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James Webb Space Telescope (JWST)

Launch date:
25 December 2021
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JWST Observations: ACOM tension?
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JWST Observations: ACOM tension?

Early data releases of JWST have revealed several high redshift surprisingly massive galaxy candidates.

Labbé et al. 2023

120
 Labbé et al. 2023 have found 13 galaxy candidates 11 s
(6.5 <7 <9.1)using TWST data released within the Cosmic i _+_
Evolution Early Release Science (CEERS) program. . :

+ Six candidates found to have stellar mass M. > 10'°M_,.

Stellar mass (log(M,/M )
©
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Most of them are observed by photometry and ,

7 —
many of Them have been confirmed
spectroscopically.
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JWST Observations: ACOM tension?

These JWST observed massive galaxy candidates requires to have a very high star formation efficiency within

STGndGI"d cosmoloaical model. Boylan-Kolchin M., 2023, Nature Astronomy,
108 arXiv: 2208.01611
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Actively debated in the literature and subject to systematic uncertainties (e.g. Larson et al. 2022; Chen, Mo & Wang 2023; Endsley
et al. 2023; Prada et al. 2023; Steinhardt et al. 2023).



ACDM tension? == Hint for
new plr\ysms7

Impllcatlons Elther the mferred galaxy propertles are wrong (systematlc or :
requires modification on the astrophysical side) or there is an issue with our ;
__successful standard cosmologicalmodel  }

» Various solutions involving modification on the astrophysical side or beyond standard cosmological

model have been explored.
Early dark energy component (Shen et al. 2023; Boylan-Kolchin 2023), presence of primordial black

holes or axion miniclusters (Liu & Bromm 2022; Hutsi et al. 2023; Yuan et al. 2023; Dolgov 2023),
fuzzy dark matter & warm dark matter (Gong et al. 2023; Bin Liu et al. 2024), primordial nhon-
Gaussianity (Biagetti et al. 2023), cosmic strings (Jiao et al. 2023).


https://inspirehep.net/authors/1048105

Halo Mass Function

Semi-analytical method: We utilise the extended Press-Schechter formalism to
compute the statistics of non-linear density field from the linear power spectrum.

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

v, Po f( ) dlno
= M—f(o
din M M? din M
Where 6%(R) = %J K*P(HW?*(kR)dk  and M = 47:'00R3
= Jo

For f(0), we use the Sheth-Tormen fitting function:

o) = A 2a [+ o2\ 0, _ as?
= Ay — — — ex
’ T ad? o P 202

0. = critical overdensity for collapse, A = 0.3222, a = 0.707, and p = 0.3

]

dn/dm [h* Mpc—> M

p—
=
T

Computed using HMF code
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Important quantities: Cumulative Comoving Number and
Mass Densities & UV luminosity function

The cumulative comoving galaxy number density with stellar masses above some threshold

M. as
>0 dn M, < M>x<
n«( > My, 7) = J dM M. 2) : where M, ;, = and f, = €2,/Q

Y, dM € f;,

halo
and the corresponding cumulative comoving stellar mass density  * € is the star formation efficiency, and satisfies
* dn(M,2) e< |
p«( > M., z) = €f, dM M YR » Exact value depends on star formation physics
Mhalo
dn dM To compute UV Luminosity function, we

UV Luminosity Function: Dy =
dM dMsy need to know the My — M,,.,, relation.




Modified Primordial Power Spectrum

We study a modified primordial power spectrum where it deviates from the standard primordial power spectrum at small

Ieng’rh SCC('@S WiTh a model GghOSTiC for'm: P. Parashari & R. Laha, MNRAS: Letters, 526, L63-L69 (2023) arXiv: 2305.00999

(k) « k™, fork <k,
X k]’;’s_mSkms, fork > k,.

P prim

For m; > n, the power spectrum will be blue tilted on scales k > &, and it is red tilted if m; < n,.
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JWST Observations and Modified Power Spectrum

P. Parashari & R. Laha, MNRAS: Letters, 526, L63-L69 (2023) arXiv: 2305.00999

* Blue-tilted primordial power spectrum can reduce the required star formation efficiency.

