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Ultralight Scalar Dark Matter
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Misahignment & Reliec Abundance
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Mechanism is simple, and entirely secluded.
| | 3H(TOSC) — m¢
Can be generated by inflationary
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Coupling To Right Handed Neutrinos

Gauge singlets (e.g. RHNSs)
couple to scalar dark matter ¢.

We will study a quadratic ¢ '

potential for definiteness. W W
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Distorted Neutrmo Osallations

An obvious probe of this kind of
coupling Is neutrino oscillations.
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Distorted Neutrmo Osallations

DiINO Bounds and Pro_iections for Solar Parameters
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DiINO Bounds and Projections for Solar Parameters
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Distorted Neutrmo Osallations
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Cosmological Blue-Shaft

There Is a problem with this simple model.
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Adiabatic Dy]laII]lCS Eigenvalues
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Relic Potenual

IT COSTS ENERGY TO
MAKE NEUTRINOS HEAVY
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Relic Potential

Bare Potential

----- Relic Potential

* Shape of potential
changes with

temperature.
* Neutrino density can
W 1] \\ Full Potential
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* Prevents zero \
crossing.




Interesting Consequences

Neutrinos are chameleons (change mass In supernovae).

Dark matter experiences temperature dependent potential.

Neutrino mass osclillates wildly in the early universe (but can
be prevented from crossing zero).

Dark matter can get "stuck™ at large field values.
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Aside: Red-Shifing A Scalar
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Large Negative Feld Values
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Large Negative Feld Values

Full Potential
Bare Potential

Relic Potential

Resembles a harmonic
osclllator with a hard wall.

1 Sy(p) S 1.3

Average Kinetic energy
IS higher.




Large Negative Feld Values

Hard wall becomes
inaccessible.

y(p) =~ 1

Red-shift resembles a
harmonic oscillator again.

Full Potential
Bare Potential

Relic Potential

-




Large Negative Feld Values
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Large Negative Feld Values
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Dark Matter Evolution
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Average Neutrmo Mass
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Qualitative Results
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Large Positive Feld Values

Full Potential /

Bare Potential

Shape of
potential Is very
different.

Relic Potential




SUPPOSE you have
enough energy to
‘crossover,

Light and heavy-
states switch roles

Dangerous Cosmologies
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Heavy neutrino
can Nnow decay
to light-neutrino.

Dangerous Cosmologies
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Dangerous Cosmologies

All heavy states
become light
states.

Shape of
potential "flips”.

Uy = Uy + ¢
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Large Positive Feld Values
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Summary

Misaligned dark matter generically has very large amplitude
osclllations in the early universe.

f coupled to neutrinos this can cause Majorana mass to vanish.

Relic potential from changing mass of background neutrino gas
s very large. Dominates dynamics.

Can alter cosmology of dark matter, neutrinos, and scalar
radiation.
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