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Overview

ØWhat is dark matter?
ØHow can plasma physics give new insights to dark matter 

phenomenology?
ØBuilding a minimal testable model
ØHuge implications for models with long-range effects

TevPA 2023, September 14 Pierce Giffin 2/16



What is Dark Matter?
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https://en.wikipedia.org/wiki/Galaxy_rotation_curve tps://svs.gsfc.nasa.gov/12307 

https://en.wikipedia.org/wiki/Galaxy_rotation_curve
https://svs.gsfc.nasa.gov/12307
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Long Range Effects

ØSelf-interacting dark matter is not 
only 2 → 2 scattering

Ø99.9% of visible matter in the 
universe is a plasma, governed by 
many → many scattering

ØLong range collective effects can 
probe many orders of magnitude 
deeper into parameter space
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Current Constraints

ØSome of the strongest 2→2 
constraints come from 
dissociative cluster mergers such 
as the Bullet Cluster [1]
§ 𝜎	/𝑚 ≲ 1	cm!g"#

ØMain Observables
§ Evaporation of dark matter halo
§ Offset of dark matter and standard 

model centers
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Credit: European Space Agency

https://www.esa.int/ESA_Multimedia/Images/2007/07/The_Bullet_Cluster2
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Credit: European Space Agency
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Collisionless Regime

ØIntroduce model

ØSize of Bullet Cluster core ~100 kpc
ØMean free path of dark matter
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Plasma Shocks
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Plasma Shocks
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Plasma Shocks
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Plasma Turbulence
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Initial 
Configuration
𝑡 = 0	𝜔!

Long lasting 
structure remains
𝑡 > 1000	𝜔! 

Structure begins 
to form
𝑡~100	𝜔!

Small instabilities 
set in

𝑡~10	𝜔!



ØDrag coefficient
§ Fit from simulations of bulk velocity 

slowdown from turbulence

ØParameters of Bullet Cluster core 
crossing
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tcross ∼ 3× 107 yr

∆x ! 50 kpc

vrel ∼ 0.01c

ρχ ∼ 0.01 GeV/cm3

cd ∼ −8× 10
−4

ωp,χ



Conclusions
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ØCollective effects have potential to yield new insights to the 
microscopic behaviors of dark matter

ØPlasma instabilities and anomalous drag can contribute to observable 
displacements in dissociative cluster mergers

ØMore systems can be probed with plasma physics
§ Magnetized plasmas
§ Millicharged particles
§ Axion dark matter
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Longitudinal Instabilities
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Transverse Instabilities

ØSmall perturbations in the transverse 
magnetic field attract particles to 
nodes

ØCurrent sheets form as particles 
collect near nodes

ØCurrent sheets induce a magnetic field 
that strengthens the initial perturbation

ØExpected growth rate: 
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