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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 
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SDSS DR7 (Reid et al. 2010)
LyA (McDonald et al. 2006)
ACT CMB Lensing (Das et al. 2011)
ACT Clusters (Sehgal et al. 2011)
CCCP II (Vikhlinin et al. 2009)
BCG Weak lensing (Tinker et al. 2011)
ACT+WMAP spectrum (this work)

Hlozek et al. (2012)

Remarkably successful 
at large scales
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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

Tulin, Yu (2017)
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DebateDebate
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Randall et al (2008)
Robertson et al (2016)
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Cross sectionsCross sections

Dark matter halos as particle colliders

 Kaplinghat ,Tulin, Yu (2017)
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Cross sectionsCross sections

How does that compare to 
nucleon-nucleon collisions?

Dark matter halos as particle colliders

Tulin, Yu (2017)
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Light mediator
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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

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

Chu, CGC, Murayama  (2018)
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Puffy DMPuffy DM

Suppose 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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Tulin, Yu (2017)

Effective Range TheoryEffective Range Theory
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Effective Range TheoryEffective Range Theory

Tulin, Yu (2017)

For short-range interactions, regardless of the 
potential, the non-relativistic scattering cross 
section can be approximated  by means of 

“practically no information could be 
obtained, from classical scattering 
experiments, on the shape of the potential.”

Hans Bethe  (1949)
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Effective Range TheoryEffective Range Theory

Resonances

Virtual Levels

Bound States

Narrow

Broad

n-p collision S=1 (via deuteron)

n-p collision S=0

n-n collision (via dineutron)

Born regime
atractive Yukawa

Born regime
repulsive Yukawa
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Chu, CGC, Murayama  (2019)
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For short-range interactions, regardless of the 
potential, the non-relativistic scattering cross 
section can be approximated  by means of 

The case of light mediators

“practically no information could be 
obtained, from classical scattering 
experiments, on the shape of the potential.”

Hans Bethe  (1949)
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For short-range interactions, regardless of the 
potential, the non-relativistic scattering cross 
section can be approximated  by means of 

“practically no information could be 
obtained, from classical scattering 
experiments, on the shape of the potential.”

Hans Bethe  (1949)

The case of light mediators
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Effective Range TheoryEffective Range Theory

For short-range interactions, regardless of the 
potential, the non-relativistic scattering cross 
section can be approximated  by means of 

Resonances

Virtual Levels

Bound States
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Chu, CGC, Murayama  (2019)

“practically no information could be 
obtained, from classical scattering 
experiments, on the shape of the potential.”

Hans Bethe  (1949)

This allows for a model-independent approach 
to SIDM!!
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Effective Range TheoryEffective Range Theory
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ConclusionsConclusions

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

● Resonant SIDM is a viable model giving velocity-dependent scattering cross sections. 

● Scenarios in which DM is puffy are another alternative. 

● The velocity dependence of the scattering cross section is largely model independent 
and given by the effective range theory.

● This theory is able to simultaneously describe resonances, light mediators and DM 
bound states. As a result, we advocate its use in future SIDM studies.   
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● This theory is able to simultaneously describe resonances, light mediators and DM 
bound states. As a result, we advocate its use in future SIDM studies.   

Thanks for your attention
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Back-up slides Back-up slides 

Yukawa Potential
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Back-up slides Back-up slides 

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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