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My talk:  “The case for particle dark matter”



14th UCLA DM meeting (2 year cadence)

• First, 1994 in Santa Monica (Bel Air).  “Critique of the Sources of Dark 
Matter in the Universe.”

• Moved to Marina del Rey (aka Venice Heights) for a few symposia
• 1998:  Announcement of the accelerating Universe
• 2000:  Now, the International Symposium on Sources and Detection of Dark 

Matter and Dark Energy in the Universe.  
... 
• 2016:  at UCLA (first without David Cline)
• 2018:  at UCLA

Covid break
• 2023:  UCLA Dark Matter is back, better than ever!  Amazing meeting



The Dark Matter and Dark Energy questions 
as articulated, circa 1994 to 201x
• Dark Matter:  What is the constituent of dark matter?

• Light neutrino

• WIMP/neutralino

• Axion

• Dark Energy (1998 – ):  What is the nature of dark energy? 
• Vacuum energy (w = -1 and wa = 0)

• Quintessence

• Modified gravity



BBN (D, D + 3He): 
ΩBh2 = 0.015 to 0.025

→ ΩB < 0.1 
vs.

Mass-to-light ratios and 
peculiar velocities:

ΩM > 0.1 to 0.2
NB. Inflation:  Ω0 = 1.0
H0 = 100h km/s/Mpc

1994: the evidence for nonbaryonic DM



2023:  Dark Matter Centerstage

• Dark matter is a portal to a world of new particles and forces and how they 
fit together

• Dark matter is a window to the earliest moments of the Universe
• Highest temperature, thermal history, epoch of inflation, …

• Dark matter shapes cosmic structures and is critical to the detailed 
understanding of the story of stars, galaxies and us

• Dark matter and atomic matter have similar mass densities; why?  What 
else?

• Dark matter has inspired (and borrowed from) new detector technologies
• Smaller detectors: n ⍺ 1/m
• Smaller energies and momenta: p, E ⍺ m
• High occupancy (m << eV) → coherent effects!



CMB & BBN
ΩBh2 = 0.0222 ± 0.0002

vs.
CMB/SDSS/DES/BOSS
ΩMh2 = 0.143 ± 0.001

> 50σ discrepancy

Today:  airtight evidence for 
nonbaryonic DM (or a big problem)



Neutrinos 
contribute a 

few 0.1%

… and don’t forget the 
ones who brought you to 

the big dance

Full Court Press!!
• Produce at LHC

• Detect particles in our halo

• Detect annihilation products

But where is the WIMP?







Zeno (Roberto Peccei) and his Lady Jos
at UCLA from 1989 to 2020: Distinguished scholar, Chair, 

Dean and Vice Chancellor for Research

Grandparents of the axion:  
Roberto and Helen Quinn
They made it all possible!

https://www.pa.ucla.edu/peccei-memorial.php

Frank Wilczek:  Roberto made the world a better place while he was with us. He 
exuded warmth, enthusiasm, and generosity. His contributions to the substance of 
science and to its community live on.



Dark Matter:  this?

The dark matter particle
WIMPs or axions

Stars



Dark Matter:  or that?

The dark sector

Dark Matter



Tait



Tait



Zurek





A complicated Universe

• Atoms :  Democritus to 1964

• + photons:  1964

• + neutrinos (e, μ):  1967

• + exotic dark matter:  1981

• + CDM: 1983/4

• + massive neutrinos:  1998

• + dark energy:  1998

• + τ neutrino: 2000

• Done? Not likely!

• Why is ΩCDM/ΩB ≈ 5?

I.I. Rabi
Who ordered that?

How much room for more:
• UR: ~0.2CMB

• NR: ~0.1crit

• Other leftovers: ??



• Combinations of 
fundamental 
constants?

• Similar asymmetries 
and masses?

• Accident?
• cf. Milgrom’s Law (DM 

“kicks in” at a = cH0) 
or CMB energy vs. 
stellar free energy



Precision Cosmology!

Precision Cosmology
is Hard

Accurate Cosmology
is even Harder!

Powerful tool
Team sport: 

theorists, 
builders and 

analysts

H0 again!



Landau on Cosmologists

Often in Error, 
Never in Doubt!
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Precision cosmology –
once an oxymoron – with 
its large, high quality 
datasets is now probing 
dark matter and dark 
energy in unprecedented 
ways



2023:  Cosmic Acceleration

• When and why is gravity repulsive?

• How are inflation and today’s accelerated expansion related?

• Are there other epochs of cosmic acceleration?

• What does cosmic acceleration tell us about the destiny and origin of 
the Universe?

• What is nothing and how much does it weigh?

• Signatures beyond the expansion rate

• NB:  dark energy is merely the cause of the current epoch of cosmic 
acceleration



Names matter:  from Dark 
Energy to Cosmic Acceleration

1998



Inner Space and Outer Space are connected in 
deep and profound ways

You cannot understand one without 
understanding the other

Dark Matter and Dark Energy are the poster 
children of that connection


