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Introducing myselfRotational velocity curve of M33
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Modify this side:
dark matter

Modify this side:
MOND (modified gravity)

Rotational velocity curve of M33

Barry University, Miami FL                          Luca Visinelli, 04-17-2019

According to Newton’s Law:

Fgrav = m · a
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Introducing myselfGravitational lensing by galaxy clusters
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Additional evidence for the existence 
of dark matter comes from lensing



Introducing myselfCosmology
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An “almost” conclusive proof:
Cosmic Microwave Background Radiation (CMBR)

Barry University, Miami FL                          Luca Visinelli, 04-17-2019

Position and relative size of peaks tell us 
about flatness & matter content



Evidences for dark energy
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Introducing myselfSNIa  distance and luminosity
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Luminosity distance of a SN
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Intrinsinc luminosity

Observed flux

Fit observations at redshift      against the expressionz

DL(z) = (1 + z)
c

H0

Z z

0

dz0p
⌦m(1 + z0)3 + ⌦k(1 + z0)2 + ⌦⇤

c

H0

⌦m,⌦k,⌦⇤

speed of light

Hubble constant

fractional energy density 
in matter, curvature, 
cosmological constant
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BARYONIC 
MATTER

Energy distribution today

Concordance cosmological model
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See the very recent review on 2103.01183

Concordance cosmological model

Beaton+16, Freedman+17



Introducing myselfConcordance cosmological model

The                 (Lambda-Cold Dark Matter) model is a 
concordance model that attempts to capture the key 
observations about both “early” and “late” Universe. 

Key ingredients: 

• Standard Model (SM) content: “baryons”, radiation, 
neutrinos; 

• (Cold) dark matter; 

• Dark energy in the form of a cosmological constant; 

• Zero curvature, Friedmann-Robertson-Walker metric
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⇤CDM



One more ingredient: inflation
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• Flatness:

• Horizon:

• Absence of topological defects:

Introducing myselfConcordance cosmological model
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Inflation solves several problems of the standard Big-Bang picture:

Inflation is a very early epoch in which the expansion of the Universe accelerated 

|1� ⌦tot| . 10�3 |1� ⌦tot| . 10�5
today means at CMB

CMB patches are causally disconnected, yet temperature fluctuations
 only arise at the level of �T/T0 ⇠ 10�5

See talk by Guillem Domènech



The nature of dark matter
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Is dark matter a particle?

Macroscopic object
es. (Primordial) black hole

New particle not in the SM
• From supersymmetry (es. WIMP)
• From fixing QCD issues (es. axion)
• From a dark sector (mediated by Higgs or dark photon)
• Feebly-interacting light boson
• ….

see e.g. 1603.00464 
See talks by Guillem Domènech and Francesco Puosi on BHs

See also the talk by Constantinos Constantinou on dense environments
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Collider searches

Indirect detection

BSM
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See talk by Michael Leyton 
for direct detection searches

See talks by Mattia di Mauro
and Rubén López-Coto for 
indirect detection searches

New massive particle (WIMP)



Introducing myselfNew massive particle (WIMP)
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See e.g. Carr, Kühnel, LV 2008.08077, 2011.01930

Black holes can possess a halo of gravitationally bound WIMPs around

Figure from Kavanagh 1805.09034 

Looking for WIMP annihilation signatures from these structures
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Axion

The axion is a light (                          ) pseudoscalar predicted within QCD ma . 10�2 eV
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Axion



20

Axion

Axions form distinct substructures: axion miniclusters and axion stars

Axion minicluster: clump of virialized, self-gravitating axions
Axion star: Condensate of axions kept in equilibrium by quantum pressure

Both objects form in the early Universe and can suffer tidal disruption

RAMC
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Edwards, Kavanagh, LV, Weniger, 2011.05377, 2011.05378
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Axion

Future work:

Improve current simulations;

Interplay of axion miniclusters and axion stars;

Detection strategies away from direct detection for the QCD axion;

Extend to other light bosons


