo density, below which
galaxy formation is strongly suppressed [24-26]. For viri-
alized halos, py, follows from the virial over-density A, for
non-relativistic collapse [27], which is also appropriate for
1®DM. The Jeans condition says galaxies lighter than,

142
16

My
2.2 x 10=22eV

)73/2( )3/4

Mpin = 1.10 x 10° M (

cannot collapse to form a virialized halo. An estimate
for the redshift of galaxy formation z,,s.; then follows
when M,,,;, matches the scale above which heavier halos,
corresponding to heavy density peaks, are exponentially
suppressed (see Appendix A for details). We confirm in
Figure 3 that our analytical z,,se: estimate (blue dashed
curve) agrees with the simulation result of Ref [23] within
1o uncertainty, indicated by the red star in Figure 3. Us-
ing the simulation result as an calibration, giving the red
curve, we infer a DM mass of my, &~ 2.187531 x 10~ 22eV
from the redshift limit of zy =15.1. We comment that
above argument is independent of the specific form of
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FIG. 2: Left Panel Comparison of LCDM and DM halo mass distributions, showing the convergence to the lim-
iting Jeans mass at z~15 predicted for ¥y DM, with a mass of may = 2. Right Panel All reported UV Magni-

tudes vs spectroscopic redshifts (bold points) and also galaxies with photo-z s reported in the latest deep and wide
analyses[12, 13], together with two confident photo-z cases (§ < —3.0) marked as grey diamonds[14]. The observed
excess of luminous detections at z>13 resembles well the V-shaped prediction for "DM based on the halo mass dis-
tribution shown on the left. While photo-z sample extends to z ~ 16, purple dotted lines tracing back to when

spectroscopically confirmed high-z galaxies have formed do not extend beyond z ~ 15.1, as emphasized in Figure 1.

1 DM halo mass functions (HMFs), and derives only from
physical arguments. We can also estimate z,,ser by €x-
plicitly integrating the ¥DM HMFs above halo Jeans
limit, as seen by green curve using the same volume as
Ref [23], finding good agreement with their simulation
result. For the current survey volume of 0.2 sq. de-
grees FOV achieved by ASTRODEEP [28] and the latest
EPOCHS-DR2 [14], a lighter mass of mgy ~ 1.7 is in-
ferred from z;=15.1, and by doubling the survey area to
0.4 sq. degrees, the maximum predicted redshift for this
DM mass increases somewhat to zy=15.4. Regardless
the method, the inferred boson masses are in agreement
with the range spanned by independent estimates, plot-
ted as horizontal dotted lines in Figure 3 [29-32], and will
be better constrained as JWST observations accumulate.

We now examine the distribution of luminosities for
z>10, as an additional DM discriminant. The HMF for
DM is predicted to converge to the initial Jeans mass
at z=15 marking the onset of galaxy formation, result-
ing in a distinctive V-shaped distribution in Figure 2a.
This contrasts with the scale free decline with redshift for
LCDM, illustrating the slow Cosmic Dawn, also shown
in Figure 2a. We compare these contrasting predictions
with all reported data shown in Figure 2b, including reli-
able photo-z’s reported to data in major surveys[12, 13]
and the full spectroscopic data (Table 1). In making our
model comparison we assume a fixed halo-to-stellar mass
ratio (I') and a constant star formation history for all
galaxies, and use Bagpipes [34] stellar synthesis code to
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generate the UV absolute magnitude, My, as a func-
tion of age. For more details on the simulated sample,
see Appendix. The effect of varying I is indicated on the
right panel of Figure 2b, showing that an increase shifts
the prediction of ¥DM to higher mean luminosity, with
a good fit to the data plotted in Figure 2b achieved with
I" = 125, corresponding to a modest stellar mass of one
percent of the halo mass (and a cosmic baryon-star con-
version efficiency of ~ 5%). The characteristic V-shaped
distribution of ¥»DM describes well the data, which ap-
pears to narrow with increasing redshift, centred on an
absolute magnitude of Myy ~ —19 by z~15, well above
a flux limit of my;,, = 31, and quite different from the
generic prediction of LCDM for which galaxies should be
crowded down to the flux limit at any redshift, unlike the
data, as can be inferred from Figure 2a.

