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Simulation Based Inference

-Simulation Based Inference (SBI) is a statistical framework for inference where traditional analytic
methods are impractical. (Cranmer+2020)

- SBI can estimate the posterior distributions when likelihood functions cannot be explicitly defined.

*Must be able to produce and forward model many simulations with the output as observable
summary statistics / measurables.

-This approach relates the choice of simulation parameters, ¢/, to the observed data, Dobs.
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Simulation Based Inference: A simple example




Simulation Based Inference: A more complicated example

¢ Generally, models/data are not 1-D & require exploration of large/complex parameter spaces.

¢ Use simulations to learn the posterior using a density estimation algorithm, e.g., normalising flows.
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No need to explicitly define a likelihood functlon.

Posterior evaluation is amortised.
Able to bridge the fidelity gap between low and high resolution simulations

Allows rapid exploration of large model parameter spaces.






Modelling the Milky Way & Large Magellanic Cloud

# Simulations with unique parameter values = 128,000

The Milky Way 0 = (Vewel Lo Panex }

0 = {Mymc> dme> Xomcs Vime) apex> Yapex

-

The LMC 0= {M2OO,MW’ Co00}

ADF

Can SBI with low-fidelity MW —LMC models capture more complicated models? + real data?



Upscaling fidelity: Deforming MW —LMC simulations

Basis Function Expansions  p(&61) =) Au(Deu(®), ®(x,1) = > Au()gu(x),
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* Deforming models allow dark matter to
redistribute itself.

* Described by basis function expansions.

- Much more computationally expensive
to run.

- Can we leverage our simpler set-up +
SBI to capture the dynamics of these
tailored simulations?

Garavito-Camargo+198&21



Upscaling fidelity: Deforming MW —LMC simulations

Garavito-Camargo+19 fiducial model
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Upscaling fidelity: Cosmological MW —
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~<This'is the flrst appllcatlon of SBI to the dynamlcs of the MW LMC mteractlon

-We release a set of 128 000 unlque Iow fldellty MW LMC S|mulat|ons mcludlng a B :
stellar halo, varymg parameters such as MMW, MLMC&/IDF i i

*We valldated our SBI |mplementat|on on a S|mpte Iow fldellty MW LMC model

-We can upscale to hlgh fldellty deformmg and cosmologlcal MW LMC S|mulat|ons |
' using SBI + Iow fldellty MW LMC models ~ P | —

~ +This WI|| allow rapld exploratlon of Iarge model parameter spaces at a fractlon of the
Computatlonal cost re'quwed to run the higher fldellty simulations. |

‘_-We are applylng thls to observed data from e.g., H3, DESI, Gaia, to infer propertles of :

.‘_-wtheMWand LMC' e | L = ,

.. " Credit: ESA Gaia .Missi-o'h
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Simulation Prior Distributions

Table 1. Simulation model parameter prior distributions.

Model Parameter Prior probability distribution
M>00,Mmw N(15,5) x 10" M
Miymc N(15,10) x 10'°M
log;(ADF) UC-3,1)

aLMC U(60°,90°)

SLMC U(-80°,-50°)

di.mc N(49.6,5) kpc

Vios N(262.2,10) kms~!
JTPo N(1.9,0.25) masyr~!
JTR . N(0.33,0.25) mas yr~!
Bo U(0,0.9)

Dehnen U((10, 15) kpc
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Validation: On a simple MW —LMC simulation
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* We select a random simulation from
our sample of 128,000.

* We take the “observed data” as
some of its true simulation
parameters.

- We estimate the MW mass, LMC
mass and dynamical friction
strength posteriors.



Upscaling fidelity: Deforming MW —LMC simulations

MSBI [X 1010 M@]

—_

(@) )
S

@)
e




Coverage probability check Posterior Predictive Check =

#  Rigid simulation

Deforming simulation -
Garavito-Camargo+19

Cosmological simulation -
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