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Direct dark matter detection status



The universe is transparent to 
light…

For heavy dark matter candidates, 
the universe is transparent th



Lightness is the new darkness



Could it be that simple?

Fundamental interactions

1.Strong force

2.Electromagnetic force

3.Weak force

4.Gravitational force

Quarks:Too much interaction



Could it be that simple?

Charged leptons: Good enought

Fundamental interactions

1.Strong force

2.Electromagnetic force

3.Weak force

4.Gravitational force



Could it be that simple?

Neutrinos: Difficult to see, but observable

Fundamental interactions

1.Strong force

2.Electromagnetic force

3.Weak force

4.Gravitational force



Could it be that simple?

Is dark matter the particle that interacts 
only through gravitational interactions?

Fundamental interactions

1.Strong force

2.Electromagnetic force

3.Weak force

4.Gravitational force



The darkest scenario:

Dark matter interacts only through gravitational 
interactions:
1) Forget how to detect it on Earth
2) Main properties: The mass and the spin:

Ultralight fermionic particles
Ultralight spin-zero particles
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The Milky way as a detector

Rotational velocity curve 



Ultralight Fermionic dark matter 



The halo is surrounding the galaxy, and perhaps in hydrostatic
equilibrium with gravity



An equation of state is needed: A free gas of fermions at zero
temperature:

In the non relativistic limit:



Boundary conditions



Ultralight fermionic DM halos



Cores (due to Fermi repulsion)



The rotational curve for the Milky Way can be computed:

A fermion with very low mass, few 
eV can be a good candidate for 

DM!!!
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Constraining ultralight fermionic DM
Strong contraints:

Core halos 



Scalar field as dark matter?

Ultralight scalars as cosmological dark matter
Lam Hui (Columbia U.), Jeremiah P. Ostriker (Columbia U. & Princeton U. Observ.),
Scott Tremaine, Edward Witten (Princeton, Inst. Advanced Study). Oct 26, 2016. 32 pp.
Published in Phys.Rev. D95 (2017) no.4, 043541

https://inspirehep.net/record/1494555
https://inspirehep.net/author/profile/Hui%2C%20Lam?recid=1494555&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:%22Columbia%20U.%22&ln=en
https://inspirehep.net/author/profile/Ostriker%2C%20Jeremiah%20P.?recid=1494555&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:%22Columbia%20U.%22&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:%22Princeton%20U.%20Observ.%22&ln=en
https://inspirehep.net/author/profile/Tremaine%2C%20Scott?recid=1494555&ln=en
https://inspirehep.net/author/profile/Witten%2C%20Edward?recid=1494555&ln=en
https://inspirehep.net/search?cc=Institutions&p=institution:%22Princeton%2C%20Inst.%20Advanced%20Study%22&ln=en


Ultralight bosonic dark matter?



The dark matter halo in SFDM
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Newtonian Schrodinger-Poisson 



Constraints on bosonic dark matter 
from the Milky Way
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Some suprises in the shape of DM halos
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Spherical symmetry

Harmonic time dependence

The Klein-Gordon equations reads:

And the metric coefficients satisfies:



Possible boson star configurations
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Possible boson star configurations
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Semiclassical description of the 
Einstein-Klein-Gordon system
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This leads to:
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Boson stars Multistate Boson stars

Boson stars relatives



Multi-State Boson stars (MSBS)
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n=2
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L-Boson stars can have interesting 
profiles
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Different density profiles as a 
function of the “central density”
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Astrophysical realization of boson 
stars relatives demands stability

42



Numerical perturbation analysis: Multistate 
boson stars
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Boson stars in excited states are unstable under numerical perturbations.

Multistate boson stars, even with particles in the excited states, can be stable

Stable if
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Three fates of 



Dark matter halos

45How robust are the contstraints on the scalar field mass?



Conclusions

1. It is possible that DM do not interact with the 
standard model

2. Stellar dynamics and astrophysical data can 
gives information about the relevant 
parameters for ultralight candidates for dark 
matter

3. Care must be take: there is a great diversity of 
the dark matter profile even in spherical 
symmetry
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