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The presence of DM has
been firmly established.

However, we do not know
’ ® Baryon

what DM is made of. ® Dark matter
® Dark energy



v 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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v DM density perturbations

v DM decay/annihilation
See talk by Torii

v Non-linear gravitational evolution

v DM distribution in dSphs, galaxies, and clusters.

- Any tension with LCDM and N-body simulations?
See talk by Okamoto
v Any relation with inflation and/or DE?

v Any predictions for exp. or obs.?
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34 papers (Apr. 2017 - present), 98 papers In total
from AOZ2 group.

WRIMING: THE THING THAT HAPPENS IN BETWEEN EXHAUSTING
YOUR DEADLINE AND EXHAUSTING YOURSELF.

WWW.PHDCOMICS.COM



This workshap is supported by

Workshop on Beyond Standard Model and the Early Universe
25-27 October, 2017, Tohoku University, Sendai, Japan
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Highlights

-Formation of PBH DM (Kawasaki) see talk by Kawasaki

-CMB bound and abundance of PBH (Kohri)

-Perturbation theory kernels (Taruya) see talk by Taruya

- Axionic unification of inflation and DM (FT)

-Discovery of new ultra faint satellites and

dusty dwarf galaxy (Chilba) See talk by Chiba

-Dark matter detection (lbe)

-Enhanced ga~~ In GU

w/ U(1)H (Yokozaki)



l See talks by Suyama, Kawasaki




CMB bound on PBHs with disk-accretions

Poulm Serplco Calore, Clesse, Kohri, arXiv:1707.04206
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A non-spherical accretion disk
around a PBH, which is inevitably-
formed by angular momentum
conservation, definitely emit
radiation. From the current CMB
observations, we can constrain
the number density of PBHs.

Abundance of PBHs formed in MD
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Harada, Yoo, Kohri, Nakao, arXiv:1707.03595

Abundances of PBHs formed in
MD are highly-suppressed by non-
zero angular momentum. It is
notable that the abundances are
still larger than those formed in

RD for smaller perturbation with
5p/p< 0.1
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in the fresh scent of a juicy lime.
« Available in paste and gel format.
« Sizes available: 200g, 350g, 750g, 300g gel

Green Tea
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« Provides powerful grease removal
rformance with 99% antibacterial action
om the fresh scent of Green Tea.

« Available in paste format only.
« Sizes available: 350g, 7509

« Provides powerful grease removal performance

« Provides powerful grease removal
performance in the fresh aroma of lemon.

» Available in paste and gel format.
« Sizes available: 200g, 350g, 750g, 300g gel
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« Provides powerful grease removal
performance with anti odor action in the
scent of Lime Pandan.

» Available in paste format only.
« Sizes available: 7509

*Based on 2011 Consumer Research



Detection

Production

Terrestrial Celestial Cosmological
LSTW, Solar axion Axion DM
ADMX, CAPP,ORPHEUS
G| [ oONP | CASTIAXO, | wbuatiCa,
) : r,
ALPS, PVLAS TASTE
= : ’ LUX XMASS,
A SAPPHIRES EDELWISE. XENON100
- - |Isocurvature, DR, HDM
. Excessive cooling St ’
Fifth force caustics, Spectral irreg.
"5 ot WD, RGB, HB, transparencv
9_9 ARIADNE and NS Fermi, Chandra, IACT
O CMB, lensing, shear
= a : AN
@ co . ﬁ
g




Detection

Production

Indirect
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U(1)n GUT with QCD axion

Consider U(1)n1 gauge symmetry which has a large kinetic mixing with U(1)y
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[arXiv: 1801.10344, Daido, FT, Yokozaki, 2018]



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

Axion photon coupling
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Axion-photon coupling is enhanced by a factor of 10-100, compared to
the GUT axion model without U(1)n1 (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
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Small-scale structure
constraint on ALP CDM
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Small-scale structure HDM constraint on
constraint on ALP CDM thermalized ALP
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Small-scale structure HDM constraint on
constraint on ALP CDM thermalized ALP
109 ¥

10710 §

% 1011 S e o S IS
5 - Succes_sful
— : reheating
C 107k
< ' &
= & o S
10-13 L \Q j N </O
! cév N . O@
| 0 79 S
SO B 77, OSK
S D U, Y
10714 7

1074 103 102 107 10° 10' 102 10°
There is a hint for excessive cooling

of HB stars, which Sug_geStS , m¢ [€V]

Jory = (029 £0.18) x 107 GeV ™
Ayala,et al, 1406.6053, DESY- PROC-2015-02



Small-scale structure HDM constraint on
constraint on ALP CDM thermalized ALP
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Small-scale structure HDM constraint on
constraint on ALP CDM _thermalized ALP
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Axions and inflation
5.1 Axion hilltop inflation 28
5.2 Rcheating of the ALP inflaton into photons 29

i 5.3 The ALP miracle: axionic unification of inflaton and DM
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