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ρR = ργ + Nνρν + ???

"Radiation" Neutrinos Dark Radiation

◮ Or: Neff =
Nνρν+ρX

ρν
→ 3.04 (SM)

Neff and CMB:

• Affects expansion rate

→ shifts peak

• Changes time of matter-radiation equality

→ enhances 1st and 2nd peaks

• ...
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◮ What if the excess is real?

• New relativistic species at T & eV

• mDR . eV (usually) → suppressed interactions with SM

• DR candidates: (light) sterile neutrinos, gravitinos, axions, ...
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◮ Non-thermal production?
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How are saxions produced in the early universe?
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ã

g̃
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◮ Coherent Oscillation Production of Saxions:
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◮ Current CMB data starts to become sensitive to SUSY axion models

◮ In the mixed axion/neutralino DM scenario:

• TP of saxions is still unconstrained...

...will start to be probed by Planck data

• Large CO saxion production is already excluded by ∆Neff < 1.6

(fa . 1013 GeV)

• ∆Neff < 1.6 → ΩZ̃1
h2 > ΩMSSM

Z̃1
h2

→ DM ∼ Z̃1 (WIMP Signal)

◮ If Planck confirms the excess in ∆Neff :

• ”evidence” for CO saxions (large fa → ADMX)

or

• axino LSP → no WIMP signal!
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Cosmological Evolution

◮ Thermal Production:
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CMB Constraints

◮ Scan over parameter space:
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Experimental Constraints

L. Rosenberg’s talk @ Axions 2010, UF
J.L. Hewett et al., arXiv:1205.2671



Dark Matter and Dark Radiation

◮ Bino LSP (ΩMSSM
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Dark Matter and Dark Radiation

◮ Higgsino LSP (ΩMSSM

Z̃1
h2 < 0.11)
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Supersymmetric Axion

◮ Axion production: coherent oscillations** (CDM)
T ≫ ΛQCD: ma = 0

ρCOa = 0

T ≪ ΛQCD: ma 6= 0

ρCOa ∝ V(ai) = m2
aθ

2
i f

2
a

◮ CO behave as cold matter (ρ ∝ R−3)

◮ Saxions can also oscillate, if θs 6= 0

◮ θi is a random number of order 1
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