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Infroducing the axion...

The axion is the pseudo Goldstone boson (pGB) of the

sponfaneously broken Peccei-Quinn U(1)aaf T~fa
[Peccei & Quinn (1977), Weinberg (1978), Wilczek (1978)]
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Infroducing the axion...

The axion is by precision cosmological
data for ma > 0.7 eV (f> < 8.6x10° GeV)

[Hannestad, Mirizzi, Raffelt & Wong (2010)]

However, this is valid only for cosmologically stable
axions!!!
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...and ifts relatives

The axion can be generalized: axion-like particles
(ALPs) are GB of eventual other spontaneously broken
global symmetries

Eeff: 1 1 ¢

—0, 00" d — —m2p® - FF" 4+
5 Ou®07 0 = omd” + b T

Roughly speaking we leave m and g=1/M as
independent variables
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Astrophysical & Cosmological bounds

Log,, m [MeV]

[D.C & Redondo (2011)]
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Late cosmology bounds

The decay of axions and ALPs would produce some

enfropy which would affect /v and nsthat we measure

through CMB

Two limit situation:

o LTE

e A(LP) domination
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P

Bound from Neg = - ( ; )4/3
T (&

11 P

2.70 at 68% C.L.
Nog > < 2.39 at 95% C.L.
2.11 at 99% C.L.

[D.C., Hannestad, Raffelt & Redondo (2010)]
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[D.C., Hannestad, Raffelt & Redondo (2010)]
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Pv
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[D.C. & Redondo (2011)]
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[D.C. & Redondo (2011)]
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Bound from Neg =

ALPs
decoupling
at QCD =
ph.tr.

v sfill
coupled

[D.C. & Redondo (2011)]
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Bound from BBN 1: D

(D/H)p > 2.1x107° (95% C.L.)

10" 10'8 10" 10%°

Hydrogen Column Density [cm™2]

[D.C., Hannestad, Raffelt & Redondo (2010)]
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Bound from BBN 1: D

(D/H)p > 2.1x107°
(95% C.L.)

[D.C. & Redondo (2011)]
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Bound from BBN 1: D

(D/H)p > 2.1x107°

(95% C.L.)
ALP

domination
during BBN

ALPs decay
before BBN: low Neff

[D.C. & Redondo (2011)]
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Bound from BBN 2: He

Higher p fixes
higher n/p

Higher n makes
D bottleneck
opening earlier,
thus less time
for n to decay
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[D.C.

& Redondo (2011)]

Yp < 0.2031
(95% C.L.)
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Bound from BBN 2: He
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[D.C.

& Redondo (2011)]

Yp < 0.2031
(95% C.L.)
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Summary

« Axions and axion-like particles can be
cosmologically unstable

 Their decay would leave some traces in the
history of the universe

* New cosmological bounds from Ner and BBN
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