== = Blue Tilted (¢ = 1.0) == = Blue Tilted (¢ = 1.0)
= ACDM (e = 1.0) = ACDM (e = 1.0)
=== Blue Tilted (¢ = 0.2) === Blue Tilted (¢ = 0.2)
—— ACDM (e = 0.2) —— ACDM (e = 0.2)
104 10%
106 107 108 10° 1010 1011 106 107 108 10° 1010 1011
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m; = 2.0 and k, = 1 hMpc™!

Computed using modified HMF code



JWST Observations and Modified Power Spectrum

m, = 1.53 and k, = 1.1 hMpc™"

Parameter space that€xp

ce'Fig. 1 of this work) ACDM

Blue tilted

- Gilman et al.
Lyman-alpha
UVE

ky [h Mpc_l] k [h Mpc_l]

* Required parameter space to reduce this tension may be in conflict with earlier observations.

P. Parashari & R. Laha, MNRAS: Letters, 526, L63-L69 (2023) arXiv: 2305.00999 Computed using modified HMF code



Other Works with JWST Observations and Modified
Power Spectrum

» After our work, Hirano & Yoshida (2023) did simulations with a blue-tilted power spectrum
and found their results consistent with our results. (arXiv: 2306.11993). Padmanabhan H.
& Loeb A. (2023) also found similar results arXiv:2306.04684.

* In another work, Sabti et al. (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

HST, which is consistent with our result. (arXiv: 2305.07049)



JWST observations from the JADES |
program (spectroscopically confirmed
galaxies)




JWST Observations (JADES)

P. Parashari & R. Laha, MNRAS: Letters, 526, L63-L69 (2023) arXiv: 2305.00999

z = 10.38 z = 11.58
102 — ——— 10~ 2 ——— ——
» Recently Curtis-Lake et al. (2022) and _ §
Robertson et al. (2023) have reported 4 103 e=0042 93} -
galaxies from the JADES survey with Yoo (e |
spectroscopically confirmed redshifts (z>10). =1°°F 1=10°F E
= 10°F - = 10°F -
* Keller et al. (2023) reported the lower limit S | & :
on cumulative comoving galaxy number density = y-sL i -
inferred from these observations (Black _ | '
stars) 0 e 0 h
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L Since a red-tilted primordial power _ 107 FTOME 10 E
| spectrum predicts a smaller cumulative g v
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’ use this observational data to constrain ' = L0-5L ) = 051 ]
" the red-tilt for a given . c 1 &
T T T T

Computed using modified HMF code M. [Mo] M. [Mg]



Constraints on Power Spectrum

P. Parashari & R. Laha, MNRAS: Letters, 526, L63-L69 (2023) arXiv: 2305.00999
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Computed using modified HMF code

we find the most stringent constraint on the matter power spectrum at scales k ~ 2 —7h Mpc .



Summary

» JWST has opened up a new window to probe our Universe.

» JWST has already provided exciting and surprising results by observing several
surprisingly UV-bright and massive galaxy candidates at high red shifts.

» High star formation efficiency is required to explain these galaxies within standard
cosmology.

* A blue-tiled power spectrum can reduce this tension. However, the required
parameter space will conflict with other observations.

» JWST has also reported a few spectroscopically confirmed galaxies. These galaxies
can put the stringent constraints on matter power spectrum over scales

k~2—7hMpc.
*We show the significance of JWST observations as a potential power spectrum probe.



Summary

» JWST has opened up a new window to probe our Universe.

» JWST has already provided exciting and surprising results by observing several
surprisingly UV-bright and massive galaxy candidates at high red shifts.

» High star formation efficiency is required to explain these galaxies within standard
cosmology.

* A blue-tiled power spectrum can reduce this tension. However, the required
parameter space will conflict with other observations.

