Neutrino masses and dark forces

Zach Weiner ® Perimeter Institute -

GGl, September 5, 2025 PERIMETER
INSTITUTE

based on work with Marilena Loverde (2410.00090) and forthcoming



Neutrinos are main
characters in cosmology!

neutrinos and photons s
in 2:3 ratio by energy [SEER

]

N HALIYW RVa 3?8!95‘OJ~\
W04 SNOT1IAN

S %")

collisionless

X




Are neutrinos massive?

DESI’s first data release (2404.03002)
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where are the cosmological signatures of neutrino masses?

do neutrinos have “negative mass?”

Ve

Critical to understand all physical effects of massive neutrinos

* Impact on expansion history not negligible, is as important
as suppression of structure

* Distances and LSS jointly measure mass by constraining
effects on structure and geometry

Every challenge is an opportunity

* Something unknown in either fundamental physics or
observational systematics
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Massive neutrinos are “late-time” physics
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Steps to neutrino masses

1. Calibrate the initial conditions and densities
at recombination with CMB temperature
and polarization




Den5|ty ratios from recombination
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Second-best measured number in cosmology




Fixing the distance to last scattering
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Steps to neutrino masses

1. Calibrate the initial conditions and densities
at recombination with CMB temperature
and polarization

2. Extrapolate late-time dynamics
a) Relative distances as a function of redshift




Massive neutrinos distort distances

angular BAO scale
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Decalibrated extrapolation
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Steps to neutrino masses

1. Calibrate the initial conditions and densities
at recombination with CMB temperature
and polarization

2. Extrapolate late-time dynamics
a) Relative distances as a function of redshift

3. Infer neutrino mass that explains...
a) Increase in abundance of nonrelativistic matter



Neutrino mass from the acoustic scale
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Matter density deficit
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Supernovae measure distances, too!
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Discordant neutrino mass measurements
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Discordant neutrino mass measurements
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Steps to neutrino masses

1. Calibrate the initial conditions and densities
at recombination with CMB temperature
and polarization

2. Extrapolate late-time dynamics
a) Relative distances as a function of redshift
b) Growth of structure

LRG2




Neutrinos are fast




Massive neutrinos suppress structure

CMB lensing spectrum
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Steps to neutrino masses

1. Calibrate the initial conditions and densities
at recombination with CMB temperature
and polarization

2. Extrapolate late-time dynamics
a) Relative distances as a function of redshift
b) Growth of structure

3. Infer neutrino mass that explains...
a) Increase in abundance of nonrelativistic matter
b) Decrease in accumulated structure growth

LRG2




Reionization and large-scale polarization
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Discordant neutrino mass measurements
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What is the CMB lensing excess?
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The lensing excess
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Reionization and large-scale polarization

CMB lensing measures neutrino suppression via
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Pretending neutrinos don’t affect expansion
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Rescue neutrino masses by altering...

1. Calibration: modify prerecombination
physics, relationship between sound
horizon and matter densities

2. Extrapolation: modify postrecombination
dynamics of matter components

3. Inference: modify low-redshift dynamics
(e.g., of dark energy) that also affect
distances, growth of structure




Modified extrapolation with dark forces
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Growth deviation with a massless mediator

subhorizon /quasistatic limit:
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Dynamics of a massless mediator
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Growth deviation with a massless mediator
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Growth deviation with a massless mediator
dark energy
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The density contrast is not the observable
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Growth deviation with a massless mediator
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Growth deviation with a massless mediator
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Suppression of distances
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Suppression of structure
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Suppression of structure
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An amusing corollary: solving the “Sg” tension?
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