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Cosmic surveys offer a unique window into fundamental physics, particularly the physics
striking example, the recent results from the Dark Energy Spectroscopic Instrument (D
constraints on the sum of neutrino masses, nearly excluding the entire range of mass:
measurements. In this colloquium, | will review what we have learned about cosmic neu
then discuss this confusing situation, the status possible explanations for the current d
Standard Model physics.
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New Physics & Cosmology

Cosmology fundamentally tied to model building
. Cosmological Constant

. Dark Matter / Dark Sectors

- Solution to strong CP problem (axion)

. Cosmological solutions to Hierarchy Problem
- Relics from new symmetries (e.g. gravitino)

- Origin of structure, baryogenesis, B-fields, ...
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New Physics & Cosmology

Observations are relevant to:

. Cosmological Constant

. Dark Matter / Dark Sectors

- Solution to strong CP problem (axion)

. Cosmological solutions to Hierarchy Problem
- Relics from new symmetries (e.g gravitino)

- Origin of structure, baryogenesis, B-fields, ...
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arXiv: 1907.04473
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Dark Sector Candidates, Anomalies, and Search Techniques
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New Physics & Cosmology

Cosmology competes head to head with the lab
. Detect dark matter at 1200

- Detect cosmic neutrino background at 300
Neither has been seen in the lab

Superior sensitivity arises because of

(1) high T / number density in early universe

(2) large gravitational influence at recombination
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We see these dark sectors through gravity

Can’t hide the signature by changing the coupling
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Cosmic Neutrinos
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ic Neutrino Background

Cosmology sensitive to the neutrino energy density

Conventional to define

Perfect decoupling : Neg = 3.
Imperfect decoupling + QED :  N_g = 3.0440 + 0.0002

Bennett et al. (2020)
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Image from Planck
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Angular scale
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Co%:gic Sound
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dy = Az coscskT + BESJH.CSkT

Absence of sine term comes from producing
fluctuations long before recombination
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smic Microwave Background

Diffusion!
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smic Microwave Background

Damping drives the constraints for ACDM + Ng

Neg = 2.99 £ 0.17 (TTTEEE + BAO + kk)

Planck 2018
What is the meaning of this measurement?
Measurement is interesting (my definition)

A different result can arise from plausible BSM physics
without contradicting other measurements / experiments
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Light Relics

Any light thermalized particle looks like a neutrino

If a light particle decouples at temperature Tr

Only diluted by annihilation after decoupling

—14

Light relics degrees of freedom

Standard Model degrees of freedom
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