» JWST has also reported a few spectroscopically confirmed galaxies. These galaxies
can put the stringent constraints on matter power spectrum over scales

k~2—7hMpc.
*We show the significance of JWST observations as a potential power spectrum probe.

Thank you!
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Standard Cosmological Model

Standard Cosmology: Inflation + ACDM

» Six parameters model (v, @, T,.:y, 0, A Q ST

» Fits the cosmological observations Parameters related
to inflation

 Inflation sets the initial condition for the structure

formation. Dark Energy
* The minimal single field inflation models predict a

scale invariant primordial power spectrum.

I n—1
P prim — A k*

Figure credit: Planck collaboration



Standard Cosmological Model

Standard Cosmology: Inflation + ACDM

» Six parameters model (v, @, T,.:y, 0, A Q ST

» Fits the cosmological observations Parameters related
to inflation

 Inflation sets the initial condition for the structure

formation. Dark Energy
* The minimal single field inflation models predict a

scale invariant primordial power spectrum.

& 1 Figure credit: Planck collaboration
P prim — A
k>x< * CMB does not probe all the scales.

* Other observations at different scales is
needed to probe power spectrum at all scales.

Planck CMB 2018 contraints:
n, = 0.9649 = 0.0042

A¢ = (2.099 +0.102) x 10~




Matter Power

Spectrum

corresponding halo mass [Mg]

108 10°% b b 10°7 108
A A

» Tiny fluctuations generated during inflation evolves

and form the structures that we observe at

104

present.
* The matter power spectrum: defined as the two 101

: : : : i ACDM 5
point correlation function of the density £ | — rwmrkaEres
. N/ 1099 .eeen orior min/max | e T
perTurbaT|0nS. E I 68% CI strong lensing (this work)
- Lyman — a
2 10-2- SDSS DR7 LRG
_ UV LF
P(k) T Pprlm(k)T (k) -+ DES Y1 cosmic shear
-+ Planck 2018 TT
104 - Planck 2018 EE
-+ Planck 2018 PP
where P (k) is the primordial power 10- o1 i T o

k [Mpc~1]
spectrum (depends on inflation model) and

T(k) |S The Tr‘ansfer‘ fUhCT'On Figure credit: D. Gilman et al. (2022) arXiv:2112.03293
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Universe Timeline
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Figure credit: NASA webb
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Cumulative Comoving Number and Mass Densities

Let me define the cumulative comoving number density of haloes with masses above

some threshold M, ., as

> dn(M, 7)

n(>M,. . 7)= dM ,
( halo ) JM IM
halo

and the corresponding cumulative comoving mass density of haloes

(7 dn(M, 7)
p(> M, .14, 2) = dM M .
Mhalo dM

Cumulative comoving galaxy number density:
where stellar mass M. = ¢/, M, .;,

n*( > M>x<, Z) — I’l( > MhalO’ Z) and ]Cb _ Qb/Q
m
and cumulative comoving stellar mass density:

» The star formation efficiency, € < 1
p( > M., z2) = €f, p( > My 100 2) * Exact value depends on star formation physics



JWST Observations

Early data releases of JWST have revealed several high redshift massive galaxy candidates.

Labbé et al. 2023

120
 Labbé et al. 2023 have found 13 galaxy candidates
(6.5 <7 <9.1)using TWST data released within the Cosmic
Evolution Early Release Science (CEERS) program. e o
* They identified these candidates by observing two redshifted = — # ;+_
breaks in their spectral energy distributions (SEDs): 1. Lyman 3 s o
break (1216 A) and 2. Balmer break (3600 A). % _* ¢4 q
O
2 9
» Six candidates found to have stellar mass M.. > lOloMQ. é
5
3 s
Most of them are observed by photometry and | |
| some of them have been confirmed ‘
. Spectroscopically. | , , , .
! L ; L ! L

Redshift



I
)

I
)

