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ABSTRACT

Early data releases of JWST have revealed several high redshift massive galaxy candidates by photometry, and some of them
have been confirmed spectroscopically. We study their implications on the primordial power spectrum. In the first part, we use
the CEERS photometric survey data, along with respective spectroscopic updates, to compute the cumulative comoving stellar
mass density. We find that a very high star formation efficiency (unlikely in various theoretical scenarios) is required to explain
these observations within Lambda cold dark matter (ACDM) cosmology. We show that the tension can be eased if the primordial
power spectrum has a blue tilt. In the second part, we study spectroscopically confirmed galaxies reported in the JADES survey
to investigate their implications on a red-tilted primordial power spectrum. We estimate the star formation efficiency from an
earlier observation at similar redshift by Spitzer, and find that the star formation efficiency is an order of magnitude smaller
than required to explain the CEERS photometric observations mentioned earlier. Using the estimated star formation efficiency,
we find the strongest constraints on the red tilt of the power spectrum over some scales. Our study shows that JWST will be an

excellent probe of the power spectrum and can lead to novel discoveries.
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1 INTRODUCTION

Successful operation of the JWST has made it possible to directly
observe a large number of galaxies formed very early in the Universe
using Early Release Observations program (Adams et al. 2023b;
Atek et al. 2023; Morishita & Stiavelli 2023; Rodighiero et al. 2023;
Yan et al. 2023), Early Release Science (ERS), and GLASS-ERS
programs (Castellano et al. 2022a, b;Harikane et al. 2023; Kannan
et al. 2023), and Cosmic Evolution Early Release Science (CEERS)
survey (Finkelstein et al. 2022; Naidu et al. 2022b; Labbé et al.
2023).These observations are useful to understand the cosmological
structure formation at high redshifts (z = 7) or to discover new
physics.

Recent observations have yielded some intriguing results which
may point to new physics or a need for a better understanding of
galaxy formation. Labbé et al. (2023) have reported several galaxy
candidates in z € [7, 10], with stellar masses ~ (’)(IOIOMQ). These
galaxies may be in tension with the Lambda cold dark matter
(ACDM) cosmology (Haslbauer et al. 2022; Lovell et al. 2022;
Boylan-Kolchin 2023). Haslbauer et al. (2022) show that the predic-
tions of a few simulations (Schaye et al. 2015; Pillepich et al. 2018;
Nelson et al. 2019) do not match with these observations. However,
these results have a few caveats: these redshifts are photometric,
and only a few have been confirmed spectroscopically. References
Naidu et al. (2022a); Adams et al. (2023a); Akins et al. (2023);
Bouwens et al. (2023); Endsley et al. (2023); Ferrara, Pallottini &
Dayal (2023); Kaasinen et al. (2023); Zavala et al. (2023) discuss
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the possible uncertainties in photometric redshift measurements for
these galaxy candidates at such extreme distances. There have also
been attempts to explain this tension by considering beyond ACDM
cosmologies. For example, an early dark energy component in the
Universe can lead to an early structure formation; therefore, it
may ease this tension (Klypin et al. 2021; Boylan-Kolchin 2023).
Other works suggest that the presence of primordial black holes
or axion miniclusters (Liu & Bromm 2022; Dolgov 2023; Hiitsi
et al. 2023; Yuan et al. 2023), fuzzy dark matter (Gong et al.
2023), primordial non-Gaussianity (Biagetti, Franciolini & Riotto
2023), cosmic strings (Jiao, Brandenberger & Refregier 2023), and
other new physics scenario (Lovyagin et al. 2022) as a possible
solution to this tension. Additionally, Wang & Liu (2022) study the
modified gravity model, dynamical dark energy, and dark matter-
baryon interaction, and show that these models fail to resolve this
discrepancy within the allowed model parameters, from Planck
cosmic microwave background (CMB) observations. Additionally, a
better understanding of galaxy formation physics(Chen, Mo & Wang
2023; Dekel et al. 2023; Prada et al. 2023; Yung et al. 2023) or busty
star formation (Pallottini & Ferrara 2023; Sun et al. 2023a, b) can
also explain the data. Spectroscopic confirmation of these galaxies
can validate the discrepancy between ACDM cosmology and JWST
observations. A few works have also studied the implications of
JWST observed galaxies on various dark matter models (Dayal &
Giri 2023; Maio & Viel 2023).

