National Science Olympiad Astronomy 2024 Event
Stellar Evolution: Star Formation & Exoplanets

Supported by NASA’s Universe of Learning (UoL)Informal STEM Outreach Network



NSO ASTRONOMY Event 2024

1. DESCRIPTION: Teams will demonstrate an understanding of Stellar Evolution: Star Formation & Exoplanets.

A TEAM OF UP TO: 2 APPROXIMATE TIME: 50 minutes
2. EVENT PARAMETERS:

a. Each team may bring one of the following options containing information in any form and from any source: a
computer/tablet and a three-ring binder, two computers/tablets, of any kind, or two three-ring binders.

b. If three ring binders are used, they may be of any size and the information contained should be attached using the
available rings. The information or pages may be removed during the event. Sheet protectors and laminated sheets are
allowed.

c. Each team may bring two stand-alone calculators of any type. If the participants are using a computer/tablet they
may use the calculator app or other program on their device in place of a stand-alone calculator.

d. Participants using computers/tablets as a resource should have all information stored so that it 1s available to them
offline. However, teams may be asked to access a dedicated NASA image analysis website to answer some JS9
questions. If so, supervisors will provide an alternative (e.g., proctor-supplied computer) for teams that did not bring a
laptop/tablet.

3.THE COMPETITION: Using information which may include Hertzsprung-Russell diagrams, spectra, light curves,
motions, cosmological distance equations and relationships, stellar magnitudes and classification, multi-wavelength
images (gamma-ray, X-ray, UV, optical, IR, radio), charts, graphs and JS9 imaging analysis software, teams will
compete in activities and answer questions related to:




a. Stellar evolution including stellar classification, spectral features and chemical composition, luminosity, blackbody
radiation, color index and H-R diagram transitions, H I/II regions, molecular clouds, proto-stars, Herbig-Haro
Objects, T Tauri variables, Herbig Ae/Be stars, planet formation, brown dwarfs, protoplanetary disks, debris
disks, and exoplanets including but not limited to gas giants and terrestrial planets.

b. Use orbital mechanics, Kepler’s laws, rotation and circular motion to answer questions relating to the orbital
motions of planetary systems; use parallax, spectroscopic parallax, and the distance modulus to calculate distances
to stars and planetary systems; use the radial velocity, transit, and direct imaging methods to determine properties
of exoplanets, use the radiation laws to answer questions relating to planetary surface temperatures and
habitability.

c. Identify and answer questions relating to the content areas outlined above for the following objects: Carina
Nebula, NGC 1333, TW Hya, HH 7-11, AB Aurigae, HD 169142, Luhman 16, V830 Tau b, V 1298 Tau b,
WASP-18b, WASP-39b, WASP-43b, and systems: HR 8799, Beta Pictoris, 2M 1207, TRAPPIST-1.

4. SCORING: All questions will have been assigned a predetermined number of points. The highest score wins.
Selected questions will be used to break ties.

THIS EVENT IS SUPPORTED BY NASA’s Universe of Learning STEM Literacy Program



Deep Sky Objects

1. Carina Nebula — Star Formation Region

2. NGC 1333 — Star Formation Region

3. TW Hya — Pre-Main Sequence Star — Classical T Tauri
4. HH 7-11 — Pre-Main Sequence Star — Herbig Haro

S. AB Aurigae — Pre-Main Sequence Star — Herbig Ae

6. HD 169142 — Pre-Main Sequence Star — Herbig Ae/Be

7. Luhman 16 (A & B) - 2 Brown Dwarfs
8. 2M1207 System — Brown Dwarf & Gas Giant

9. V1298 Tau b — Gas Giant

10. WASP-18b — Gas Giant

11. WASP-39b — Gas Giant

12. WASP-43b — Gas Giant

13. HR 8799 System — Gas Giant

14. Beta Pictoris System — Gas Giant
15. TRAPPIST-1 System — Terrestrial



The Carina Nebula (NGC 3372) Star Formation Complex

Reflection, Emission, Dark Nebulas & Molecular Clouds




Molecular Clouds — AKA Dark or Absorption Nebulas




Molecular Clouds & Bok Globules:

Carina Nebula Details HST-ACS/WFC




Nebula

1mna

The “Mystic Mountain” in the Car




Multiwavelength Star Formation




NGC 1333 Star Formation Complex




Pre-Main Sequence Stars: Classical T Tauri & Herbig Ae/Be

H-R Diagram
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Protoplanetary Disks and Protostars







