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EXPANDING THE FRONTIERS OF SPACE ASTRONOMY

Enabling Data Science at MAST

Josh Peek for MAST |
STScl Town Hall
AAS 240 Pasﬁa




Data science, including applications of machine
learning, will play an increasing role In
astronomical research over the coming decade.
Incorporating training in this area at the
graduate level and beyond will better prepare
researchers regardless of whether they pursue
careers In astrophysics or in other STEM fields.

Pathways to Discovery in Astronomy and Astrophysics for the
2020s



MAST as a library: a place for data, tools, teaching, & gathering
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The TIKE is live now!

https://timeseries.science.stsci.edu

A JupyterHub platform for exploring TESS, Kepler & K2 timeseries data

Provides tools for accessing MAST AWS Open Data

Full of notebooks and software for this kind of exploration


https://timeseries.science.stsci.edu/

The TIKE is a full, free-to-use software environment for everyone

: File Edit View Run Kernel Tabs Settings Help
M L C | data-access.ipynb X Terminal 1 X %
Markdown v F :
Q Al Gl — e OV LII_LUIBCLPJ—I\CLI L UG\ I 1 A Lld \ Ly | | r Q2UCC . . . . .
‘:' pixelfile = search[0].download(download_dir=".") Requirement alrea@y satisfied: matplotlib in /opt/conda/envs/tes 5
™/ s/lib/python3.8/site-packages (from healpy) (3.5.1)
. . Requirement already satisfied: numpy>=1.13 in /opt/conda/envs/te
Name N Last Modified Again, the call to Astroquery's enable_cloud_dataset() ss/lib/python3.8/site-packages (from healpy) (1.21.6)
— : function is key to ensure that data is downloaded from AWS Requirement élready satisfied: scipy in /opt/conda/envs/tess/lib
B8 Desktop 21 minutes ago i . /python3.8/site-packages (from healpy) (1.7.3)
rather than MAST. This works because Lightkurve uses Requirement already satisfied: astropy in /opt/conda/envs/tess/l
% B spaceteles... 3 months ago Astroquery behind the scenes. ib/python3.8/site-packages (from healpy) (5.0.4)
B8 tike content 3 months ago Requirement already satisfied: PyYAMIL>=3.13 in /opt/conda/envs/t

ess/lib/python3.8/site-packages (from astropy->healpy) (6.0)
Requirement already satisfied: pyerfa>=2.0 in /opt/conda/envs/te
ss/lib/python3.8/site-packages (from astropy->healpy) (2.0.0.1)
Requirement already satisfied: packaging>=19.0 in /opt/conda/env
S3-hosted data can also be accessed in a more direct way s/tess/lib/python3.8/site-packages (from astropy->healpy) (21.3)
Requirement already satisfied: python-dateutil>=2.7 in /opt/cond
a/envs/tess/lib/python3.8/site-packages (from matplotlib->healpy
example, a useful tool to explore data in S3 is the AWS ) (2.8.2)

Requirement already satisfied: kiwisolver>=1.0.1 in /opt/conda/e
nvs/tess/lib/python3.8/site-packages (from matplotlib->healpy) (
platform and can be executed from a Terminal window (FILE > 1.4.2)

Requirement already satisfied: fonttools>=4.22.0 in /opt/conda/e
nvs/tess/lib/python3.8/site-packages (from matplotlib->healpy) (

3. Using the AWS command-line tool

using the standard tools available to work with AWS. For
command-line interface. This tool is pre-installed on the TIKE

NEW > TERMINAL) or from a Jupyter notebook (by prefixing it

with the ! character). 4.32.0)
Requirement already satisfied: cycler>=0.10 in /opt/conda/envs/t
For example, we can list the contents of the TESS data held ess/lib/python3.8/site-packages (from matplotlib->healpy) (0.11.
. . 0)
in the public MAST S3 bucket as follows: Requirement already satisfied: pyparsing>=2.2.1 in /opt/conda/en
vs/tess/lib/python3.8/site-packages (from matplotlib->healpy) (3
.0.8)

I . i — - ] —
taws s3 1s s3://stpubdata/tess/public/ no-sign-requ Requirement already satisfied: pillow>=6.2.0 in /opt/conda/envs/

tess/lib/python3.8/site-packages (from matplotlib->healpy) (9.1.
The data in this bucket follow a specific directory structure 0)
Requirement already satisfied: six>=1.5 in /opt/conda/envs/tess/
lib/python3.8/site-packages (from python-dateutil>=2.7->matplotl

and file name convention (documented here). For example,

the TESS Sector 11 data products for Proxima Centauri (also ib->healpy) (1.16.0)
known as TIC 388857263) are available at the following Installing collected packages: healpy
] Successfully installed healpy-1.15.2
location: (tess) jovyan@notebook:~$ pip install healpy
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Name - Last Modified
BB Desktop 3 minutes ago