Besides photometric surveys, several works have reported a few
spectroscopically confirmed galaxies using observations from JWST
Advanced Deep Extragalactic Survey (JADES) (Curtis-Lake et al.
2022; Bunker et al. 2023; Robertson et al. 2023), CEERS survey
(Arrabal Haro et al. 2023a, b;Fujimoto et al. 2023; Kocevski et al.
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2023; Larson et al. 2023; Sanders et al. 2023; Tang et al. 2023),
and other early data releases (Jung et al. 2022; Isobe et al. 2023;
Nakajima et al. 2023). JADES spectroscopic survey has reported five
galaxies with stellar masses >108 Mg, at z > 10 (Curtis-Lake et al.
2022; Bunker et al. 2023; Robertson et al. 2023). These galaxies
are: JADES-GS-210-0 at z = 10.38%007, JADES-GS-z11-0 at z =
11.58 + 0.05, JADES-GS-z12-0 at z = 12.631( ¢, JADES-GS-z13-
0 at z = 13.207007, and JADES-GN-z11 at z = 10.6034 + 0.0013.
Keller et al. (2023) and McCaffrey et al. (2023) compared these
galaxies to ACDM simulations, and found that they are consistent.

JWST observations of high redshift galaxies can have important
implications for astrophysical and cosmological models. It is im-
portant to study this thoroughly to find new physics signals. Here,
we explore the implications of JWST observations on the primordial
power spectrum. We use a modified form of the primordial power
spectrum with a blue/ red tilt on small length scales. Modified power
spectrum can arise in various beyond standard cosmological models.
For instance, inflation models with running inflaton mass or modified
dispersion relation can give rise to an enhancement in the primordial
power spectrum at small scales (Covi & Lyth 1999; Martin &
Brandenberger 2001; Hirano et al. 2015). Additionally, inflation
models with an inflection point Garcia-Bellido & Ruiz Morales
(2017); Germani & Prokopec (2017); Ballesteros & Taoso (2018)
or bump Mishra & Sahni (2020) in the inflaton potential also result
in an enhanced power spectrum at small scales. It is also found
that multifield inflation models, where the inflaton field is coupled
to a secondary field Braglia et al. (2020) or those features a mild
waterfall phase in hybrid inflation (Gong & Sasaki 2011; Clesse &
Garcia-Bellido 2015) or rapid turns in field space Palma, Sypsas &
Zenteno (2020) can also lead to an enhanced power spectrum. Using
CEERS photometric observations, along with spectroscopic updates
for some of their candidates, we compute the cumulative comoving
stellar mass density (CCSMD), and show that a very high star
formation efficiency (¢) is required to explain these observations,
within ACDM. Such high star formation efficiencies are unlikely
in various theoretical scenarios. We show that a blue-tilted power
spectrum can potentially explain these observations, with a low to
moderate star formation efficiency. In the second part of this work,
we investigate the implications of JADES spectroscopic observations
on the primordial power spectrum. For this purpose, we use the star
formation efficiency derived from the previous Spitzer observations
of galaxies with z &~ 10 (Stefanon et al. 2021). It is important to note
that the estimated star formation efficiency is an order of magnitude
smaller than that required to explain the measurements by Labbé
et al. (2023). JADES spectroscopic observations imply lower limits
on the cumulative comoving galaxy number density (CCGND) at
different redshifts. We use them to put the strongest constraints on
the red tilt in the power spectrum over some length scales.

