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The presence of DM has 
been firmly established.

However, we do not know 
what DM is made of.

Dark Matter

Baryon
Dark matter
Dark energy

⌦DM ' 0.26



✓What is DM? 
-Why long-lived? Symmetry, light mass, or very weak int.?  
-How produced? 
-Cold or warm? Non-gravitational couplings? 
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✓Non-linear gravitational evolution 
✓DM distribution in dSphs, galaxies, and clusters. 
-Any tension with LCDM and N-body simulations? 

✓Any relation with inflation and/or DE? 
✓Any predictions for exp. or obs.?

✓DM density perturbations 
✓DM decay/annihilation

See talk by Okamoto

See talk by Torii
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• Kazunori Kohri (KEK) 

• Fuminobu Takahashi  (Tohoku) 
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34 papers (Apr. 2017 - present), 98 papers in total 
from A02 group.

Papers



Workshop

36 participants



Highlights
•Formation of PBH DM (Kawasaki) 

•CMB bound and abundance of PBH (Kohri) 

•Perturbation theory kernels (Taruya) 

•Axionic unification of inflation and DM (FT) 

•Discovery of new ultra faint satellites and 

dusty dwarf galaxy (Chiba) 

•Dark matter detection (Ibe) 

•Enhanced         in GUT w/ U(1)H (Yokozaki)

See talk by Kawasaki 

See talk by Taruya
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See talk by Chiba



PBH?

See talks by Suyama, Kawasaki 





Axion?
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U(1)H GUT with QCD axion
Consider U(1)H gauge symmetry which has a large kinetic mixing with U(1)Y

[arXiv: 1801.10344, Daido, FT, Yokozaki, 2018]

Peccei-Quinn field

Electromagnetic anomaly has a 
large extra contribution

(qH=-1)
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◆Axion-photon coupling:

http://arxiv.org/abs/arXiv:1801.10344


Gauge coupling unification w/ U(1)H
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Axion photon coupling

Axion-photon coupling is enhanced by a factor of 10-100, compared to 
the GUT axion model without U(1)H (E/N=8/3).  

The enhanced coupling can be tested in on-going and future experiments.

[arXiv: 1801.10344, Daido, FT, Yokozaki, 2018]

http://arxiv.org/abs/arXiv:1801.10344


Axionic unification of inflaton and DM
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