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The �Missing Mass� 
Problem   

n  In 1933, Zwicky was studying galaxies 
and he estimated their total mass by 
measuring their brightness 

n  Then, he used a different method of 
measuring the mass, and came up with 
a number 400x his estimate 

n  Nobody did anything about it  

The Coma Cluster (Abell 1656) is a large
cluster of galaxies that contains over 1,000 
identified galaxies
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https://en.wikipedia.org/wiki/Galaxy_cluster


Zwicky used to call other astronomers at the Mount Wilson 
observatory "Spherical bastards". Why spherical? 
“Because they were bastards, when looked at from any side".

The Zwicky's were once inviting some graduate students for dinner. As the 
group was ringing the door bell, Zwicki's wife Dorothea opened and called 
into the house without intending to joke: "Fritz, the bastards are here!".

During an observation night at the Mount Wilson, when the turbulences 
of the air were disturbing, Zwicky has told his assistant to shoot with the 
gun into the turbulent air. His hope was that the bullet would smooth the 
turbulences. The gun was indeed shot but the turbulences stayed... This 
story illustrates that Zwicky was ready to try unusual ways for solutions.
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What do we know about dark matter?

So far, we mostly have “negative” information 
(constraints from astrophysics and searches for new 
particles): 

No colour charge 

No electric charge 

No strong self-interaction 

Stable, or very long-lived 

Not a particle in the Standard Model of 
particle physics
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4Probing dark matter through gravity
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DMO simulations | The “Small Scale Crisis”

a) The ‘cusp-core’ problem

‘Universal’ density profile

Navarro, Frenk & White 1996
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Hidden sector

What do we know about dark matter?

The mass and cross section range span many orders of magnitude 

Strong guidance from theorists to us experimentalists

I will mostly focus on axions and WIMPs  

μeV        meV           eV                 keV            MeV               GeV              TeV             109-1013 TeV  

	 	 	 	 	 	 Particle mass

In
te

ra
ct

io
n 

st
re

ng
th

 w
ith

 n
or

m
al

 m
at

te
r (

SM
)

neutrino

10-6 neutrino

10-12 neutrino

10-18 neutrino

gravity

WIMP 
(neutralino, 
KK photon) 

SuperWIMP

(gravitino, axino, KK 

graviton)

Axion Sterile 

neutrino

5

W
IM

PZ
IL

LA

Neutrino



WIMP, Axion, MACHO
WIMP (Weakly Interacting Massive Particle)

-smaller than atom

-mass range in GeV~TeV
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How to directly detect WIMPs in the 
laboratory?

By searching for collisions of invisibles 
particles with atomic nuclei => Evis  (q ~ 
tens of MeV) 

Need very low energy thresholds 

Need ultra-low backgrounds, good 
background understanding (no “beam 
off” data collection mode) and 
discrimination 

Need large detector masses

Evis
N

N

X X v/c ~0.75 x 10-3

11
M. Goodman & E. Witten,  1985

ER =
q2

2mN
< 30 keV



Axions
Introduced by Peccei & Quinn as a solution to the strong 
CP problem: a global U(1) symmetry is spontaneously 
broken below an energy scale fa (originally the weak scale 
fa ≈ 200 GeV~ fEW) 

Weinberg & Wilczek: PQ solution implies the existence of 
a light pseudoscalar, the axion 

No axion detection so far; ‘invisible axion’ models (with 
arbitrary large fa) are still viable:

ma ' 6 · 10�6eV
1012 GeV

fa

Constraints from astrophysics, cosmology and laboratory 
searches restrict the mass of a QCD dark matter axion to:

⇠ 1µeV  ma  3meV

corresponds to the 
observed  
dark matter density
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Figure 1: Exclusion ranges as described in the text.
The dark intervals are the approximate CAST and
ADMX search ranges. Limits on coupling strengths are
translated into limits on mA and fA using z = 0.56
and the KSVZ values for the coupling strengths. The
“Laboratory” bar is a rough representation of the ex-
clusion range for standard or variant axions. The “GC
stars and white-dwarf cooling” range uses the DFSZ
model with an axion-electron coupling corresponding to
cos2 β = 1/2. The Cold Dark Matter exclusion range
is particularly uncertain. We show the benchmark case
from the misalignment mechanism.
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MACHO (Massive Astrophysical Compact Halo Object)

-primordial black hole

-brown dwarf

⇠ 10�3M�

⇠ 0.08M�

(Jupiter mass)

M� ⇠ 1066eV



problem-3: 暗物质都有哪些探测⼿手段？（物理理实验／直接探测，天⽂文观测／间接探测）

problem-4: 冷／热 暗物质模型，在宇宙⼤大尺度结构形成（如星系形成）过程中有何不不同？