2 HALO MASS FUNCTION

The halo mass function (HMF) is defined as the number density (n)
of DM haloes per unit mass:

dn _
dlnM

dlno
dln M

O
Mﬁ‘;f(w. , 1)

where o and p, are the mass variance of smoothed linear matter
density field in a sphere of radius R, and the mean density of the
Universe, respectively. The radius R is related to the mass M within
the sphere as M = ‘”%R? The mass variance (o) depends on the
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linear matter power spectrum, P (k), and is given by

o%(R) = i/ K2P(R)W2(kR)dk , )
2 2 0

where k is the wavenumber and W (kR) is a filter function in Fourier

space; we use a top-hat filter function. We use the fitting func-

tion, f(o), obtained using the Press—Schechter formalism (Press &

Schechter 1974), and including the corrections for ellipsoidal col-

lapse (Sheth & Tormen 1999):

2a a2 \"7 s. as?
f(a):Aq/;{l—}-(a—y) ];exp {—2;2} , 3)

where 8. is the critical overdensity for collapse, A = 0.3222, a =
0.707, and p = 0.3.

The linear matter power spectrum can be expressed as P(k) =
Pprim(k)Tz(k) , where P, (k) is the primordial power spectrum and
T (k) is the transfer function, which governs the evolution of sub-
horizon modes. In standard cosmology, Pyim(k) o< ks, where n; is
the spectral index. In this work, we study a modified primordial
power spectrum where it deviates from the standard primordial power
spectrum at small length scales with a model agnostic form:

Pprim(k) oc k™, fork <k, )

o' k;r’"Sk’"S, fork > k; . )

The deviation from standard primordial power spectrum depends on
the pivot scale, kp, and the tilt (1) on scales k > k. For ms > ny,
the power spectrum will be blue tilted on scales k > k;, and it is red
tilted if m; < ny. Alternatively, we can also model Py, (k) with a
non-zero running of spectral index (Planck Collaboration 2020).

3 ANALYSIS AND RESULTS

Following Boylan-Kolchin (2023), we compute the CCSMD and
CCGND assuming a modified form of the primordial power spec-
trum. We first calculate the cumulative comoving number density of
haloes with masses above some threshold My, as

* . 2)

n(> Mo, Z) = / d

; (6)
Mhaio am

and the corresponding cumulative comoving mass density of haloes

o dn(M, z
IO(> My, 2) = / dMMi( ) .

@)
Mhalo dM

These relations can be directly translated to compute the CCGND,
n. (> M,, z), and CCSMD, p.. (> M., z), with stellar masses greater
than M,, assuming M, = €f, My, Where f, = Q,/Q,,.! The exact ¢
value depends on the star formation physics; however, it satisfies the
inequality € < 1, and we assumes it to be constant over a redshift
range. The CCSMD is given as p.(> M,, 7) = € f, p(> Mhpao, 2)-
Photometric candidates: Recently, Labbé et al. (2023) have
reported 13 galaxy candidates, which were identified in the JWST
CEERS program, with stellar masses ~10°-10"' M, in the photo-
metric redshift range z ~ 6.5-9.1. Some of the galaxies have also been
confirmed spectroscopically (Arrabal Haro et al. 2023b; Fujimoto

'We have fixed the cosmological parameters at their best-fitting value obtained
from the Planck CMB observations throughout this work (Aghanim et al.
2020). The values are as follows: matter density fraction €2,, = 0.3153,
baryon density fraction €2, = 0.0493, Hubble constant Hy = 67.36 km s~
Mpc~!, ng = 0.9649, and og = 0.8111.
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et al. 2023). We work with updated mass and redshift measurements
for these galaxies. We have also accordingly updated the CCSMD
computed by Labbé et al. (2023) in two redshift bins z € [7, 8.5] and
z € [8.5, 10], using the three most massive galaxies, which are shown
in Fig. 1, by green bands. The uncertainties in CCSMD includes both
Poisson errors and cosmic variance. Cosmic variance is computed
using a web calculator (Trenti & Stiavelli 2008) and is approximately
30 per cent. In the two bins, the most massive galaxies are at z &
7.5 and 9 with M, ~ 10" and 10'° M, respectively. We compute
CCSMD within Lambda cold dark matter for ¢ = 1.0 and 0.2 at
redshifts z = 7.5 and 9, shown by black lines in Fig. 1. We also
compute CCSMD assuming a blue-tilted primordial power spectrum
withk, = 1h Mpc~! and mg = 2.0, displaying them as a function of
M, by blue dashed curves in Fig. 1. We have used HMF code in our
work (Murray, Power & Robotham 2013; Murray 2014).

