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FINE-TUNING IN SM

Gauge Hierarchy Problem:
In the SM,

m%z, < A2 (N M(2}UT Oor M%lanck)
Quantum correction on Higgs mass Is quadratically divergent,
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Introducing SUSY,
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Strong CP problem:
QCD O-term, ;=6
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osenerating CP-violating interaction,
Crewther et al.
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Introducing anomalous U( ) PQ symmetry,
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Combining SUSY & PQ naturally solves GH & strong CP prob.



SUSY AXION

Axion supermultiplet contains
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Typical axion Window: 109 GeV < vpo < 10'2 GeV
(But larger vpg ~ 10 GeV |f 6; <<1)

= tiny Interactions, long life-time

Negligible for LHC, but important for Cosmology



SAXION COSMOLOGY

Mass of Saxion:

SUSY (holomorphicity) complexities U(1):
Saxion mass from SUSY breaking, — ms ~ majs ~ mgot; ~ TeV

For GMSB, saxion mass Is generated by higher loops, ms < mso ~ TeV

Production of Saxion:

by thermal scattering (KSV.Z): DFSZ o< f1
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by coherent oscillation:
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If the dominant mode Is s — aa Graf, Steffen

= provides the dark radiation, constrained by CMB data.
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Similar to axion CDM,  fa £ 10" GeV — 10" GeV



f the dominant mode Is s — gg(vy)

= produces large amount of entropy, dilutes existing relics

For 1 MeV <Tp <1 Gev, CO axion Is diluted.
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[T saxion Is heavy enough to decay into sparticles, It also
contributes neutralino abundance.



AXINO COSMOLOGY

Production of Axino:

by thermal scattering (KSV/): by thermal scattering ana
. 3) decay (or inverse decay) (DFSZ):
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Non-thermal production from out-of-equilibrium decay

€.9. s—aa, x—>7a
Mass of Axino:

mass generated by SUSY breaking, ma ~mj)»

[t 1s highly model-dependent, and can be as light as keV or

| Ightel” Chun, Kim, Nilles
LSP Axino: non-LSP Axino:
(hot/warm/cold) DM, decay after LSP freeze-out

NLSP decay modifies feeds neutralino abundance:
cosmological observables °Q augmented DM,

(like saxion), Hossible entropy production
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Feng, Rajaraman, Takayama; Kawasaki, Kohri, Moroi;
Jedamzik, Lemoine, Moultaka; Baer, Box, Summy;
Choi, Choi, Shin

In any case, CO axion can be a (dominant) part of DM.



AXxino DM:

Choi, Choi, Shin

Produced by late decay of saxion

Axino contributes to the warm dark matter;

.e. A\rgs = 0.2 —1.3 MPc
mg = 0.20m
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Decaying Axino:

Axino decay after neutralino freeze-out enhance DM
abundance.
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SUMMARY & IMPLICATIONS

» SUSY axion solves both GH & strong CP prob.

* Due to the suppressed interactions, saxion & axino are long-
ived and affect cosmological observations (BBN, CMB, etc.).

- Late decay of saxion can provide a source of DR as well as
large amount of entropy (visible energy). It can also produce
extra neutralinos.

* AXINno can be erther DM or decaying particle. Stable axino can
be a good WDM while Decaying axino feeds neutralino DM
abundance.



Implications for future research:

» SUSY models with standard underabundance can provide the
right amount of DM (mostly neutralino or neutralino/axion
admixture)

- SUSY models with standard overabundance are possibly viable
i neutralino decays into light axino (SWIMP) or 1t is diluted by
saxion decay.

» Large PQ scale region, 10" Gev < f, < 10'° Gev Ccan be viable,
experimental method for high PQ scale would be investigated.
<e-g- mO|eCU|ar interfercme-tFY) Graham and Rajendran



