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The cosmologists’ conundrum

Cosmologists agreeing what a great success the
_ACDM model is
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The cosmologists’ conundrum

Cosmologists agreeing what a great success the
_ACDM model is

Does DM interact
with other particles?

Photons?

(Neutrinos?)
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What is the hypothesis?

0x-i=0oTy for n € {—4,-2,0, 2,4,6}

For this talk, n =0. X X

Particle physics case exist:
Millicharged DM;
DM-sterile v coupling etc. Y Y

__time 2
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To answer this question about the DM microphysics,
turn the gaze to the other infinity!

Image credit:
ESA
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How do structures form In the universe?

*Initial density perturbations are ‘God-given’ (inflation?)
*Dark matter responds to its own gravitational potentials.
*Baryons respond to dark matter’s gravitational potentials.

The system can be solved by modelling the contents of the universe
as perfect fluids. The interactions are treated using the kinetic theory
of the constituent particles.
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How do structures form In the universe?
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How do structures form In the universe?

God-given
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How do structures form In the universe?

God-given Density perturbations’
spatial distribution
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How do structures form in the universe?

God-given Density perturbations’
spatial distribution

e,
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The linear power spectrum P(k) for ACDM

104
% 103
=
; Present-day LINEAR
k~1/(length scale)= ol matter power spectrum
Q“S h "+ Planck TT
~+  Planck EE
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-+ DES Y1 cosmic shear
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10 107 102 107 100

Wavenumber k [h Mpc ]

Courtesy ESA and Planck Collaboration
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Dealing with non-gravitational interactions

*When there are interactions, one has to turn to kinetic theory.

*Need to solve interacting Boltzmann equations to get the Power
spectrum.

4
(5; — = 591 + 4¢,7
°In our case: 1
0, =k* (157; — a,—) + k%) —Tip (0: — 0) — Tiry (6: — 6y)

5l = — 6, + 3¢,
0! =HO, + k20, + k2P — Ty (04 — 0:) .
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Dealing with non-gravitational interactions

*When there are interactions, one has to turn to kinetic theory.
*Need to solve interacting Boltzmann equations to get the Power

spectrum. A A |
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Dealing with non-gravitational interactions

*When there are interactions, one has to turn to kinetic theory.
*Need to solve interacting Boltzmann equations to get the Power

spectrum. A A |
Pi T x-i
I'y; = —ao, inyc= —p;—=—ac
5;:_§9i+4¢', T B T 3y
°In our case: 1
0. =k? (157; — a,—) + k%) — Tip (0; — ) — Ty (0: — 6 ),

C

,  kpT, (1 18lnTX) &, =— 0y + 3¢/,
x = - 30
Mx na 0, =HO, + cik25x + k%Y — Dy (6x — 6:).-

19/11/25




Power spectrum for interacting DM

Matter Power Spectra at z = 10.0, m, =1 GeV

107 1073 1072 107! 10° 10!
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How do structures form In the universe?

God-given Density perturbations’
spatial distribution
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How do structures form In the universe?

God-given Density perturbations’ How many halos?
spatial distribution
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From power spectrum to Halos

Condition for collapse:  dx(X)

A%

dc(Znigh )
dc(Ziow)

Image credit:
Tirthankar Roy Chaudhuri
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HMF using Sheth Tormen fitting function

A = 0.3222, p—03 q = 0.707 and Oyt = 1.686

o?(My, 2) = / (;iwl;?,WQ(Mh,k)PL(k, 2)
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HMF using Sheth Tormen fitting function

Halo Mass Function using Sheth-Tormen Formalism at z = 10.0

— ACDM

— 6=10"%cm
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Why I1s JWST great at eavesdropping?

Ratios of HMFs: AC'DM /interacting, o = 10~%* cm?
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HMF using Sheth Tormen fitting function

A = 0.3222, p—03 q = 0.707 and Oyt = 1.686

o?(My, 2) = / (;iwl;?,WQ(Mh,k)PL(k, 2)
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HMF using Sheth Tormen fitting function

A = 0.3222, p—03 q = 0.707 and Oyt = 1.686

o2(My, 2) = / (;ﬁr’;w (M, k) P (k, 2)
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HMF using Sheth Tormen fitting function

3 (sin os(kR))

WTop—Hat (k‘R) — (kR)S

Wemk (k; R) = 1/(1+(kR/c)®)  B=4.8,c=3.3
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How do structures form In the universe?

God-given Density perturbations’ How many halos?
spatial distribution
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How do structures form In the universe?

God-given Density perturbations’ How many halos? How many galaxies?
spatial distribution
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How do structures form in the universe?

God-given

Density perturbations’
spatial distribution

How many halos? How many galaxies?
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Let there be light!

What do we observe? UVLF!

dyv(Myv,z) = /n(Mh:Z)P(MUV|MhaZ)th
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Let there be light!

What do we observe? UVLF!

dyv(Myv,z) = /n(Mh:Z)P(MUV|MhaZ)th

# density of galaxies with a given luminosity in UV
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How do structures form in the universe?

God-given Density perturbations’ How many halos? How many galaxies?
spatial distribution

19/11/25




Astrophysics-modelling

* Astrophysics-model informed by THESAN-ZOOM simulations,
tailored for high-redshift galaxies.

* We marginalize over astrophysical parameters.

* UV-variability introduced to account for stochasticity.
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What JWST brings to the table

* A 6.5-metre mammoth mirror (Hubble’s was 2.4 metres)

*Sensitivity to infrared wavelengths

*Further away from earth to shield from Sun/Earth/Moon radiation

Hakim Atek’s talk on 17" November
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The toolbox for Universe’s structure inspection

Image credit:
Winch et al. (2024)
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Preliminary results

Constraints on DM-v cross-section

10732
&

107374 —e— JWST UVLF (this work)
1038 _ — MW satellites (Crumrine et al.)
| —— MW satellites (SDSS, DES)
103

j —— Planck, BAO, SDSS, Lyman-a
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Conclusions and anticipation

* JWST UVLF is a fantastic new observable to probe
DM-photon interactions.

*Temperature-dependent coupling can also be probed.

* DM-neutrino interactions can also be similarly probed.

Stay tuned for the results, to be put on arXiv (hopefully)
soon!
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Backup slides
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What JWST brings to the table

* A 6.5-metre mammoth mirror (Hubble’s was 2.4 metres)

*Sensitivity to infrared wavelengths

‘Further away from earth to shield from Sun/Earth/Moon radiation

JWST has opened unseen vistas of the universe
(besides other things).

19/11/25




19/11/25




What JWST brings to the table
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Effect of DM-radiation interaction

*We make use of the Cosmic Linear Anisotropy Solving System
(CLASS) code to solve these eguations.

*CLASS modified by Becker et al. (2021) to include DM-photon
Interactions.
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Effect of DM-radiation interaction

*We make use of the Cosmic Linear Anisotropy Solving System
(CLASS) code to solve these eguations.

*CLASS modified by Becker et al. (2021) to include DM-photon
Interactions.

Assumptions:
*‘DM-radiation cross-section independent of temperature.
*Temperature of radiation unaffected by DM interactions.
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From power spectrum to Halos

Condition for collapse:  éx(X) >
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Let there be light!

What do we observe? UVLF!

(I)UV(MUV7Z) — /n(Mhaz)P(MUV|Mhaz)th
# density of galaxies with a given luminosity in UV

The astrophysical modelling goes into P(Muyv| Mp,z).
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