It is evident from Fig. 1, that CCSMD within ACDM with € = 0.2
is not consistent with the JWST inferred CCSMD. More specifically,
the JWST inferred CCSMD at z & 9 and z &~ 7.5 is consistent with
the predictions within the standard cosmology for € = 0.45 and € >
0.95. When we consider the 1o uncertainties, slightly smaller values
of € will be consistent with the JWST inferred CCSMD. However,
for both cases, the required € is either inconsistent or marginally
consistent with the plausible theoretical values (¢ < 0.32) (Gribel,
Miranda & Vilas-Boas 2017; Tacchella et al. 2018; Behroozi et al.
2020), pointing towards a tension between the JWST observations
and standard cosmology (see also Boylan-Kolchin 2023). We can
see from Fig. 1, that a smaller € is required to explain the JWST
inferred CCSMD in cosmology assuming a blue tilted primordial
power spectrum than that required within the standard cosmology.
Therefore, this tension can be eased by a blue-tilted primordial
power spectrum. From Fig. 1, the CCSMD obtained for a blue tilted
primordial power spectrum with k, = 1h Mpc™! and m, = 2.0 can
be consistent with CCSMD inferred from JWST, at z = 9 with € =
0.2. For z = 7.5, a slightly larger € will be required. A larger m; can
lead to an even large value of p.(> M,), but we cannot choose any
values of mg and k;, as these will be limited by the constraints on
matter power spectrum from various measurements (Viel, Weller &
Haehnelt 2004; Chabanier, Millea & Palanque-Delabrouille 2019a;
Chabanier et al. 2019b; Gilman et al. 2022; Sabti, Mufioz & Blas
2022).

