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Cosmic Evolution
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Credit: NED, CalTech
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CMB Power Spectra: Planck
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Possible improvements with CMB-S4
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scale resolution.
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CMB-S4 Science Book, First Edition, arXiv: 1610.02743
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Inflation and the tensor-to-scalar ratio, r

e Forecastfora
fiducial model
withr = 0.003.

e |f true value of
r>0.003, then a
56 detectioniis
possible.
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exact scale-invariance
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Inflation and the tensor-to-scalar ratio, r

e Forecast fora

fiducial model with r ' ) |
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Effective number of non-photon radiation species,
Neff
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D. Baumann, arXiv: 1807.03098
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Effective number of non-photon radiation species,
Neff

) —— Goldstone boson
= — Weyl fermion 7]
CMB'S4 Sha” r — Yector boson
determine N 0.5 1
with an [ N\ Current (95%c:1.)
uncertainty = 02 R
=, | —_——e B0 %Rl
< 0.06 (95% C.L.) 3 .
- CMB-54 (95% c.1.)
————————————————————————————————————— 0.054
0.05 - 0.047
F Future sensitivity
0.027
Future target
0.02 - b
D.Dl}ll I IHIEI'I.IlJlI I””EIJI.I I “”“Il - ””10 - IHIIDIJI I ”III:IIIDDI ””IIO“ I ””ilﬂ':' Dvorkin et al,
Tr [GeV] arXiv: 2203.07943

Contributions of a single massless particle, which decoupled from the Standard Model at
a freeze-out temperature T, to the effective number of relativistic species.
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Neutrino Masses: Effect on CMB
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Neutrino Masses: Effect on Matter Power
Spectrum

f Yom, =3x03eV —
' ) ZmV:SXO.Be\’ ---------- |
= 10000 | _
N 02
L1000 ¢ =
z ' < 04t
= 3 y
~ o 10y Y m, =3x0.02 e\-"r — 061 —
Yom, =3%x0.3 eV wen
ol L =3x0s e L Y R S
0.0001 0.001 0.01 01 1 0.0001 0.001 0.01 0.1 1
k[AMpe™] F{hMpe™|

YSCMBS4  PPC 2024 | October 2024 10



Neutrino Masses: Oscillations

Minimum mass for normal
hierarchy: 0.057 eV,

for inverted hierarchy, it
is 0.096 eV.
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Neutrino Masses: Current constraints
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Constraints in a ACDM model.
DESI BAO Collaboration, arXiv: 2404.03002
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Constraints in a largely extended parameter space
with dynamical dark energy.
Roy Choudhury and Okumura, arXiv: 2409.13022
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Neutrino Masses: Forecasts
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« Strong degeneracy
exists between T,
and neutrino masses.

« CMB S$4 shall not
constrain T, well as
low-ell (large angular
scale) measurements
will not be there.

*  0(T,) = 0.001 has

been assumed in the
Treio Prior.
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Neutrino Masses: Forecasts

4
4

= 24 meV CMB-S4 4+ DESI BAO + Planck o(7)

>,
> — 14 meV CMB-S84 + DESI BAO + Cosmic Variance o(7)

My,

)
)

Since minimum mass sum for Normal Ordering is 0.06 eV and for Inverted Ordering is 0.1 eV,
a sensitivity of at least 20 meV is needed to rule out Inverted Ordering at 2o
if the true value of ¥m, = 0.06 eV.

YSCMBS4  PPC 2024 | October 2024 4



Neutrino Masses: Forecasts

+CMB $4

Strong degeneracy
also exists between
the dark energy
equation of state, w,
and neutrino masses.

These forecasts (68%)
already include primary
CMB S4 + DESI BAO
and a prior on T,

M, [meV]

= 54 Lensing
===+ 54 Lensing (polarization only)
= 54 Lensing x LSST (kpa = 0.15 /Mpc)

= 54 clusters (w/ LSST calibration)
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CMB S4 Reference Design Report (arXiv:1907.04473)
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Neutrino Self-Interactions
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» Here we consider neutrino self-interactions with scalar mediator mass of M >1 keV, in the
effective 4-fermion interaction limit (CMB temperature at decoupling is 0.26 eV, which is
far lower than the keV range).

« Simplified universal interaction: Lint ~ Gij ViV P, with g5 = g0ij

« The effective self-coupling, G = g?/M?, with G > G¢ (Fermi constant), so that they
remain interacting with each other even after decoupling from the photons at T~1 MeV.

« They remain self-interacting until the interaction rate falls below the Hubble expansion
rate.

« CMB data can put constraints on G;.

19~
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Neutrino Self-Interactions: Current constraints on G_ " «:“,..§‘
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Roy Choudhury, Hannestad & Tram, JCAP 10 (2022) 018
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Neutrino Self-Interactions: Forecasts on the
strongly interacting mode

B Planck 2018

CMB S4 can improve the bound CORE
by a factor of three compared i — CMB-54
to Planck. I ——— CV limited

)|\ \ W
=D —1.5
10g10 [Geﬁ'/MeV_2]

Das & Ghosh, JCAP 09 (2023) 042
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Other Areas -u5;‘..
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DM
annihilation
Ultralight Neutrino Mass
Axions & Warm DM
|_coupling |
Design Report

- _ (arXiv:
CMB lensing | CMB modulation | B-modes 1907.04473)

Light Relics

CMB S4

DM-baryon scattering

CMB-S4 will be able to probe light relics, axions, warm dark matter, and different
dark matter scenarios. The relevant mass to which the CMB is sensitive to is shown
for each case. The observable that drives the constraint is shown in different colors.
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Thank you for
listening to our
presentation.

Learn more at https://cmb-s4.org/