Selection effects modulate the redshift detection in Fig-
ure 2, from broadband selection to the differing depths
and filter choices of the major JWST surveys. These have
been accurately corrected for in recent measurements of
the integrated UV luminosity density[18, 33], shown in
Figure 4 as black data points, allowing for a quantitative
comparison with model predictions. For LCDM, the de-
tailed FIRE-2 hydro simulation designed as a benchmark
prediction just prior to JWST [22] is shown in Figure 4,
invoking bursty star-formation, matching the lower red-
shift range but overshoots the latest data at high-z. The
relatively steep observed redshift trend is readily matched
by our simple DM prediction in Figure 4, for the same
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FIG. 3: The locus of formation redshift z; as a function
of boson mass (blue dashed curve) obtained through
matching the scale of exponentially suppressed den-
sity peaks with minimum gravitational collapse scale.
The plotted scaling agrees well with the highest redshift
halo seen in the cosmological simulation of 1yDM at
z=13 [23], indicated by the red star, and implying mass
of maog =~ 2.2 for z;=15.1 after calibration (red curve).
The green solid curve shows the alternative HMF based
locus that also agrees with simulation and finds a bo-
son mass of mop ~ 1.7 for zy=15.1. The magenta curve
shows the modest increase in maximum redshift we pre-
dict for different 1yDM masses by doubling the surveyed
area. These Jeans and HMF based boson masses are
similar to independent estimates from lensing and dy-
namics shown by horizontal dashed lines [29-32].

mean I' and boson mass used in Figure 2b, assuming only
the evolving HMF for DM and a simple constant SFH
model for galaxies.

A further distinguishing test can be made with spec-
troscopy of the lower luminosity photo-z candidates at
z>13, seen in Figure 2b, which if found to have sub-
stantial stellar ages of 40Myrs, would support LCDM
[11], as shown in Figure la, whereas ages of <10Myrs
are required by ¥DM. This UV spectral slope of the
stellar population may also help, as all galaxies close to
z=15 need to be very young for ¥y DM as is indeed seen
for the highest redshift galaxies, very steep in the UV
[2, 5, 21, 35], including two very blue proposed photo-z
candidates 8 < —3.0 near z=14.5 [14]. But for LCDM,
UV slopes would be reddened by comparably older stellar
ages, or by substantial dust extinction that is predicted in
hydro-simulations [11], providing a further testable pre-
diction motivating deep JWST spectroscopy of lower lu-
minosity candidates at z>13.5.

It has been over a year since the z=14.44 record red-
shift was established, despite the high luminosities of the
highest redshift galaxies. This also appears to be the
case for the large lensing programs underway with JWST,

26 200
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FIG. 4: Integrated UV density from the recent multi-
survey analysis [18, 33] compared with DM (mas
2.0) predictions for a range of halo to stellar mass ra-
tio (I") colour coded. It can be seen that despite the
simplicity of our model the integrated UV density is
well reproduced with T' = 125 (black line), consistent
with the V-shaped Myy — z distribution of Figure

2b. The dashed orange line is the benchmark FIRE-2
hydro-LCDM modelling [22]), which is shallower than
the data, over predicting the observed decline at high-z.

1o where over 100 massive lensing clusters reach highly mag-
nified sources, but nothing has been found beyond z=15
despite the positive magnification biassed faint-end lu-
minosity function for LCDM (see Appendix). Hence, a
10a continued absence of higher redshift galaxies may soon
105 falsify LCDM and by the same token may bolster (yDM.
106 Galaxy formation is also delayed by Warm Dark Matter
17 (WDM), as free streaming smooths away substructure
108 but may be distinguished by lensing from the ubiquitous
1o granular substructure of yDM[30, 36]. Other distinguish-
200 ing measurements include filament induced elongation of
20 young galaxies [37, 38] and stellar dynamics heated by
202 internal de Broglie wave action[29, 39]. Currently for
20: DM the boson mass favoured here of ~ 2 x 10722eV
204 18 consistent with the lensing and dynamical estimates,
205 but substantial improvements in observational precision
26 Of these estimates are feasible thanks to JWST, providing
207 stringent tests of these leading DM contenders.
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Appendix A: YDM zpset — Moz scaling