We perform a scan of m; and k,, values to find the parameter space
that can achieve the CCSMD inferred from the JWST observations.
We vary kp € [1, 5] h Mpc*l and mg € [0.9649, 5], with € = 0.1 or
0.2, and compute the corresponding CCSMD (p, (> M,.)) with M,
fixed at the maximum value of JWST inferred stellar mass at z &~ 9.
To infer the parameter space consistent with CEERS observations,
we compare the computed CCSMD with that inferred from CEERS
observation. If the computed CCSMD is greater or equal to the lowest
(at 68 per cent c.l.) value of the CCSMD inferred from CEERS
observations, we select the k, and m; values; otherwise, we reject
them. The selected k, and m; values represent the parameter space
consistent with CEERS observations and are shown by the green
shaded regions in the left-hand panel of Fig. 2. The solid and dashed
lines correspond to € = 0.1 and 0.2, respectively. It is evident from
the figure that a larger tilt is required to explain JWST inferred p, (>
M,) for € = 0.1 than that required for ¢ = 0.2. The shaded regions
may be in conflict with the 68 per cent c.l. error bars presented in
Gilman et al. (2022) and Sabti et al. (2022). As an example, the linear
matter power spectrum obtained assuming ACDM transfer function
and a blue tilted primordial power spectrum with k, = 1.1h Mpc~!
and mg = 1.53, which can explain the Labbé et al. (2023) result,
is shown in the right-hand panel of Fig. 2. There are a few ways
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to address this issue: 1. JWST results are slightly revised, although
they still remain in tension with ACDM predictions. 2. Our inferred
ms—kj, region is probably consistent with the 95 per cent c.l. regions
of other measurements. 3. Even if the inferred m,—k;, region for € =
0.2 is inconsistent with the other measurements, some other m,—
kp values with a slightly large € will still be allowed. Therefore,
a blue-tilted spectrum will still ease the tension though it may not
resolve it completely. 4. Some new physics changes the transfer
function such that only a small blue tilt is required. Finally, it is
also possible that star formation efficiency is higher for massive
galaxies at high redshifts (Dekel et al. 2023). The required blue tilt
may also impact the reionization epoch (Gong et al. 2023), which
future observations can probe. In addition, we would also like that a
blue-tilted power spectrum will also exacerbate some of the small-
scale tensions in ACDM cosmology. A blue-tilted power spectrum
will imply a larger number of satellite galaxies as compared to that
predicted in ACDM cosmology, which will worsen the missing
satellites problem. However, since the current JWST observations
do not confirm the existence of a blue-tilted power spectrum at small
scales, we do not address this problem in this work.
Spectroscopically confirmed galaxies: Recently Curtis-Lake et al.
(2022); Robertson et al. (2023) have reported four galaxies from the
JADES survey with spectroscopically confirmed redshifts. Keller
et al. (2023) report the lower limit on CCGND inferred from these
observations, shown in Fig. 3 by black stars. There are also other
estimates of CCGND at z ~ 10, obtained using Spitzer data by
Stefanon et al. (2021), which are shown by black points with error
bars in Fig. 3. There are few other spectroscopic measurements, but
our work only uses these observations. For a given power spectrum,
the CCGND depends on €. We first compute the CCGND at z ~
10, within the standard ACDM cosmology, and compare it with
the results obtained by Stefanon et al. ( 2021) to find a range of
€ € [0.03, 0.042]. The CCGND as a function of stellar mass for
these two € values are shown by the green and red curves in Fig. 3.
It is evident from Fig. 3, that the CCGND within the standard
cosmology and ¢ in this range will be consistent with the results
of Robertson et al. (2023) and Stefanon et al. (2021). Since a red-
tilted primordial power spectrum predicts a smaller CCGND, we can
use this observational data to constrain the red-tilt for a given €. As
we have already obtained a range of ¢ values which gives results
consistent with the standard cosmology, we fix € & 0.03 and 0.042
for these galaxies. Note that these € values are an order of magnitude
smaller than that required to explain the Labbé et al. (2023) results.
These differences may arise due to environmental effects; more
observations are required to clarify the situation. Next, we compare
the CCGND obtained for a red-tilted power spectrum at z = 11.38,
12.53, and 13.32 with those inferred from the JWST observations by
Robertson et al. (2023) at these redshifts. The parameter space of m
and k, that predicts a smaller CCGND than that inferred from the
JWST observations at these redshifts will be disallowed. We perform
a similar parameter scan analysis with JADES observations as done
with CEERS observations to find the constraints on the red-tilted
power spectrum. We vary k, € [1,2] h Mpc~! and m, € [0.9649, 0],
with € = 0.035 or 0.042, and compute the corresponding CCGND
(ny (> M,)), with M, fixed at the minimum value of JWST inferred
stellar mass of the galaxies. Next, we compare the computed CCGND
with that inferred from JADES observations to obtain the parameter
space constrained by JADES observations. Since JADES observation
provides a lower limit on CCGND, the k, and m values for which
the computed CCGND is smaller than JADES inferred CCGND will
not be allowed. Hence, if the computed CCGND is smaller than
the JADES inferred CCGND, we reject the corresponding values to
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Figure 1. The CCSMD of galaxies with stellar mass content more than M, for z = 9 (left-hand panel) and 7.5 (right-hand panel). The black and blue curves
are for the standard ACDM cosmology and the cosmology with a blue tilted primordial power spectrum ( k, = 1 hMpc~! and mg = 2.0), respectively. The
thick and thin curves are for € = 1.0 and 0.2, respectively. The green bands represent the CCSMD that we have computed using observations by Labbé et al.
(2023), and corresponding spectroscopic updates.
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Figure 2. Left-hand panel: The shaded region represents the kp,—ms parameter space which predicts CCSMD consistent with JWST inferred o4 (> M), assuming
M, fixed at the mass of the most massive galaxy candidate at z & 9 by Labbé et al. (2023). The solid and dashed curves are for ¢ = 0.1 and 0.2, respectively.
Right-hand panel: Matter power spectra computed at z = 0, within the standard ACDM cosmology and cosmology with a blue tilted primordial power spectrum
(kp=1.1h Mpc~! and mg = 1.53) are shown by the black and blue solid lines, respectively, along with constraints from other measurements by Viel et al.
(2004); Chabanier et al. (2019a); Chabanier et al. (2019b); Gilman et al. (2022); Sabti et al. (2022).

