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Evidences



Optical image of the Coma cluster

In 1933 Zwicky bravely claimed the existence of unseen 
matter, dubbed “Dark Matter” (DM),  in the Coma Cluster

1000 galaxies within a radius of about 1 Mpc
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2 orders of magnitude for mass-to-light 

ratio of a galaxy in Coma cluster 
with respect to mass-to-light for stars 

observed  in our solar local neighborhood !



Modern proofs from clusters: X-rays !
Most baryonic mass is in the form of hot intercluster medium

X-ray luminosity

X-ray spectra

gas density map 

temperature map, i.e. pressure maps. 

Assuming spherical symmetry and 
hydrostatic equilibrium :

temperature about 107-8 K , 
bremsstrahlung  emission from 
electrons in the ionized medium

dPg

dr
= GN

M(< r)ρg
r2

 a factor ∼ O(10) of more mass than 
the one in gas form it is inferred 

Coma  galaxy cluster



mass tomography
of e.g. an 

intervining 
cluster 
through 

gravitational 
lensing

Light from distant galaxies is “lensed” by the gravitational 
field of some massive objects along the line of sight ...

Abell NGC2218

Presence of Dark Matter smoothly 
distributed in-between galaxies is required 

(actually dominating the total potential)



 (Paraficz et al. ’12)

Image credit:
X-ray: NASA/CXC/CfA/M.Markevitch et al.;

Optical: NASA/STScI; Magellan/U.Arizona/
D.Clowe et al.;

Lensing Map: NASA/STScI; ESO WFI; 
Magellan/U.Arizona/D.Clowe et al.

Color code:
X-ray image: pink

Optical: orange/white

Weak lensing map:  blue

1E 0657-56

Color code :
X-ray image: magenta

Strong lensing map:  blue

“!e Bullet Clu#er”



M33

We have evidences of DM @ galactic scales (∼ kpc)  

v2c = GN
M(< r)

r
Outside the visible
mass scale one has :

Keplerian fall-off 
expected, vc ∼ r-1/2 !

M(< r) = Mtot

vc = const. ⇒ MDM (r) ∝ r ⇒ ρDM (r) ∝ r−2

OK ... but why not a modification of Gravity laws ?



Cosmological probes can possibly answer to this question.
Baryons and photons were coupled before recombination, 
380000 years after the Big Bang (13.7 billions of years ago).

At that time, they behaved as a single gas, sharing the same “perturbations”,  
which propagated like sound waves with amplitudes of the order of O(10-5).

The collapsed structures we see nowadays are the result of the evolution of these 
perturbations in  deep potential wells related to a lot of gravitating matter.



Looking closer @ the growth of structures :

As far as barionic gas is ionized, it is coupled to radiation and oscillates: 
pressure prevents overdensities to grow.

The uncoupled pressureless DM mode instead grows!

After recombination, baryons fall quickly in these DM deep potential wells: 
w/o DM they need much longer to reach the same level  of density contrast!



What if only baryons were present in the game?

What if we modify         in place of the DM component?

Non-linear structures absent! 
Pattern of “clumpiness” 

complitely different! 

Models where one modifies 
GR  do not allow easily for the 

“right growth” of structures



Precision Cosmology era points to DM existence.

ΛCDM
assuming GR and a given set of constituents , we 
get access to how the total energy budget of the 
Universe is distributed within these components

ΩM � 0.27

ΩΛ � 0.73

Ωb � 0.04
in agreement
with BBN

Dark Matter, as a pressureless fluid, dominates 
the Matter component of our Universe



WIMP Detection 
Strategies
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crossing symmetry

WARNING 

model details

 may be crucial x 

detection success!



from C.Weniger’s talk



For example, people looked into positrons :
(wait for your cosmic-ray lecturer Daniele!)



ϕγ P (m  ) ∙ J (ΔΩΩ)

Differential flux of γs can be computed as :

< σ v >
8π m2

dm

dN
dE
γ dlρ  ( l (ΔΩΩ) )

J-factors suggest us where it can be worth looking @!

Typical values : MW Galactic Center : J ∼ 1023 GeV2/cm5 

MW satellites : J ∼ 1019 GeV2/cm5

Local Cluster of Galaxies : J ∼ 1017 GeV2/cm5

(S.Profumo-TASI ‘12)

(Bergstrom et al. ’98)

known x a given DM mass!

(Cirelli et al. ’12)
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Smoking gun for DM indirect searhes? 

from P.Serpico’s lectures



Dream  for any WIMP hunter ...

It seems it was only a statistical fluctuation

3.57 KeV 
line in 

Perseus and 
Coma 

Clusters ...

OUT OF THE 
WIMP WORLD



The diffuse spectral component

see e.g.: http://www.marcocirelli.net/PPPC4DMID.html

from P.Serpico’s lectures

http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html


(http://www.nasa.gov/content/goddard/nasas-fermi-celebrates-five-years-in-space-enters-extended-mission/)



ModelA+DM
Counts-Model, Eγ = 1− 10 GeV
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ModelA
Counts-Model, Eγ = 1− 10 GeV
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The GeV excess @ the Galactic Center

w/o DM with DM

Have we “already” (2015-1933   80) detected Dark Matter ?
The Galactic Center is a rich astrophysical region ... stay tuned!

𐅽

bb best fit for mDM 𐅼 35 GeV-



very faint objects with
large mass-to-light ratio!

M
L ∼ M

L
102-3x ∙

∙

 Dwarf spheroidal galaxies (dSphs) are ideal DM labs

high latitude position

heliocentric distances
about 70 - 250 kpc

In particular, for Milky Way satellites:

suppressed gamma-ray flux 
from standard processes

high J-value

✓
✓
✗

spectroscopy for line-of-sight kinematics , 

photometry for stellar density profile ,

full 3D kinematical knowledge , β(r) ≡ 1− σ2
t (r)/σ

2
r(r)

I(R)

σlos(R)



dSph ≣ collisionless spherical system in dynamical equilibrium

σlos(R) = f(I, ρχ,β)

Spherical 

Jeans  

equation

�
dβ p(β)

1503.02641



... & especially THANKS TO YOU guys 
(Even if I lost yesterday game!)

A BIG “THANK YOU” to the organizers ...


