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Halo

Subhalos

Springel et al. [0809.0898]

Prediction: The Milky 
Way hosts a population of 

dark matter subhalos

Why would this be 
interesting to a particle 

physicist?

Characteristics of 
subhalos depend on dark 

matter microphysics
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Changes in Velocity
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Boost to CM Frame
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Wide Binaries as Probes of Dark Matter
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Tidal Perturbation

Key: Limits set on extended
dark matter substructure

Ramirez et al. [2209.08100]
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*El-Badry et al. [2101.05282]

ÅInitial Dataset
Gaia eDR3 Catalog* 

ÅMain Steps for Building Catalog
Select stars with precise and 
complete set of measurements

Select pairs on Keplerian orbits

ÅGoals for Processed Data
Complete

Pure

Sensitive to Subhalos
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IncompletenessIncompleteness:

ÅGaia limited angular 
resolution

ÅDifficulty resolving 
nearby stars with 
similar magnitudes

ɝὋ ȿὋ Ὃȿḻπ

Solution:

ÅSelect binaries with 
high detection 
probability (> 0.999)

Cutoff angle: 
— ͯσὥί

Data taken from 

El-Badry et al. [2101.05282]
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Low PurityIncompletenessIncompleteness:

ÅGaia limited angular 
resolution

ÅDifficulty resolving 
nearby stars with 
similar magnitudes

ɝὋ ȿὋ Ὃȿḻπ

Solution:

ÅSelect binaries with 
high detection 
probability (> 0.999)

Cutoff angle: 
— ͯσὥί

Low Purity:

ÅBinary candidates may 
not be true binaries, but 
are chance alignments

Solution:

ÅFilter out by imposing 
more stringent 
Keplerian condition

vs.

Data taken from 

El-Badry et al. [2101.05282]
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Binaries Sensitive to Subhalos
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Selection Cut:

ÅStellar Halo
Age ṃ10 Gyr

Sparse baryonic matter

ÅAdvantages of population
Interact with subhalos for the 
highest amount of time

Encounters with baryonic 
matter will have lesser effect 
on limits

Tian [1909.04765]
(Gaia DR2)
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Result of Cuts
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Change in Orbit
ὥȟὩȟ‪ ᴼ ὥȟὩȟ‪

ɝᴆὺ

Analytic

Effect:

ÅSingle Binary, Single Subhalo
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Random encounters lead to random evolution

Generally, binaries widen with time and may eventually be destroyed

ÅSingle Binary, Single Subhalo

ÅSingle Binary, Many Subhalos

ÅMany Binaries, Many Subhalos
Evolve each individual binary as in previous case
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Modelling Binary Evolution
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Random encounters lead to random evolution

Generally, binaries widen with time and may eventually be destroyed

ÅSingle Binary, Single Subhalo

ÅSingle Binary, Many Subhalos

ÅMany Binaries, Many Subhalos
Evolve each individual binary as in previous case

ÅMonte Carlo Simulation
1) Sample binaries from some initial distribution 

representative of our dataset 10 Gyr ago

2) Evolve binaries for 10 Gyr under repeated 
subhalo encounters

3) Save present-day distribution of separations

Ramirez et al. [2209.08100]
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Simple Example
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ÅPerturber Population

ÅInitial Binary Population
Log-flat separation distribution

Ramirez et al. [2209.08100]
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Subhalos:

ὓ ρπὓṩ
Ὑ πȢρpc

”ὶ constant
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ÅKey Points
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