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we learn from N-body simulation :

DWW must be matter and everywhere!

we also learw from particle plhysics

Tf PWM is matter,
DPW particles must be ab

& 10
be identified in the lab!
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Collisional or
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There are so many DM
models Llocaked ok
different mass scales.

A few particle dark matter theories:

axion

sterile neutrino

SUSY DM

neutralino in MSSM
Bino/Wino/Higgsino/Photino
sneutrino

gravitino

decaying gravitino

gravitino with large messenger
mass

= split SUSY DM

+ bound states for Sommerfeld
enhancement

= bino in E;SSMwith massless
inert singlets

neutralino from axion decay
NMSSM DM

mixed axion/neutralino
invisible photino

etc., etc. etc.

Kaluza-Klein DM

leptophilic DM

leptophilic from non-abelian discrete
symmetry

asymmetric DM

scalar singlet DM

superGUT unified

mirror DM

« non-thermal from decay of moduli
* resonance with momentum
dependence

= helicity modification due to QED
corrections

« dipole moment interacting DM

» dark instanton

* bosonic gas DM

= anti-baryonic

« ultra-light bosonic DM

« invisible photine

* T13 flavor symmetry decaying DM
* hydrodynamic vacuum DM

« dilatation anomaly DM

« bulk viscous unified DM

+ ELKO field DM

« two singlet DM

* cosmic braneworld ultra-light DM
» superheavy quark clusters

+ luxino

= non-canonical kinetic term DM

« branes filled with scalar fields

* real gauge singlet

+ Higgs portal

» number theory DM

+ asymmetric sneutrino

+ modified Ricci model DM

* vacuum solitons

* complex singlet scalar

= D4 x Z2 flavor group DM

+ non-minimal KK DM

« axion portal cascade

-].iﬁht (MeV mass) DM

& acting DM
isospin violating DM
inert Higgs
skyrmion in littlest Higgs
model
techni-dilaton DM
type-1I seesaw mSUGRA DM
vector DM
goldsini
WIMPless DM
inert triplet DM
vacuum solitons

BEC from U(1) symmetry

eXciting DM (XDM)
inelastic DM (iDM)

flavor SU(3)Q triplet/singlet
isospin violating

axion-like repulsive DM

D6 flavor symmetry

warped Radion

G2-MSSM

gauged right-handed neutrino
integration constant Horava
DM

tensor-four-scalar

scalarons in Ra gravity
secluded DM

etc., etc., etc., efc., etc.
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Similarity to Bayesian theory

Prediction error
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| : Posteiion Likelihood
Model parameters Pn% :
Uncertainty lff i \% i Noise
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Expectation Estimate Reality

DM particle model Experimental data



The of the thermal WM “Wiracle”

* Belief 1: DM cannot strongly couple to SWM
atoms, otherwise we have seen i+ already.
 Belief 2. The early universe (T>wm) was at

very high temperature and thermal

eduili brinm. [Dinosaur ~ fossils + alligator |

 BBN is successful theory, —[PMoroedonsity+Ben_ |

e We can learn DM nature from its relic density.
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Thermal dark matter
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SI DM-nucleon cross section
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Lower energy or
higher exposure?

* p-wave
 Resonance
 Forbidden DM

Velocity dependent annihilations!

DM mass [GeV/c’] “*Way I'(Today's talk)



Velocity dependent annihilations
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® M, > Mg
The dominant DM annihilation channel is X — aa which is p-wave. The photon energy spectra are a box-shape
due to Lorentz boost, especially for m, > m,.

e Resonance annihilation (2m, ~ m,):
The annihilation cross-section of xY — 7y can undergo a large enhancement through an a-resonance. In the
rest frame, its photon spectrum shapes as a monochromatic line, but this feature can become distorted under

a high acceleration of DM particles. To characterize the resonance nature, we utilize R,, = \/ 1 —4m2 /m2

instead of m,, itself.

e Forbidden annihilation (m, < m,):
The annihilation process is also XY — aa, albeit with m, < m,. Essentially, forbidden annihilations cease when
the kinetic energies of DM particles fall below threshold energies. The shape of the energy spectrum varies,
either monochromatic or continuum, depending on the mass splitting Am = m, —m,,. If Am exceeds a certain

These three
velocity dependent
scenarios might
be interesting for
post-WIWTP epoch.



Accretion-Enhanced Dark Watter velocity
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G = Gun(t) (*)

52 frequency shift to test DM
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~ Accretion- Evnhanced DM aunihilation?
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Model: an axion-portal dark matter
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What will happen if DM awnihilation vear
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What will happewn if PM awnihilation vear

Sor

A*? (2) photon spectra
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Summary

*We know nothing but gravity about dark matter.

*|t is nature to expolre dark matter interaction
strength as long as it is matter.

*We need to find an anomally beyond what we
expected (LCDM, the SM, and GR)

*We propose a spectrum shape analysis for

searching three types of suppressed-annihilating
DM.
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