Ax1on phenomenology

Recap of Strong CP problems and axions. Peccei-Quinn sectors
Couplings of axions to photons
Search for solar axions

Axions as possible dark matter candidates



Strong CP problem and axions
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The need for UV completion.
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Peccel-Quinn symmetry
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Derivation of axion mass and coupling to EM
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Derivation of axion mass and coupling to EM
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Stellar energy loss to axions
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Solar axions N
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Mixing of axions and photons in external B
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CAST limits on g,

Notice additional exclusion from gas filling

\

o | |
Nﬂogr- \

SUMICO

10—11 Lol | Lol | Lol !
10 10 1

maxion

(eV)



Constraints on solar axions from Xenon 100

XENON100
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[AXO?

Significant gain over CAST
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"Hints” on ALPs and axions

" TeVtransparency

ALPs Dark Matter
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New hints on ALPs: anomalous transparency of the Universe to the
TeV gamma rays; anomalous cooling of neutron star in Cas A(?);
preference for extra energy loss channels by comparing HB and
RGB stars 1n globular clusters etc. (After A Ringwald’s talk)

13



Cosmological evolution of a massive scalar
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Cosmological evolution of axion field
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“Axi1on haloscopes™
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WIMP phenomenology

WIMP abundance via the annihilation cross section
Example with the Higgs-mediated scalar dark matter

Scattering on nucle1. Perspectives of direct detection.

WIMPs with extra mediators. Secluded WIMPs
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Expansion-stopped self-annihilation
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Lee-Weinberg window on WIMPs
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1
Higgs-mediated dark matter example
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Simplest models of Higgs mediation
Silveira, Zee (1985); McDonald (1993); Burgess, MP, ter Veldhuis(2000)

DM through the Higgs portal — minimal model of DM
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125 GeV Higgs is “very fragile” because its with is ~ y_ 2 — very small

R = I'sm modes’ T sM modesT] DM modes)- L1€ht DM can kill Higgs boson easily
(m1ss1ng nggs I': van der Bij et al. 1990s Eboli, Zeppenteld,2000)
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Higgs-mediated dark matter example
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Nuclear recoil from interaction with WIMPs
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Nuclear recoil from interaction with WIMPs
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Updates on the minimal Higgs-mediated model:
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Figure from Cline, Scott, Kainulainen, Weniger, 2013.

Direct detection 1s competitive with the Higgs constraints.

New generation of direct detection can probe up to TeV scale WIMP
masses.

Higgs portal may lead to other forms of dark matter, e.g. based on the
non-Abelian “dark group”, Hambye, 2008. 27



WIMP-nucleon scattering cross section
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WIMP-nucleon cross section ( zb )

Progress 1n direct detection of WIMPs
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