Axions and saxions from the
primordial supersymmetric plasma
and extra radiation signatures

[P.G.,Steffen, arXiv:1208.2951]
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® Origin of the saxion
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The Strong CP Problem

® The O-vacuum term is CP-violating
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® Prefactor is a sum of two independent quantities
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The Peccei - Quinn solution

[Peccei,Quinn, 77]

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

® Spontaneous breaking at fpq

@ Resulting Goldstone boson is the axion




Supersymmetric version

® [wo more particles: axino and saxion
® Saxion mass:
- SUSY requires superpotential to be holomorphic

[ )
. Turns real U(l) into a complex symmetry
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Coupling and




Saxion Couplings
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Models of PQ sector

® Focus on hadronic models

® SM-singlet PQ fields @i with charges g and
VEVs vi
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Saxion coupling to axions
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Relation of two PQ scales

® Kinetic term defines vpo
® Effective interaction defines fpo

® Relation via quark loop from superpotential:
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frq = V2upq

Peter Graf - MPP DESY Theory Workshop 2012,27. September 2012



Saxion Decay

® The saxion is unstable with decay width
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fpq
o Decay |nto aX|ons may be domlnant :
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Additional radiation




Additional radiation

® Radiation content of the Universe:
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Axions from saxion decay

® |If all of extra rad are non-thermal axions ...

ANelcf(T) o 77T2T4 Pa (T)

8 = L . .. & 1 s stV y M v -‘.. ’;P @ &5 ' ‘ - & N # "
. . = o e S gy & PR S } ! g A e ek ’ . =
P o :.5.1_',4‘ oy v Al A ) - M e 4L o A i ’ 720 i -
R 3




Thermal Saxions




Thermal Saxions

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

® Saxions may reach thermal equilibrium (depends
on Tr and frg)
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® |f they do not, still production via scattering
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Additional radiation at BBN
and CMB/LSS

Theoretical BBN prediction done with PArthENoPE

Data p.m./mean upper limit
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Extra radiation:
limits on saX|ons
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TR upper limits

Peter Graf - MPP DESY Theory Workshop 2012,27. September 2012



TRr limits (gravitino LSP)
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TRr limits (gravitino LSP)
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TRr limits (gravitino LSP)

® Gravitino LSP
constraints are severe

® For mg= |10 GeV,
Tr = 108 GeV,
fro=3-109°GeV:
ANeg = |
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TR limits (gravitino NLSP)

® |light axino LSP

® For mg= 100 GeV,
Tr= 1010GeV,
fro = 10'2GeV:
ANe = | (saxions)
ANt = 0.6 (gravitino)

® Axion CDM

Peter Graf - MPP DESY Theory Workshop 2012,27. September 2012



Axion energy density

® [hree different
populations:

® Thermally produced /
thermal relics

® Non-thermal from
saxion decay

® Misalignment

Peter Graf - MPP DESY Theory Workshop 2012,27. September 2012



Conclusions

® PQ mechanism introduces the axion
® SUSY provides flat direction for the saxion

® Production via scattering processes
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Saxions
non-relativistic at decay!

® Saxions are non-relativistic, if

: 11/3
W(T) = (o)) | 25723 7
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Saxions
decoupled at decay?

® Compare decay temp to decoupling temp
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Saxion yield

Y~ 1.2x%x 1073

Peter Graf - MPP DESY Theory Workshop 2012,27. September 2012



