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The WIMP Miracle
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Dark Matter
• Roughly 20% of the energy content of the Universe is dark 

matter (DM).

• Requires at least one new stable/extremely long lived particle 
to exist today.

• Properties: 
– 5 times the mass density of baryons

– Massive (m=?)

– Suppressed interactions with QED and QCD

– Doesn’t very strongly self interact
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Dark Matter Freeze Out

Is possible to link DM with early universe cosmology

If new particle has 2  2 interactions with the SM, 
there will be a relic density left over
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[Lee and Weinberg, PRL 39 (1977) 165–168]



Dark Matter Freeze Out
Boltzmann eq.: 
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The WIMP Miracle

Correct thermal relic abundance:

For weak coupling, TeV scale emerges.

The dominant paradigm for ~35 years.
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Been searching for WIMPs...

The dominant paradigm is being challenged.

Is there another thermal mechanism that gives qualitatively 
different signatures?
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The SIMP Miracle
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Alternative Paradigm
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DM is the lightest state in a nearly secluded dark sector 
which is thermalized with the SM after reheating

Dark Sector SM
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Dark Sector

• In a closed system, 2  2 annihilations do not change 
number density 

• The first process that can change number density is 32 
interactions
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Can also have 4 2, 4 3.. 
Only 3 2 is viable
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3  2 Estimate
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3  2 Estimate
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 Useful to express in terms of 
measured quantities
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3  2 Estimate
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Compare to WIMP:



The SIMP Miracle

The result:

– Matter-radiation equality at

– Solving the Boltzmann eq. gives 
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unknown coupling of 
the 3 2 self 

annihilation of DM

For strong coupling, the strong scale emerges



The SIMP Miracle

• SIMP = Strongly (Self) interacting Massive Particle

• Thermal relic of 3 2 self interactions

• Freezes out when non-relativistic

• Mass = generalized geometric mean MPl , Teq

• Strongly self interacting light DM
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Thermal Equilibrium

Implicitly assumed throughout the derivation that the 
temperature of DM is the same as the photon bath.

However, 3 to 2 annihilations pump heat into the dark sector:

YH, NPKI @ Jeju, Sep. 2014

DM DM

DM

DM

DM

t

Cold Hot



Completely Secluded

• 3 2 annihilations without heat exchange with the SM:
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TDM

TSM

Carlson, Hall and Machacek, 
Astrophys. J. 398, 43 (1992)

Ruled out by structure formation

[de Laix, Scherrer and Schaefer, Astrophys. J. 452, 495 (1995)]



Not Completely Secluded

Need to be able to exchange heat with the SM bath. 

This is the reason behind the original picture:
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Thermal Equilibrium

Want to cool the dark sector:

But suppress the standard annihilation:

Can this be done?
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Thermal Equilibrium

Rates: 

– Kinetic:

– Ann.:
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Thermal Equilibrium

• Conditions: 

• SIMP-SM interactions:
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SIMPs

WIMPs

No kinetic eq.



Take away points so far

• Strong 3 2 self interactions of a dark sector set the relic 
abundance

• Thermal equilibrium between the dark and visible sectors

 Requires interactions with the SM.

Smaller than WIMPs but not arbitrarily small
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Signatures
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SIMP Signatures
Two key features:

1. DM must be in thermal equilibrium with the visible sector 

 non-negligible couplings to the SM

2.     Self interactions
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Consider 
coupling 

to electrons



Direct detection

Sub-GeV dark matter -- look for electron ionization signals
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[Essig, Manalaysay, Mardon, Sorensen, Volansky, PRL 109, 021301 (2012)] 



Indirect Detection
Gamma ray flux sets limits
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[Essig, Kuflik, McDermott, Volansky, Zurek, JHEP 1311, 193 (2013)] 



Cosmological searches
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CMB distortions Neff modification

[Madhavacheril, Sehgal, Slatyer, 1310.3815] [Boehm, Dolan, McCabe, JCAP 1308, 041 (2013)] 

DM annihilations inject energy 
into the CMB

If in equilibrium with             beneath    
-decoupling, modify Neff



Direct Production
If couple to electrons, could have been produced at LEP
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[Fox, Harnik, Kopp, Tsai, PRD 84, 014028 (2011)] 

[Essig, Mardon, Papucci, Volansky, Zhong, JHEP 1311, 167 (2013)] 



Results: Coupling to Electrons
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Self-Interactions
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• Long-standing structure formation puzzles

(Bullet cluster + halo shapes                   )

• Motivates self-interacting DM with

[Spergel and Steinhardt, PRL 84, 3760 (2000)]



Self-Interactions
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SIMP: Expect 3 2 gives unavoidable 22 interactions:

• Long-standing structure formation puzzles

(Bullet cluster + halo shapes                   )

• Motivates self-interacting DM with

In right ball park!



Higher point interactions

• If have Z2 symmetry: 4 2

• n 2:

• n=4: ~100 keV DM, ruled out by Neff / structure formation
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The SIMPlest Miracle
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The SIMPlest Miracle

Realization via a class of strongly coupled models.

Concept: 

Use the Wess-Zumino-Witten term for the 5-point interaction.

Topological condition determines if exists.

(In QCD describes 𝐾+𝐾−𝜋+𝜋0𝜋−)
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The SIMPlest Miracle

Simplest case:

• Sp(2) gauge theory with 4 fermions, SU(4) global symmetry

• Chiral symmetry breaking breaks it to Sp(2)

• 5 pions parameterize the coset space 

• WZW term exists:

• Also have 4-point self interactions via kinetic and mass terms
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General case:

• Sp(Nc) gauge theory with 2Nf fermions, SU(2Nf) global symmetry

• Chiral symmetry breaking breaks it to Sp(Nf)

• N𝜋 pions parameterize the coset space 

• WZW term exists:

• Also have 4-point self interactions via kinetic and mass terms

The SIMPlest Miracle
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The SIMPlest Miracle
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2π



The SIMPlest Miracle
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Summary

• SIMPs = new paradigm for thermal relic DM

• Strongly self interacting light DM at or below the GeV scale

• Couplings to SM  Signatures in direct and indirect detection, 
direct production and cosmology

• Self couplings  Addresses puzzles in structure formation

• New model building challenges
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Thanks!
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