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1.   Small-scale problems of the Lambda-CDM model  

2.  Dark Matter sectors with a light mediator 

3.   New ideas :  resonant scattering and puffy dark matter

Based on Based on 



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)

Small-scale problems Small-scale problems 



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)

Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Energy budget of the Universe



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)

Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Standard Model stable particles:

Mostly protons, electrons, 
neutrinos and photons.

Energy budget of the Universe



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)

Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Energy budget of the Universe

Standard Model stable particles:

Mostly protons, electrons, 
neutrinos and photons.

Energy budget of the Universe



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)
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Energy budget of the Universe
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Standard Model stable particles:

Mostly protons, electrons, 
neutrinos and photons.

Energy budget of the Universe
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Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Energy budget of the UniverseEnergy budget of the Universe

Standard Model stable particles:

Mostly protons, electrons, 
neutrinos and photons

Collisionless Cold Dark Matter 
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Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Remarkably successful 
at large scales

At low scales
N-body simulations
are needed
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Lambda Cold Dark Matter modelLambda Cold Dark Matter model

Mass deficits at galactic scales

● Core vs. cusp problem

● Diversity problem

● Too-big-to-fail problem

● Missing satellites 

Heated debates!!!  
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Core vs. cusp problemCore vs. cusp problem

Moore (1994)
Flores et al. (1994)
Naray et al. (2011)

This is the seemingly
mass deficit observed in objects 
such as dwarf galaxies
when compared to the 
predictions of collisionless dark 
matter
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Core vs. cusp problemCore vs. cusp problem

J. F. Navarro, C. S. Frenk, and S. D. M. White (1997)

Moore (1994)
Flores et al. (1994)
Naray et al. (2011)

This is the seemingly
mass deficit observed in objects 
such as dwarf galaxies
when compared to the 
predictions of collisionless dark 
matter

DDO 154
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Diversity ProblemDiversity Problem
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IC 2574
DMO sims: LG-MR + EAGLE-HR,
Vmax =80 km s−1 ±10% [149]

Hydro sims: LG-MR + EAGLE-HR,
Vmax =80 km s−1 ±10% [149]
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LSB F583-1
DMO sims: LG-MR + EAGLE-HR,
Vmax =88 km s−1 ±10% [120]

Hydro sims: LG-MR + EAGLE-HR,
Vmax =88 km s−1 ±10% [120]
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UGC 5721
DMO sims: LG-MR + EAGLE-HR,
Vmax =89 km s−1 ±10% [113]

Hydro sims: LG-MR + EAGLE-HR,
Vmax =89 km s−1 ±10% [113]

UGC 11707
DMO sims: LG-MR + EAGLE-HR,
Vmax =101 km s−1 ±10% [73]

Hydro sims: LG-MR + EAGLE-HR,
Vmax =101 km s−1 ±10% [73]

Cosmological structure formation is predicted to be a self-similar process with a remarkably little scatter 
in density profiles for halos of a given mass. However, disk galaxies with the same maximal circular 
velocity exhibit a much larger scatter in their interiors and inferred core densities vary by a factor of 
order ten. 

2015
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Missing Satellites Missing Satellites 

Simulations of the Milky Way 
predict a large number of 
subhalos that are not observed

Moore et al (1999)
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Missing Satellites Missing Satellites Too-Big-To-Fail ProblemToo-Big-To-Fail Problem
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Simulations of the Milky Way
predict subhalos too massive and
too dense to host the brightest
observed satellites Boylan-Kolchin et al.(2011)

Ferrero et al. (2014)

Simulations of the Milky Way 
predict a large number of 
subhalos that are not observed

Moore et al (1999)
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UGC 5721, c200:+2σ, M200:5×1010M⊙
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Cross sectionsCross sections
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 Kaplinghat ,Tulin, Yu (2017)



Recent ideas for SIDM model-buildingRecent ideas for SIDM model-building Camilo A. Garcia Cely (DESY)Camilo A. Garcia Cely (DESY)

Cross sectionsCross sections

How does that compare to 
nucleon-nucleon collisions?
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Similar processes found in nature Similar processes found in nature 
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Light mediatorsLight mediators

Bringmann, Kahlhoefer, Schmidt-Hoberg, Walia (2016)
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Concrete exampleConcrete example

This scenario produces Gravitational Waves
in the Early Universe (Baldes Garcia-Cely 2018)
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Concrete exampleConcrete example

Standard freeze-out is not posible.
Freeze-in works
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Freeze-inFreeze-in
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Resonant SIDMResonant SIDM

Resonances can be studied in a model independent way (Breit-Wigner) 

Chu, CGC, Murayama  (2018)
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Concrete examplesConcrete examples

Chu, CGC, Murayama  (2018)

Pseudo-scalar mediator

Dark pions interacting with  
a dark sigma (IIa) or a rho  
(IIb) resonance

Spin-two exchange
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Puffy DMPuffy DM

Supposed that dark matter has a finite 
size that is larger than  its Compton 
wavelength: Puffy DM  

The way the non-relativistic cross 
section varies with the velocity is largely 
independent of the dark matter internal 
structure when the range of the 
mediating force is very short. 

Chu, CGC, Murayama  (2018)
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Direct Detection of Puffy DMDirect Detection of Puffy DM

a QCD-like theory of dark matter
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Direct Detection of Puffy DMDirect Detection of Puffy DM

a QCD-like theory of dark matter

low-threshold direct detection 
experiments have the potential to 
probe Puffy Dark Matter.

Chu, CGC, Murayama  (2018)
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ConclusionsConclusions

● Self-interacting dark matter (SIDM) is a well-motivated solution 
to the problems encountered at small scales.

● Multiple observations severely constrain the production of self-
interacting DM via the freeze-out mechanism with a light 
mediator.

● A viable scenario is freeze-in. It provides a candidate for the 3.5 
keV line.

● Another possibility is the case of resonant dark matter 

● Dark matter particles with a finite size (Puffy DM) constitute 
another viable candidate of self-interacting dark matter
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