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Cosmology: precision science
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CMB

Galaxy Surveys

Weak Lensing



Dark Matter
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∼80% of all matter. 
Mostly cold and only 
interacts through 
gravity (CDM): 
standard

CMB sensitive to 1% of 
DM being 
non-standard DM



Large-Scale Structure
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fit with CDM predicts:
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Fix structure formation!
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COLD
clusters

standard:
CDM only



Fix structure formation!
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WARM
doesn’t cluster

CDM + warm



m⟶T
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3→2 interactions

cannibalism
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Possibility: 
SU(N)dark

● Decoupled from 
Standard Model of 
particle physics

● In principle with its 
own temperature

Td

dark gluons: 
radiation

dark glueballs: 
cannibal matter

Λdark~m

2→2 3→2

th. eq. ch. eq.
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acan anr

relativistic

cannibalism non-relativistic

Thermal history
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Structure formation
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CDM only

CDM & cannibalsδρ
cd

m
/ρ

cd
m

a

k~0.1 Mpc-1 (8 Mpc, LSS)

δρcdm/ρcdm∝ a

δρcdm/ρcdm∝ a1-ε

ε∼ρcan/ρcdm
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● arXiv:1803.08062
● LSS: interesting data
● Cannibal DM:

○ simple pheno 
model

○ suppress structure 
formation ⇒ σ8 
problem?

● Need to fit to Data 
(CMB, BAO, weak 
lensing, ...)

● Future looks promising!

Conclusions



Backup Slides
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Matter Power Spectrum
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Before: Now:



Matter Power Spectrum
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δρ δρ

δρ δρ
8 Mpc

LSS
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σ8
P(k) & LSS
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Cosmological Perturbations
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density background perturbation

Fourier Space
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scale 
factor

Einstein’s equations Continuity equation

Expanding Universe Fluids
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Einstein’s equations Continuity equation

Expanding Universe Fluids

Hubble expansion Continuity
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Gravitational Potential Evolution of 
perturbations

+perts. +perts.

Metric perturbations Fluids perturbations



Growth of structure
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scale factor

Hubble friction Gravitational pull



Growth of structure
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scale factor

Hubble friction Gravitational pull



Slowing down the growth
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Hubble friction Gravitational pull



Slowing down the growth
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Hubble friction Gravitational pull



Slowing down the growth
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Hubble friction Gravitational pull



Suppressed growth
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Radiation 
Domination

Matter 
Domination

ΛCDM

ΛCDM+extra
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What 
component can:
1. behave like matter,
2. not form structure?

Friction Gravity
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What 
component can:
1. behave like matter,
2. not form structure?

Friction Gravity

Cannibals!



Equilibrium ⇒ Conservation of Entropy
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Thermal history
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acan anr

1. Behave like matter
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Cannibal 
Perturbations

anr(frequency)2

2.    Not form structure



Cannibal DM
Explore 
parameter space 
(m & Scan)!
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A subcomponent of DM that 
suppresses MPS
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SU(2)dark

BBN

early
decoupling

late 
cannibalism

ρcan/ρcdm

KiDS-450



Perturbation Suppression
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MPS: fixed fcan
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MPS: fixed anr
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UV completion: 2nd order
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UV completion: 1st order
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Planck lite high-l TT
+Planck lensing
+Planck τreio
+BAO
+Planck SZ
+SH0ES

Δχ2 = -7.27

PRELIM
INARY


