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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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HRME @IRA in 1970
* Vera Cooper Rubin
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Gravitational Lens in Abell 2218 ~ HST - WFPC2

PF95-14 - ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA
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gauge interaction
matter fermions
Yukawa interactions
Higgs potential
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Dark matter particle candidates
DM particle mass  T1V DM |
GeV-Tev | CDM (10GeV ~ 1TeV)

vtn =~ 0km/s _ _
(cf. self-interacting DM)

WDM becomes non-relativistic earlier than CDM:;

|~ 0.03km/s |SUPPress perturbation at galactic or smaller scales

(gravitino, sterile neutrino,...)

. HDM remains relativistic until late time, and erase
- vgp ~ 30km/s structures at super-galactic scales.

standard QCD-axion

FDM (axion-like-particle, dark/hidden photon, etc)
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— DDA L (F1=H NE#H) =55, SUSY WIMPs

* Minimal Supersymmetric Extension of the Standard Model
- ZNFREEROBBELAERTESELT EH5E

Nuclear Physics B238 (1984) 453-476

SUPERSYMMETRY

SUPERSYMMETRIC RELICS FROM THE BIG BANG*

John ELLIS and J. 5. HAGELIN

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305, (

D. V. NANOPOULOS, K. OLIVE', and M. SREDNICKI*
CERN, CH-1211 Geneva 23, Switzerland

Received 16 September 1983
(Revised 15 December 1983)

We consider the cosmological constraints on supersymmetric theories with a new, stable e . Hepong . FRiree prikics i J itz g EEE;‘:EE

particle. Circumstantial evidence points to a neutral gauge,/Higgs fermion as the best candidate for

this particle, and we derive bounds on the parameters in the lagrangian which govern its mass and » »

couplings. One favored possibility is that the lightest neutral supersymmetric particle is predomi- Stﬂﬂdﬂrd pﬂrt]_c‘es SI_TSY partl{fles

nantly a photino ¥ with mass above | GeV, while another is that the lightest neutral supersymmet-

ric particle is a Higgs fermion with mass above 5 GeV or less than O(100) eV, We also point out

that a gravitino mass of 10 to 100 GeV implies that the temperature after completion of an

inflationary phase cannot be above 10" GeV, and probably not above 3 X 10'* GeV. This imposes

constraints on mechanisms for generating the baryon number of the universe, _ B + + +
X = a:Ws3 +azH; + ayHy
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Collider Indirect search
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Super-Kamiokande
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DM kinetic energy = mev
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https://arxiv.org/pdf/2203.08297.pdf

Inelastic interactions:

* DM — electron scattering

* DM — nucleus scattering with Migdal
* DM scattering with collective modes
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