The lowest mass galaxies formed in ¥DM at a given
redshift correspond to the minimum mass whose self-
gravity can over-come the effective wave pressure on the
de Broglie scale, within which the Uncertainty Principle
prevents confinement of material. A corresponding Jeans
scale can be defined, setting the lower halo mass limit,
such that [24]:

)1 /2

where pj is mean halo density. For virialized halos, p;, is
simply given by A,p,, with A, the virial over-density
constant obtainable from fitting to ACDM simulation
[27]:

My

kJ = (167TGN,0h)1/4( 3

1872 4+ 82(Qy, — 1) — 39(yy, — 1)
B Qm(2) ’

> 2

)

The above Jean scale k; corresponds to a minimum halo
mass scale of:

A,

Hy
H(z)

QU (2) = Qno(1 + z)3<

47 o\ ?
Mpin = ?)Avmn(k]) =
aja( Qmoh2\ Y
(1+z)3/4AU(z)1/4m223/2< 0 1’13 > 1.23 x 103 My,
where moy = mw/10_22, and we adopt Q0 =

0.315, Hy = 67.37 km/s/Mpc as measured by Planck
Collaboration et al. [40]. Note this Jeans cut-off is
lower than M, /o characterizing where ¥)DM linear mat-
ter power spectrum (and HMF) is halved compared to
that of LCDMJ[41], because M/, encodes earlier sup-
pression from radiation-dominated epoch, whereas M.,
prohibits the collapse of small over-densities in matter-
dominated epoch. In Figure 5, we plot M,,;, at different
redshifts for mos = 1,3,9, 27 as coloured dashed curves,
where it can be seen the lighter the boson mass, the heav-
ier the minimum halo mass.
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FIG. 5: Lower cut-off (i.e. Jeans limit) mass M,

for four choices of boson masses of my, = 1,3,9,27 x
10~22eV, dashed curves, compared with the exponen-
tial cut-off mass scale M, (solid black curve) estimated
for the Sheth-Tormen HMFs. Shaded region indicates
the numerical fitting uncertainty. An onset redshift can
be defined as where M,,;,, and M.,, meet, as shown in
Figure 3.

Very massive galaxies at high redshifts are also sup-
pressed, owing to exponentially suppressed abundance of
large over-densities. Hence, we can arrive at the corre-
sponding maximum, or onset, redshift of galaxy forma-
tion for each mos by equating M,,;, with the turnover
scale of the HMFs. For this purpose we adopt python
package hmfmake [42] to construct the Sheth-Tormen
HMFs as a function of redshift, and measure the cor-
responding exponential cut-off mass scales M., through
fitting Sheth-Tormen HMF's with a Press-Schechter form

_dn_— ANee” () In Figure 5, this fitted M,y at
different redshift is plotted as a black solid line, with the
numerical uncertainty in fitting shown as gray shaded re-
gion. This figure then provides pictorial representation
for zZonser as a function of ¥»DM mass, corresponding to
where intersection of curves occurs as shown. z,,set—m22
scaling thus obtained, along with uncertainty, is shown

in Figure 3 as the blue dashed line.

Appendix B: simulated sample

In Figure 2b, we compare all reported spec-z galax-
ies at z > 10 from multiple JWST field surveys and the
lensed examples, with our ¥»DM based predictions for
the distribution of luminosity with redshift. The cor-
responding simulated sample was obtained through nu-
merical sampling of HMFs, where we started from an
initial redshift of 30, and ’track’ the formation of galax-
ies in small redshift increments of 0.05, with the number
of sampled galaxies obtained through integrating Sheth-



253 Tormen HMF's with simulation-based ¥»DM low-mass end
suppression[41] included. As quantum pressure forbids
over-densities on a mass scale below M,,;, to collapse,
our HMF integration limits are from M, (2, m22) to
10'" Mg, for DM model. For LCDM model without
low-mass end suppression on HMF, for comparison done
in Figure 2a, we adopt integration limits from 108Mg
to 1017 M, instead. We assume a fiducial area of 0.2
square degree matching the large area achieved by AS-
TRODEEP catalog[28] and latest EPOCHS-DR2 [14].