Trryfrrrrrrrrrrrrrr[rrrrrJ1rrrit«

I
&~

logo (P [mag=! Mpc—3])
&

I
~

WST Observations

benchmark i= 10
ouv(10'°M5)=0.5
ouv(10'9°M 0)=0.9

as=s

O
— ACDM - " .
— EDE
-l U I O I I T TN O T T T T T | LN I T T
16 -17 -18 =19 =20 =21 =22 =23 =24

Myv

|
5

I
N

LI B B N B N B B B B B B N B B B B B B B B |

logo (® [mag~' Mpc~])
|
N

I
~

—16

e e L I A B B B B e
C 7~ 14
ouv(10'°Mg)=1.0
ouv(10'°Mg)=1.4

[ T T O N TN WO TN A [N TR U WO U NN NN NN SN SN NN NN UNNN SN SN N NN SN AN

==+ benchmark (z<10)

-

[HN T NN U N N N N S N T N N N TN NN AN N N TN NN NN A A |

—23

-17 =18 —=19 =20 =21 —24

Myv

logio (@ [mag™" Mpc™])

logio (® [mag™' Mpc™))

-2

I I
NEN (O8]
llllllllllllllllllllllllll,l,

I
)

I
N

- T

z~12
ouv(10'°M5)=0.8
ouv(10'9°Mg)=1.2

. JWST photoz e
=7 + preJWST N
® JWSTspecz \
[N T N T N T T T T N N T T N T T T T T T T N Y | | A
-16 -17 -18 -19 =20 =21 =22 =23 =24
Muy
~2

I I
ol -
T T T [ T T T T [ T T T T [ T T TT]

I
N

I
<

I

(O8]
T 17T ] T T T
/

z~16
(5'['\.*( I()III'S M@)Z 1.3

()'U\:'( IOII)'5 M o) ) =2.2

:

i

A 3
U N T U N TN NN N S NN TN TN NN T N TN TN TN U N TN NN C N N TN N N A N A |

sl N NN SN N NN VNN TN W N N TN TN W A NN T T T O T TN O T [ T Y N

—16

-17 =18 -=19 =20 =21 =22 =23
Muyy

Early data releases of JWST have
revealed several high redshift
massive galaxy candidates.
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| photometry and some of them |
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spectroscopically.




f, (udy)

f, (udy)

{
{ID=11184 '09‘4
z = 7.32+028 |
0.100 5 1/ _ 10,1010 -
1 ¥2=23 m.....o
0.010 -
P(z)
0 5 10
1 2 3 4
104
0.100 § ID = 2859 [
\

0.010 -

0.001 -

1z=8.111"%

-1.49

1 M=10.03}357
| ¥?=22

l
1.0007 5 38004 | L?'w
| 2=7.48:02 .
1M =10.89" 03
. X2 =19 /'
0.100+ o—®
: o
0.010- P@)
' 0 5 10
1 2 3 4
. JLUA™
01003 5 _ 35300 I.‘
1 z=9.08"03
2= o8y K o
= 10.4U_5 23 yd
1x2=9 ._/’
0.010 - *P?
P
0.001 - ol . . (,z). ;.
3 0 5 10
1 2 3 4
Aobs (um)

i
_ L
piood s ml.
1 2=8.14.7 L
] M=10.14102 N
7% =12 /'
0.010 - }*" ¥
0.001 - A B
: 0 5 10
1 2 3 4
| ID=14924 II'J'P
0.100{ z=8.83"5 f(
1 M=10.02:31 /'
X2 =18 ‘ r‘“. *“V\.
0.010 - i
P()
0. 5 10
1 2 3 4
lobs (pm)



JWST observations and modified power spectrum

Priyank Parashari & Ranjan Laha, MNRAS: Letters, 526, L63-L69 (2023)

» After our work, Hirano & Yoshida (2023) did simulations with a blue-tilted power spectrum and found their results
consistent with our results.
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Other Works with JWST Observations and Modified
Power Spectrum

* After our work, Hirano & Yoshida (2023) did simulations with a blue-tilted power spectrum and found their results
consistent with our results. (arXiv: 2306.11993)

* In another work, Sabti et al. (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 HST, which is consistent with our result. (arXiv: 2305.07049)
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