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# Who's afraid of Cold Dark Matter

Missing satellites problem

Central density cusp vs flat core controversy
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WDM patches up small-scale structure
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Thermal streaming of WDM erases
structure on smallest scales

King (cored) profile + phase-space
bounds
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Sterile Neutrinos: A natural” keV WDM particl

&

Standard model has no v masses
Can add Dirac mass [;V,mass = MpDVRV]

Adding heavy v can explain observed

masses. o -
Ly mass = MDpVRVL + MRVRVR

2 ~
mi ~ mp/mg Mo >~ MR

Lighter (keV) Majorana v can still explain v masses
‘Sterile’ Vr does not directly interact with SM particles

Sterile  mixes with active v

Pa_>s X Sin2 20 0 ~ mD/mR
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Making sterile neutrinos in the primordial fireball

Out of equilibrium!

001

Ordinary Neutrinos
thermally produced
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Sterile neutrinos produced by oscillation from SM neutrinos
I ~ G2T° sin? [0y] /2

Real mixing suppressed by leptons/hadrons in plasma

Full Boltzmann treatment yields:
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Making sterile neutrinos in the primordial fireball

Out of equilibrium!
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Sterile neutrinos and small-scale large-scale structure
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Sterile neutrinos and small-scale large-scale structure
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Sterile Neutrino decays
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Sterile neutrinos and reionization

Generic WDM scenario suppresses
low mass halos (Yoshida/Sokasian
2003) Tmax =~ 0.0

Decaying WDM (a sterile neutrino)
would produce additional XRB

This could hasten reionization (Mapelli
and Ferrara 2005) but doesn’t cut it!

An additional ionizing background
changes star formation!
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Figure 8. lonization fraction (top panel) and T homson optical
depth (bottom panel) due to radiatively decaying neutrinos of
masses 2 (solid line), 4 (dotted line), 8 (dot-dashed line) and 14
keV (dashed line). T he solid thin line indicates: in the top panel
the relic ionization fraction (Tegmark et al. 1997); in the bottom
panel the T homson optical depth due to relics.
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The temperature evolution of a molecular cloud

dT T d Td T d ~ 1A
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n, dz pdz v—1Dz npkHo(1+z)\/QA+Qm(1+z)3
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The temperature evolution of a molecular cloud

dT T dn, T du T dvy (v—1)A
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The temperature evolution of a molecular cloud
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The temperature evolution of a molecular cloud

dT T d Tdy T d ~1)A
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Heating Cooling
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Recombination Cooling

Photo-ionization by CMB Collisional excitation of H lines

Collisional ionization by electrons (Collisional excitation of Hy transitions)

Bremsstrahlung

Heat of formation of Ho
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The temmberatiire evolution of a molecular cloud

with sterile neutrinos
(
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The (crude) chemistry of molecular clouds

Two formation chains for molecular
hydrogen e~ + H — H™ 4+~ H++HHH2++7
H™+H— Hy+e Hj +H — Hy+ H*

Photo and collisional dissociation of Ho

Photo and collisional ionization of H, recombination
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The (crude) chemistry of molecular clouds

Two formation chains for molecular
hydrogen e~ + H - H  +~ HY+H — Hf +~
H +H—->Hy+e Hf+H— Hy+Ht

Photo and collisional dissociation of Ho

Photo and collisional ionization of H, recombination

( Neutrino decay products included in photoionizing background )
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Other ingredients

Model stelen adapted from Tegmark, Silk, Rees 1997
Spherical top-hat collapse until shortly before 2y,

Temperature rapidly ramped up to T4,

4 x 10° Mg & 10'° M, halos
Zir — 100 & ir — 20

Halo “fragments if” T" (0.752yi;) < 0.757 (2yir )
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The big picture
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Results: Gas temperature
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Results: Ionization Fraction
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Results: H-> abundance
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Results: H-> abundance

PUNCHLINE: DECAYING STERILE NEUTRINOS
ENABLE LOW MASS HALOS TO COOL
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No modeling of actual star formation and ionizing
background from stars

No realistic assessment of how this changes ionization
history of universe

Actual halo population/ effect of free-streaming not modeled

Unrealistic modeling of virialization (shock-heating/cooling
ignored)

Enhanced local radiation field not included
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Closing thoughts

Be afraid, be very afraid of sterile neutrino
participation in reionization, and enjoy the
Halloween party