obtain the constrained kp—m, parameter space. The galaxy at z = maximum allowed red tilts for k, € [1, 2] and € = 0.042 in the
11.38 puts the most stringent constraint; the disallowed region is left-hand panel of Fig. 5 by multiple red curves. We also show
shown in Fig. 4 by the region below green shades. The curves the constraints from Viel et al. (2004); Chabanier et al. (2019a);
with solid and dashed lines correspond to € = 0.035 and 0.042, Chabanier et al. (2019b); Gilman et al. (2022); Sabti et al. (2022);

respectively. It is evident from Fig. 4, that only a tiny red tilt in the all of them are consistent with ACDM cosmology. It can be seen
power spectrum is allowed from JWST observations. The constraints from Fig. 5, that the matter power spectra obtained with the
will be more stringent or relaxed with a smaller or larger value maximum allowed red tilts for k, € [1,2] and € = 0.042 lie within the
of €. Since the exact € value depends on complex astrophysical 68% c.l. band reported in Gilman et al. (2022). Recently, Esteban,
processes, and there is a degeneracy between € and the power Peter & Kim (2023) have also constrain the matter power spectrum
spectrum parameters, we can only constrain the power spectrum at small scales using Milky Way satellite velocities. We also plot
parameters for a given value of €. the percentage deviation of matter power spectrum obtained with

We also study the implications of these constraints on the matter a red-tilt from that predicted in standard cosmology, defined as
power spectrum, assuming the ACDM transfer function. If the Y AP(k) = W x 100, where Pjcpm(k) and P, (k) are
transfer function changes due to the presence of new physics, matter power spectra within ACDM cosmology, and cosmology with
the constraints on the matter power spectrum will also change red-tilted primordial power spectrum, respectively. The %A P (k) is
accordingly. We plot the linear matter power spectra with the shown in the right-hand panel of Fig. 5 by red curves. It is clear from
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Figure 3. The CCGND of galaxies with stellar masses more than M, forz =
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10.38 (left-hand panel) and 11.58 (right-hand panel), within the ACDM cosmology.

The red and green curves are obtained with € = 0.03 and 0.042, respectively, in order to match the data obtained by Stefanon et al. ( 2021), which are shown
by black data points. The black stars represent the CCGND inferred from the recent JWST observations (Curtis-Lake et al. 2022; Keller et al. 2023; Robertson

et al. 2023).

1.0 1 1 1 1

09 -
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(See Fig. 3 of this work)
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05 1 1 1 1
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Figure 4. The shaded regions show the k,—m parameter space consistent
with JADES observations. For all the values in the shaded region, the predicted
CCGND for a red-tilted power spectrum is consistent with that inferred for
the galaxies observed in the JADES survey. Parameter space below the green
shaded regions are ruled out by JADES observations. The solid and dashed
curves are for € = 0.042 and 0.035, respectively. The black dotted line shows
the spectral index ny = 0.9649, within ACDM cosmology.

this figure that % A P (k) is less than the maximum deviation allowed
in P (k) by the constraints obtained in Gilman et al. (2022), shown
by a grey line. From Fig. 5, we find that observations of high redshift
massive galaxies can give the strongest constraints on matter power
spectrum on scales k ~ 2-7 h Mpc~'. If future JWST observations
reveal a higher number density of galaxies at these masses and
redshifts, then this will imply an even stronger constraint on the
matter power spectrum; thus demonstrating that such observations
may be the best probe of the matter power spectrumat 1 Sk < 10h
Mpc!.

4 CONCLUSIONS

JWST has already provided very interesting, and perhaps surprising,
results by observing several massive galaxy candidates at high

redshifts. Many of these candidates are detected photometrically, and
some of them have been confirmed as galaxies using spectroscopy.

