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Dark Sector with long-range self-interactions
• Dark sector with ultra-light, massive mediator φ gives rise 

to attractive, long-range Yukawa force acting on particle χ :

     𝑉 = − 𝛽
𝐺 𝑚1𝑚2

𝑟
𝑒−𝑟/𝜆
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• Dark sector with ultra-light, massive mediator φ gives rise 

to attractive, long-range Yukawa force acting on particle χ :

     𝑉 = − 𝛽
𝐺 𝑚1𝑚2

𝑟
𝑒−𝑟/𝜆

• Mediator can exist after matter-radiation equality 
[Bottaro + (2024)]

• Fraction in mediator 𝑓𝜑 ~ β
𝐻𝑒𝑞

𝑀𝜑
 

• For β=1,  𝜆 = 1 kpc, ~ 1.5% of dark sector is in the mediator 
at present day
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Parameter Space

• Large regions of unconstrained parameter space
• Motivation at galaxy scales: 

• Compact , ‘overly-cuspy’ dwarfs from rotation 
curves [Oman + (2015)]

• Massive, high-z galaxies observed by JWST [e.g. 
Xiao + 2024]

• Compact strong gravitational lenses [e.g. 
Meneghetti + (2020)]

• Current + upcoming surveys sensitive to 
compact, enhanced substructure : Euclid , Roman, 
LSST, S5, Via
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Adapted from Bogorad + (2023)

GalaxiesEarly Universe

PBHs Ruled out by Bullet Cluster

These simulations

CMB + BAO



Simulations

Current
• Dark matter only: 

• 4 classical dwarfs, resolution ~ 106 M⊙

• CDM initial conditions   
• Long-range SIDM: 𝛽 = 1, 𝜆 = 1 kpc
• CDM ”control” simulation
• 1 Milky Way-mass 
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Future
• More halos
• Modified initial conditions for long-

range SIDM
• Other parts of parameter space
• DM + baryons (FIRE)
• Non-negligible DM fraction in mediator



"""

Simulations (z = 0)
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Simulations (z = 0.5)
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Subhalo Mass Counts

More subhalos in Long-range SIDM than in CDM at all scales above 10-4  M/Mhost ; 
factor of ~10 enhancement in dwarfs with faint companions
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Increasing host halo mass
Increasing host halo mass



Halo Mass Accretion

Long-range SIDM halos are more massive than CDM counterparts 
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Halo density profiles

Steeper density slope at ~ kpc scale (more compact dwarfs)
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Summary

• We have run cosmological simulations 
where the dark matter has a kpc-scale 
attractive self-interaction
• Enhanced subhalo counts relative to CDM
• More massive halos at earlier times
• Steeper inner slope of host halo density 

profile

I s ab e l  S an d s  ( i s an ds @c al t e c h. e d u ) 9

Coming soon: 
• Milky Way Analogs! 
• Long-range SIDM with baryons (full MHD)
• Constraints on parameter space



Ask me about:
Galactic γ -ray emission in 

FIRE cosmic ray simulations
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Rotation curve diversity 
problem in FIRE-3 dwarfs 

(arXiv 2404.16247)

True Vc

Strong B-field, no disk

Disky galaxy

Centrifugal RC



Halo density profiles

Steeper density slope at ~ kpc scale (more compact dwarfs)
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