BB spacetelescope-notebooks

BB tike_content

Simple 0 2 {a}

3 months ago

3 months ago

M Introduction.md X M science-examples.md X %
Example science tutorials

These tutorials are specific to a particular science case and show how to use the MAST programmatic interface and the
JupyterHub science platform to do research. The links on this page may only work within the TIKE platform, but you can find
external links to the notebooks in GitHub here: Example science tutorials (GitHub).

NOTE! In order for these notebooks to access the expected packages in TIKE, you may have to switch to the TESS kernel after
you open them. You can do this either by using the dropdown menu at the upper right of the notebook, or in the top JupyterLab
menu (Kernel > Change Kernel...).

Science with TESS

e Beginner: Read and Plot A TESS Data Validation Timeseries File

e Beginner: Read and Display a TESS Full Frame Image

e Beginner: Read and Plot A TESS Light Curve File

e Beginner: Read and Display A TESS Target Pixel File

e Beginner: Search The TESS Input Catalog Centered On HD 209458

e Beginner: A Tour of the Contents of the TESS 2-minute Cadence Data
» Beginner: Cutout of the TESS FFls using Astrocut and Astroquery

e Intermediate: Search and Download Gl Program Light Curves

» Intermediate: Create TESS FFI Cutout using Python Requests

Science with Kepler & K2

Beginner Notebooks

» Using Kepler Data to Plot a Light Curve

science-examples.md
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The TIKE accelerates Big Data analyses with the cloud

Time to retrieve 30 TESS images (FFIs)

Where you are Where you get the Time
data
Home Wil Baltimore 14 minutes
Home Wifi Cloud 6 minutes
TIKE Baltimore 1 minute
TIKE Cloud 9 seconds
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Learn More about TIKE from the crea

Access MAST Data in AWS TIKE JupyterHub Platform uickly Visualize and Analyze Light curves

Available NOW- A File Edit View Run Kernel Tabs Selting Help

¥ Introduction.md X [A data-access.ipynb ¥ [Al Untitledl.ipynb

MAST AWS Open Data are free to access with no _ CoC - - S
AWS account needed! Log in with your MyST Account s o g e dtes are reriee 1o e

Name - Last Modified | Observations.enable_cloud_dataset(provider="AWS")

Run 20+ pre-installed software packages | = oo v | imort Uihtiarss o 1

high-speed * [/ Untitled.ip... 17 minutes ago search = lk.search_lightcurve("Polaris", mission="TE55")
| 1c = search[@].download({download_dir=".")

read access Com pute‘ near e — INFO: Using the S3 STScI public dataset [astroguery.mast.cloud]
Try Tutorials and example notebooks 1" R T W) S T

'B + X B [ » m ¢ » Cods & TESS Environment O

Cut Out TESS FFI Cubes in the Cloud

tike_content/co - JupyterLab b

L : Get Help and Give Feedback

File Edit View Run Kernel Tabs Settings Help

M Introduction.md X Untitled1.ipynb . _ . . .
B B+ %X BN &8 & 8 o Ema_ll archwg@stlscpedu (o] ﬁ_le an archive helpdesk ticket at

Target ID: None, Cadence: 0 [1]: import lightkurve as 1k

¥ Introduction.md ® | [ tesscut-in-the-cloud.ipyi  # Untitled.ipynb X : [2]: k. SEEFCh_lightEurue("Polar‘is", mission="TESS").download() -Plﬂt( i Z Fie Edit View Run Kermel Tabs Settings Help

B+ XD O » =8 ©c » Code bd & TESS Environment O " !Intmdumhn'm

%107

— TIC 303256075 Filte y name a
M | tike_content { content / Welcome to TIKE!
Name Last Medified |
[ data-access.ipynb 22 days ago The Time series Integrated Knowledge Engine (TIKE) enables you to analyze data from NASA's
TESS and Kepler missions without installing or downloading anything on your own computer.
You can dive right in by opening a new Python notebaok via the top menu (FILE » NEW »
NOTEBOOK) or you can use the links below to learn more.