Detections of some galaxy candidates in the CEERS survey with
stellar masses > 10'9 Mg, at photometric redshifts z > 7 have caught
much attention. If all of them are confirmed spectroscopically, these
can seriously challenge the ACDM cosmology: how do such massive
galaxies form so early in the timeline of the Universe? A solution
to this challenge may come from a better understanding of galaxy
formation physics or beyond ACDM cosmology. This work shows
that a blue-tilted primordial power spectrum can ease this tension.
Recently, Hirano & Yoshida (2023) did simulations with a blue-tilted
power spectrum and found their results consistent with our results.
However, k,—m, parameter space that eases this tension is highly
constrained from various astrophysical observations. Soon after this
work, Sabti, Muiloz & Kamionkowski (2023) performed an analysis
by assuming a Gaussian enhancement in the power spectrum, and
found that the enhancement required to explain Labbé et al. (2023)
observations will conflict with previous constraints on these scales
by Sabti et al. (2022) (see Fig. 2 of this work). Additionally, there are
large systematic and statistical uncertainties in these measurements.
If future JWST data can shrink these uncertainties and the redshifts are
spectroscopically confirmed, these observations will be an important
tool in probing the power spectrum at small length scales, and will
be a discovery tool for new physics.

We also study the impact of spectroscopically confirmed galaxies
observed in the JADES survey by JWST on the primordial power
spectrum. These galaxies are consistent with the ACDM cosmology.
We use four spectroscopically confirmed galaxies at z > 10 to
constrain a red-tilted primordial power spectrum. We find that the
most stringent constraint on the red tilt of the primordial power
spectrum comes from the observation of a galaxy at redshift z =
11.38. These constraints depend on €: for smaller values of €, the
constraints will be stringent, whereas they will weaken if € is larger.
Using the € values derived from Spitzer data, we find the most
stringent constraint on the matter power spectrum at k ~ 2-7 h
Mpc~!. In the future, more spectroscopically confirmed galaxies at
such high redshifts by JWST can further strengthen these constraints.

We would like to point out that the JADES measurements only
provide a lower limit on the CCGND, hence, it will be formally con-
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Figure 5. Left-hand panel: Matter power spectra computed at z = 0 within the standard ACDM cosmology (black solid line) and cosmology with a red tilted

primordial power spectrum (red solid lines). The multiple red lines are obtained for k, € [1, 2] h Mpc™

I"and show the lower limits on the red-tilt for each kp

from JWST observations with € = 0.042. Right-hand panel: The maximum allowed percentage change in P (k) with a red tilted primordial power spectrum as
compared to that in ACDM cosmology, %A P(k), is shown by multiple red curves for k, € [1, 2] h Mpc~! and corresponding allowed m; values. The grey
curve represents the maximum percentage deviation allowed in Pocpm(k) by the constraints obtained in Gilman et al. (2022). These plots show that JWST

observations impose the strongest constraints on scales k ~ 2—7 h Mpc~!.

sistent with a blue-tilted power spectrum if we ignore other measure-
ments that constrain the power spectrum at these scales. However, itis
not appropriate to exclusively compare only the CEERS and JADES
observations, while neglecting the other measurements at these
length scales. When CEERS and JADES observations are combined
with earlier measurements, it is apparent that there is a discrepancy
between the two data sets: CEERS is probably inconsistent with
ACDM cosmology, whereas JADES is consistent with it. Conse-
quently, it is impossible to find a modified power spectrum that ex-
plains both sets of observations while also remaining consistent with
previous measurements. As these data sets have inconsistency, we
do not employ them to simultaneously constrain the power spectrum.
Our aim is to highlight the significance of JWST observations as a po-
tential power spectrum probe. Therefore, we use these observations
to study their implications on the power spectrum independently.

Our work shows that near-future observations of massive galaxies
at high redshifts by JWST can either teach us more about galaxy
formation physics and star formation efficiency in the early Universe
or discover new physics beyond ACDM physics.
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