At each redshift, halo masses are randomly drawn
from the underlying HMF and ages are randomly as-
signed from the cumulative age distribution, measured
from all previously injected galaxies with ages evolved to
the current working redshift. Figure 1 presents the stel-
lar age distribution thus obtained for ¢y DM, showing an
increased upper limits at lower redshift and convergence
to zero age near z,nset ~ 15, while the red dotted line
showing mean stellar age at different redshifts for LCDM
extends to higher redshifts. The stellar masses of sampled
galaxies are assigned with a fixed halo-to-stellar mass ra-
tio, I' = M, /M, ~ 125. Then the stellar masses, along
with respective assigned ages, are converted into My
assuming a constant SFH for galaxies. More specifically,
we used public-available python library bagpipes with
default BCO3 stellar grids[43] to obtain Age-Myy curve,
s00 fixing to M, = 10° M, and assuming observationally mo-
a0 tivated metallicity Z = 0.1Z; and ionization parameter
su logU = —2 for high spec-z galaxies [6, 7]. The final
312 luminosity-redshift distribution of simulated galaxies is
a3 presented by blue contours in Figure 2b.
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Appendix C: Anticipated Number of Highly
Magnified Galaxies/Arcs
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sis The fact that there has been no detection of strongly
a7 lensed high-z galaxies beyond redshift 15 is startling for
as LCDM given the large number (~ 150 through a rough
a0 estimate) of clusters surveyed, as we show below with a
a0 quick estimate on the number of highly magnified 15 <
a z < 16 galaxies anticipated. Magnification bias [44—46]
322 finds the density of lensed galaxies to be
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where ¢(m) is the underlying LF, my;,, is the magnitude
limit, and p, the lensing magnification factor whose ap-
pearance in the bottom reflects that the cosmic volume is
simultaneously reduced as the detection limit is lowered
(by 2.5log;, ). Above expression converts to an esti-
mate of the total number of lensed 15 < z < 16 galax-
ies through explicit integration over redshift, given the
knowledge of underlying LF and also covered areas by
differently magnified regions. For highly magnified re-
gions with p > 15, Ref [47] (Figure 3) demonstrates that
different lensing clusters share the same scaling law for
the covered areas above a given magnified factor, with an
median relation of A(> p) ~ 10[sq. arcmin]/u that we
shall adopt. We may further differentiate above scaling
to give S(p) ~ 10/u?, such that A(> p) = f:o S(p)dp =
0 — (—=10/u) = 10/, with which, we calculate the total
number of lensed arc (or strongly lensed galaxies with
1> po) above detection threshold my;, as:

av

N = Ncluster/dz/ d,uz nlen(zaummli’m)s(uz)i
o dQdz |,

where Nejyster 18 number of clusters currently imaged by
JWST =~ 150, and % is incremental cosmic volume
per square arcmin. Using FIRE-2 LFs and my;,, = 31,
we anticipate ~ 19 15 < z < 16 galaxies should have
been imaged already given the large sample of lensing

clusters that have been imaged today.

While above calculation is based on a specific (FIRE-
2) UV LFs model, we emphasize that the detection of
high-z galaxies are made easier with gravitational lens-
ing for LCDM in general, as the scale free structure for-
mation suggests an ever increasing abundance of fainter
galaxies, which compensates for the 1/u reduction in cos-
mic volume and leads to njen > Nuniensed, 1-€. positive
magnification bias. Those fainter z > 15 galaxies are
non-existent in ¥y DM, hence gravitational lensing would
only be magnifying total emptiness, as is hinted by the
current no detections of highly magnified galaxies.
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Galaxy Zspee | M Myv Age [Myr]| zform |logio(M.[Mgo])|References
MoM-z14 14.44 | - |—20.23 £0.06 4¢ 14.59 8.1 [21]
GS-z14-0 14.18 | - |—20.81+0.16 15 14.72 8.72 [48]
GS-z14-1 13.86 | - [—19.21+£0.15 10° 14.20 7.57 [35]

