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Dark Matter Substructure

Prediction: The Milky
Way hosts a population of
dark matter subhalos

Springel et al. [0809.0898]
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Dark Matter Substructure

Prediction: The Milky
Way hosts a population of
dark matter subhalos

Why would this be
Interesting to a particle
physicist?

Springel et al. [0809.0898]
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Dark Matter Substructure

Prediction: The Milky
Way hosts a population of
dark matter subhalos

l

Why would this be
Interesting to a particle
physicist?

l

Characteristics of
subhalos depend on dark
matter microphysics

Springel et al. [0809.0898]
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Wide Binaries as Probes of Dark Matter

Initial Orbit
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Wide Binaries as Probes of Dark Matter

Subhalo Encounter
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Wide Binaries as Probes of Dark Matter

Changes in Velocity
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Wide Binaries as Probes of Dark Matter

Boost to CM Frame
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Wide Binaries as Probes of Dark Matter

New Orbit
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Wide Binaries as Probes of Dark Matter
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Wide Binaries as Probes of Dark Matter

Tidal Perturbation

0.11 Betore = After

0.0

y (pc)

0.1+ ® Star © Perturber
0.0 0.1 0.2 0.3

z (pc)

Ramirez et al. [2209.08100]
Edward D. Ramirez (Rutgers University)

Constraining Dark Matter Substructure with Gaia WBs Pheno 2023 5/9/2023



Wide Binaries as Probes of Dark Matter
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Wide Binaries as Probes of Dark Matter

Key: Limits set on extended
dark matter substructure
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Extracting Wide Binaries from Gaila

Alnitial Dataset
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Extracting Wide Binaries from Gaila

Alnitial Dataset .
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Extracting Wide Binaries from Gaila

Alnitial Dataset
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Extracting Wide Binaries from Gaila

Alnitial Dataset s
Gaia eDR3 Catalog* B
D
AMain Steps for Building Catalog 5
Select stars with precise and aa 103 -
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Completeness and Purity Cuts
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Completeness and Purity Cuts

Incompleteness: Incompleteness

A Gaia limited angular
resolution

[
v

10°
0 < 1.2 arcsec

A Difficulty resolving
nearby stars with
similar magnitudes

3’0 SO "Osl m

Solution:

Number of Binaries

A Select binaries with 10!
high detection }
probability (> 0.999) \ ol —
=) Cutoff angle: 1074 102 10Y
oo s (pe)
Data taken from
El-Badry et al. [2101.05282]

1 Total: 1817594 pairs

Edward D. Ramirez (Rutgers University) Constraining Dark Matter Substructure with Gaia WBs Pheno 2023 5/9/2023



Completeness and Purity Cuts
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Binaries Sensitive to Subhalos
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Binaries Sensitive to Subhalos

AStellar Halo
Age m 10 Gyr
Sparse baryonic matter

—— Globular clusters

-

N Stellar halo

European Space Agency
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Binaries Sensitive to Subhalos

AStellar Halo
Age m 10 Gyr
Sparse baryonic matter

AAdvantages of population

7Globular clusters Interact with subhalos for the

highest amount of time

Encounters with baryonic
matter will have lesser effect
on limits

N Stellar halo
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Binaries Sensitive to Subhalos

AStellar Halo

300 DiSk,-_likC- Age m 10 Gyr
g Intermediate .
2z Halo-like Sparse baryonic matter
< 200 AAdvantages of population
% Interact with subhalos for the
+ highest amount of time
=100 Encounters with baryonic
] matter will have lesser effect
j on limits
0 S S 2.
~300 ~150 Selection Cut:
V (km/s) v; > 85 km/s
Tian [1909.04765]
(Gaia DR2) d <700 P

Edward D. Ramirez (Rutgers University) Constraining Dark Matter Substructure with Gaia WBs Pheno 2023 5/9/2023



Result of Cuts
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Modelling Binary Evolution
ASingle Binary, Single Subhalo

Ramirez et al. [2209.08100]
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Modelling Binary Evolution

ASingle Binary, Single Subhalo
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Modelling Binary Evolution
ASingle Binary, Single Subhalo

ASingle Binary, Many Subhalos
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Modelling Binary Evolution

ASingle Binary, Single Subhalo

ASingle Binary, Many Subhalos

Random encounters lead to random evolution
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Modelling Binary Evolution
ASingle Binary, Single Subhalo

ASingle Binary, Many Subhalos
Random encounters lead to random evolution
Generally, binaries widen with time and may eventually be destroyed
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Modelling Binary Evolution

ASingle Binary, Single Subhalo
ASingle Binary, Many Subhalos
AMany Binaries, Many Subhalos
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Modelling Binary Evolution

ASingle Binary, Single Subhalo
ASingle Binary, Many Subhalos
AMany Binaries, Many Subhalos

Evolve each individual binary as in previous case
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Modelling Binary Evolution

ASingle Binary, Single Subhalo
ASingle Binary, Many Subhalos
AMany Binaries, Many Subhalos

Evolve each individual binary as in previous case

AMonte 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

APerturber Population
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Setting Limits
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Setting Limits

AFrom data and prediction,
Likelihood Function
Posterior Distribution

Probability Density (pc™!)
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Setting Limits

AFrom data and prediction,
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Setting LImIts

AFrom data and prediction, 0 943+0.050
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Limits on Uniform-Density Subhalos
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Limits on Uniform-Density Subhalos

Vary Size
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Limits on Uniform-Density Subhalos
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