: import astrocut #prototype s3-support bramch included in TIKE
from astropy.coordinates import SkyCoord
target_crd = SkyCoord. from_name("Polaris”)
sector, camera, ccd = 4@, 4, 2
cube_file = f"s3://stpubdata/tess/public/mast/tess—s{sector:84d

Pixel Row Number

1 # 53 feature requires nest_asyncio te work in a notebook
import nest_asyncio

M extra-software.md 22 days ago
nest_asyncio.apply()

M Introduction.md 15 days ago |
from astrocut import CutoutFactory

factory = CutoutFactoryi)

factory. cube_cut{cube_file, "] Qutput View
coordinates=target_crd,

M news.md 22 days ago
¥ science-examples.md 22 days ago B What is TIKE?

M software-instalied.md 15 days ago - y
cutout_size=25, e s L H ' What software is pre-installed?
target_pixel_files"astrocut-result.fits") x10 [A] tesscut-in-the-cloud.ipynb 22 days ago

1.370 \ ¥ what-is-tike.md 15 days ago # How to install extra software?

Flux [e~s71]

. import lightkurve as lk

tpf = lk.read({"astrocut-result.fits") e | | I [ f & How to work with data in the cloud?
ax=tpf.plotl); f = ax.get_figure() ; f.dpi=38@ o ! I | | | b 1 i 3 1 |
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We developed Hello Universe to make ML more accessible Iin astro

Upcoming large and rich data sets will require astronomers to develop fluency in data
science methods. Hello Universe addresses this need by providing:

» Data:reliable high level science products (HLSPs) that are appropriate for testing
and benchmarking new machine learning algorithms.

» Code: pedagogical, always working Jupyter notebooks that provide a step-by-step
example of how to apply machine learning (ML) to the data.



Classifying
JWST/HST galaxy
mergers with CNNs

neural networks ‘ 2d data .
classification | overfitting
confusion matrix

Read More
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Classifying TESS
stellar flares with
CNNs

neural networks ‘ 1d data ‘
classification ‘ prediction

Read More

Predicting 3D-HST

redshift with
decision trees

decision trees | 1d data ‘
regression ‘ Cross-
validation

Read More

Classifying Pan-
STARRS with
(un)supervised

learning

classification | 1d data | PCA
| tSNE | k-means | SGD |
unsupervised | supervised

Read More




Classifying galaxy mergers with JWST/HST
and GNNs

This entry explores how to classify merging galaxies vs. non-merging
galaxies from multi-wavelength imaging from the James Webb Space
Telescope (JWST) and the Hubble Space Telescope (HST) with convolutional
neural networks (CNNs). This approach was used by the DeepMerge team
(Ciprijanovic et al. 2020 [f) to classify mergers in sythetic observations of
simulated galaxies. The same workflow is presented in simplifed format to
walk through the construction of the CNN model. The results are then
validated and the performance is discussed.

Data: The DeepMerge HLSP

Notebook: Classifying JWST-HST galaxy mergers with CNNs [
Released: 2022-06-12

Updated: 2022-06-12

Tags: classification, deep learning, 1d data

Example simulated galaxy images (JWST NIRCam F356W) from DeepMerge (Ciprijanovic et al.
2020 ).
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Hello Universe is already helping astronomers new to ML

Producing Synthetic Galaxy Images

> 0:00/0:42 o=

Below is an example synthetic galaxy image, we focused on
galaxy m12i of the Latte suite in this study.

OPEN

v

Source Extractor finds Potential Clusters

» 0:00/1:17 =

Below is an example of potential star clusters identifed using the

Friends of Friends algorithm, Source Extractor (Bertin & Arnouts
1996) and visually.

Synthetic Galaxy Star Cluster Catalog

We use machine learning to successfully classify
over 35,000 potential star clusters identified in
synthetic galaxy images,
than humans could at a

The above table shows how our CNN classified the

~35,000 potential star clusters generated from all
555 synthetic images.

OPEN

v

Human Generated Training Set Labels

» 0:00/1:26 =

A CNN trained on human generated labels can only be as
accurate as the labels it is given.

Following Grasha et al. 2015, each potential star cluster

indentified by Source Extractor could be labeled as 1 of 4 classes.

OPEN

v

Convolutional Neural Network

» 0:00/1:20 o

We developed our own CNN because StarcNet (Perez et al.

2021), a publicly available CNN architecture, was designed with
observational data in mind.

StarcNet vs Manual Classification

B Manual [ StarcNet
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