PAN-z14-1 13.53 | - —20.6 +£0.2 5 13.69 8.23 [5]
GS-z13-0 13.20 | - |—18.92+0.05 40 14.51 7.7 [49]
UNCOVER-13077 |13.079] 2.3 | —194+£1.8 45 14.54 7.92 [50]
JADES-GS-z13-1-LA |13.006| - |—18.66 £ 0.04 22 13.67 7.74 [51]
GS-z12-0 12.63 | - |—18.23 +£0.16 23 13.27 7.64 [52]
UNCOVER-38766 |12.393| 1.5 | —19.2+£0.5 58 14.10 8.63 [50]
CAPERS-EGS-65480 [12.344| - |—19.48 +0.26 - - - [6]
GHZ2/GLASS-z12 [12.338] 1.3 |—20.96 4+ 0.05 28 13.09 9.03 [53]
EGS-z11-RO 11.452| - |-19.16 £0.17 - - 9.64 [54, 55]
CEERS-1 11.416| - —-20.1+0.1 30 12.09 8.3 [20]
GS-z11-1 11.280| - | -19.4 £ 0.05 < 30 < 11.96 8.03 8]
JADES-GS-20015720 [11.267| - |—19.56 £0.17 - - - [6, 7]
GS-z11-0-A 11.122| - |—=19.30 £0.05 33 11.82 8.43 [56]
BulletArc-z11 11.100(14.0|—18.13 £ 0.28 143 15.10 8.2 9]
CEERS2-588 11.040| - | —20.4+0.10 82 12.95 9.05 [10]
CAPERS-UDS-z11 |11.013| - |—20.28 +0.08 <20 < 11.45 8.7 1]
MoM-z11-1 10.921| - |—19.98 £0.24 - - - [6]
JADES-GS-20177294 {10.893| - |—19.25+0.09 - - - [6, 7]
CAPERS-EGS-43539 [10.816| - |—18.824+0.36 - - - [6]
MoM-z11-2 10.803| - |—20.02£0.22 - - - [6]
EGS-22637 10.750| - |—20.36 £0.09 - - - [6, 57
GHZ4 10.660|1.64| —18.58 £ 0.11 - - - [58]
JADES-GS-20176151 |10.619| - |—19.50 £0.14 - - - [6, 7]
EGS-69 10.619| - |—-19.78 £0.21 - - - [6]
GN-z11 10.603| - |—21.50£0.02 13 10.84 8.73 3]
CAPERS-UDS-z10 |10.562| - |—20.53£0.09| <18 < 10.89 8.3 (1]
GHZT7 10.430| 1.2 | ~10.82 £ 0.05| - - - (58]
GS-20030902 10.425| - |—19.68 £0.09 - - - [6]
GS-72355 10.422| - |—19.85£0.07 - - - [6, 13]
GS-z10-0 10.380| - | —18.61£0.1 35 11.01 7.58 [52]
UDS-52799 10.302| - |—20.26 £0.08 - - - [6, 13]
CAPERS-C0OS-109917|10.272| - |—19.57 £0.11 - - - [6, 7]
UNCOVER-37126 |10.255|2.19|—20.10 £ 0.05 6.8 10.13 .7 [59]
GHZS8 10.231| 1.2 |—20.32 £ 0.07 - - - [58]
JD 10.170| - —20.3+0.2 20 10.50 8.1 [60]
GHZ9 10.145| 1.4 |—19.27 £ 0.04 - - 8.69 [58, 61]
MoM-z10-1 10116 - |-20.05+£0.12| - - - [6]
CEERS-64 10.100| - |—19.99 £0.09 - - - [6, 20]
GLASS-z11-17225 |10.090|1.55|—18.68 +0.13 - - - [58]
UNCOVER-26185 |10.054| 3.9 |—18.83 £ 0.07 65 11.22 8.23 [62]
CEERS-80041 10.010| - | —20.1+0.10 - - 9.1 [63]
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TABLE I: All reported galaxies at z > 10 from JWST surveys to date, including reported stellar age estimates and

magnification, pu, for lensed sources. The formation redshift is inferred from the spectroscopic redshift minus the

stellar age.

@ this is the age by which MoM-z14 have formed 50% of its stellar mass.
b. this is the age by which GS-z14-1 have formed 67% of its stellar mass.



