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* Phenomenology/high-ener

y experiment has

been an early adopter of machine learning.

* \We have vast, complicated datasets, within

which Is buried some small signal.

* Forced us to iInnovate to find new ways to
classify events, identify anomalies, and

generate simulated data.
* Astrophysics is also In an era of

SIg Data
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* Facing similar issues as pheno, but with some .}~ 'WN'
new twists s oL | I il .
' T '%'
: : S il
* \What technigues can we transfer over to this E ﬁ i
related field? o 45 and many more
» What can we learn from solving astrophysical -
problems?

éGEANT =5.0 GeV éGEANT =10.0 GeV éGEANT =19.9 GeV éGEANT =49.7 GeV éGEANT =94.3 GeV
Ecaloriow = 5.0 GeV'  Ecaloriow = 10.0 GeV Ecaloriow = 19.8 GeV Ecajoriow = 49.8 GeV Ecaloriow = 94.2 GeV



* The Milky Way Is bullt from the merger of smaller objects.

 Compact collections of stars (dwarf galaxies & globular

clusters) get tidally stripped during infall and for
streams before becoming well-mixed with the

stream’s orpit.

M stellar

nalo.

* Provide a probe into the Galactic potential through the

e Give a glimpse into the Galaxy’s merger history.

e Can reveal dark matter substructure through

gravitational interactions with the stream itself.

Stellar stream in a smooth galaxy

Stellar stream in a clumpy galaxy

MilkyWay@Home

Bonaca et al. (2014)
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* (Gaia satellite measures the positions and proper
motions of ~billion stars in the Galaxy.

* Provides photometry (color and magnitude) but not
SPEecCtroscopy

e Accurate parallax distances for ~150 million stars
* Line-of-sight motion for ~/7 million stars

* A huge mine of data for the study of Galactic
substructure: including stream-finding.




* Some streams can be found by eye, or through
other surveys (DES, SDSS) and reconfirmed in Gaia.

* Automated algorithms for Gaia data exist (e.qg.

STREAMFIN

about the composition of stream stars and the
Galactic potential.
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github.com/cmateu/galstreams
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http://github.com/cmateu/galstreams

* The problem: we have data, drawn from some probability distribution P(Z|m)

/ T~ one “feature”

features to condition on

(position, velocity, color, etc)

* [he signal and background probability distributions are different:
P(x\m) = aPse(|m) 4+ (1 — a) Poke (Z|m

* [he optimal parameter for distinguishing signal from background is the ratio

P —>
R(x\m) = ﬂ_?,n
Pixe (Z]m

» Signal dominates wherever R(x|m) > 1.

* The problem: How do we determine both P(Z|m) and Pk (Z|m)? Especially in something as
complicated as the Galaxy.




¢ U

NSUpervised

probabillity distributions.

Normalizing flows: transform from a known distr

ate Gaussians) to the target distributior
invertible functions.

multivar
through

e ANODE (Nachman and Shih, 2020)

W
ai

e Learn the probabillity distribution with m € |m -
e 1st by training directly on the data in the region ~

nich learns a target distr
mension.

uses Masked Autoregressive Flows (MAF),
bution conditioned on one feature

Deep Learning offering new approaches to modeling

bution
the data

A : :
- =57 ] In two ways:

P(x|m

* 2nd by training outside this region, then interpolating in ~ Py, (Z|m
* Allows direct estimation of the ratio R inside this region.
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We restrict ourselves to distant stars: o < 1 mas
Available features: 2 angular positions, 2 proper motions, magnitude g, color b —r

ANODE training times grow with number of stars, so we select patches of stars within 15° of
centers that tile the sky, every star within 7° of a center. 75

* Discontinuities in probability densities cause errors In T COE CR

30

the MAF density estimate. We train on the full patch 1
and use fiducial region of inner 10° and g < 20.2
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 GD-1 is a bright stream with stellar catalogues of stream memlership (Price-whelan and Bonaca, 2018)

* Provides a good worked example for our technigue.
* Streams are concentrated in both ux and ug , with a width of a few mas/yr.
 We will pick uy as the feature m to define our overlapping search regions (SRS)

* Width 6 mas/yr for each SR, neighboring SRs separated by 1 mas/yr
An example SR

px (mas/yr)

Stars identified as likely GD-1 members by Price-Whelan & Bonaca
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Divide the sky into 15°
patches
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* Need to automate line-finding within the
e cvrapons 140,000 ROls.
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* Via Machinae reproduces the GD-1 i e R IO sl L
stream and identifies several non-trivial |
and astrophysically important structures. _ PETRR IR R SR

* SRs defined by 1y have difficulty with SRS e e
streams near 1y ~ 0, due to larger . Pwmis
number of background stars. VI {ehis ey
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