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® The O-vacuum term is CP-violating
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The Peccei - Quinn solution

[Peccei,Quinn, 77]

® A global chiral U(l) ensures CP conservation
dynamically

® Spontaneous breaking at frq
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® Particles live in supermultiplets with equal
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Supersymmetric Axions

® SUSY relates bosons and fermions

® Particles live in supermultiplets with equal
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Supersymmetric Axions
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Properties of the Saxion

® Extremely weakly interacting
® Rather heavy (compared to the axion) ...
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Properties of the Saxion

® Extremely weakly interacting
® Rather heavy (compared to the axion) ...

- SUSY requires holomorphy of the superpotential
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Properties of the Saxion

® Extremely weakly interacting
® Rather heavy (compared to the axion) ...
- SUSY requires holomorphy of the superpotential
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Saxion Couplings

A= (s+ia)/V2+ V204 + 6°F [Strumia, 1 0]
V2a,

8’7TfPQ

Lo dOAW W?® + h.c.
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Saxion Couplings

= (s +1a /\/5 = \/5(9& 4 6° [Strumia, ‘10
V2a,

87TfPQ

d2OAW?W?® + h.c.
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Saxion Couplings

| couplings suppressed by |/frq

po = 6 x 10° GeV [Raffelt,‘08]
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Saxion Couplings

® All couplings suppressed by |/fro

Peter Graf - MPP YSW, 27. July 201 |
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Saxion Couplings

® |nteraction from the kinetic term:
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Saxion Couplings

® |nteraction from the kinetic term:

V2 bl | :
‘8M(I)‘2 — (1 | fPQ S 5(5)”@)2 —+- 5(5)#8)2 4+ ...

® |mportant for saxion decay:

Peter Graf - MPP YSW, 27. July 201 |
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Thermal Saxions

® Saxions may reach thermal equilibrium (depends
on Tr and fpq)

C s
Wt =

eq
" ~12x1073

S

® |f they do not, still production via scattering

102\ £ 1020 CeV )\ g
N
S % n( gs > ( frq ) (1010 Gev>

Peter Graf - MPP YSW, 27. July 201 |
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Saxion Yield

Ve~ 1.2 x 1073

Peter Graf - MPP YSW, 27. July 201 |
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Saxions from Coherent
Oscillations

(Fpy T) = (107, 10°) GeV

(Fp T) = (10", 10") GeV

(fpy Te) = (10", 10%) GeV

(fpy Te) = (10", 10°) GeV

(Fpy T) = 10", 10%) Gev

—— (£, T.)=(10", 10") GeV

PQ’ Ty

Peter Graf - MPP YSW, 27. July 201 |
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® The saxion is unstable with decay width
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[Chun,Lukas, 84; Kawasaki,Nakayama,Senami, 08; P.G.,Steffen, in prep.]
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Axions from Saxion Decay

[Chun,Lukas, 84; Kawasaki,Nakayama,Senami, 08; P.G.,Steffen, in prep.]

® Decay rate into axions dominates

® Focus on decay before BBN
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Extra Radiation

Si = fPQ

TR = 108 GeV

Peter Graf - MPP YSW, 27. July 201 |
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Conclusions

® PQ mechanism introduces the axion

® SUSY provides flat direction for the saxion

° Cosmology of saX|on depends on decay channels
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® Decay during BBN:

of proton - neutron ratio via pions
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No Axions
from Saxion Decay

® Decay during BBN:

® Change of proton - neutron ratio via pions
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No Axions

from Saxion Decay
® Decay after BBIN:

® Only decay into photons possible

° Addltlonal photons may dlstort blackbody
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No Axions

from Saxion Decay
® Decay after BBIN:

® Only decay into photons possible

® Additional photons may distort blackbody
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No Axions

from Saxion Decay
® Decay after BBN:

® Only decay into photons possible

® Additional photons may distort blackbody
ec L} m Of CMB
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® Release of entropy
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No Axions
from Saxion Decay

® Decay before BBN:

® Release of entropy

° P055|ble S|gn|fcant C|I|Ut|0n of partlcles not in
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® Decay before BBN:

® Release of entropy

° P055|ble S|gn|fcant C|I|Ut|0n of partlcles not in
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