Formation of a Protoplanetary Disk Around a Sun-sized Star







Debris Disks & the Solar System
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Pre-Main Sequence Star: TW Hya — Classical T Tauri

A Light Curve for TW Hydrae

Normalized Broadband Optical Flux




Pre-Main Sequence Star: HH 7-11 — Herbig-Haro Object
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Pre-Main Sequence Star: AB Aurigae — Herbig AE

The Light Curve of AB Aurigae
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Pre-Main Sequence Star: HD 169142 — Herbig Ae/Be

2015-05-03

Size of the Solar System

«— Forming planet""“x.“_

" _"

Planet-induced spiral




Brown Dwarf Binary System: Luhman 16 A & B
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Brown Dwarf & Planetary Companion: 2M1207 System
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Gas Giant: V1298 Tau b
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Gas Giant: WASP-18b

HOT GAS GIANT EXOPLANET WASP-39 b
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Giant: WASP-39b

HOT GAS GIANT EXOPLANET WASP-39 b

TRANSIT LIGHT CURVE

NIRSpec | Bright Object Time-Series Spectroscopy
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Gas Giant: WASP-43b

20110507

Relative Flux




Gas Giant: HR 8799
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Gas Giant: Beta Pictoris System







Terrestrial Planet System: TRAPPIST-1










Radial Velocity 913 _ 48 Timing Variations

Microlensing 129 m 1 Disk Kinematics




- EXOPLANET EXPLORATION
.~ )0 Planets Beyond Our Solar System

@ What is an Exoplanet? The Search For Life Discovery Explore

5 Ways to Find a Planet

RADIAL VELOCITY \

Watching for Wobble
1036 planets discovered

TRANSIT

Searching for Shadows
4079 planets discovered

DIRECT IMAGING

Taking Pictures
6¢ planets discovered

GRAVITATIONAL MICROLENSING

Light in a Gravity Lens
200 planets discovered

ASTROMETRY

Minuscule Movements
2 planets discovered

More For Scientists

5 Ways to Find a Planet %
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Methods of Detection for the DSO Exoplanets

WASP 18b WASP-39b WASP 43b Luhman 16 HR 8799
Transit Timing Transit Timing Transit Timing Astrometry Direct Imaging
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Radial Velocity (Doppler Spectroscopy)

Radial Velocny Method

The star and planet orbit their common center of mass.-

Spectral lines move Spectral lines move
towards the red as the star : towards the blue as the
travels away from us. e - star travels towards us.
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Transit Photometry — Transit Timing

no eclipse partial eclipse total eclipse partial eclipse no eclipse

exoplanet
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Transit Light Curves
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Transit Timing







Transit Photometry — Transmission Spectrum




Direct Imaging — Circumstellar Disks

=

= -

STIS

=
Slze of Pluto's Orbit

Solar System to Scale

Beta Pictoris HST « WFPC2 « STIS

PRC98-03 + January 8, 1998 - ST Scl OPO
A. Schultz (Computer Sciences Corp.), S. Heap (NASA Goddard Space Flight Center) and NASA




Blackbody Radiation Curves

Bodies radiating at similar

Stellar Radiation Laws:
PlaHCk,S Law £ Surface of the sun: 6000 K
Carbon arc lamp: 4000 K
Wien,s LaW \ Lamp filament max.: 3000 K
Stefan-Boltzmann’s Law

Intensity

12,000 WIEN'S LAW
K A
Temperature (K) = 2,898,000 < e ===
divided by Max. Wavelength Emission (nm) Ultraviolet Infrared
Wavelength

T= 2.898 X 10° Stefan-Boltzmann Law

A
A emissivit
radiated _ . )’ Surface; area

=

£
1] 500 1000 500 2000 / 4
WavelengTh {(nm) ——— «— TempK) P — ea AT
As Black Body heats, Max. Wavelength Emission shorfens
& Energy Radiated increases at all Wavelengths.
Stefan-Boltzmann constant Tempeltature

Ao = 2.9x107 /T




Spectra

Logarithmic brightness
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Basic Equations and Relationships
The Distance Modulus: M = m - Slog;, (r)

10
Kepler’s 3" Law: (M, + Mg) =2’
pZ

v=d ; a=v ; 2mra=vP ; F.=ma, ; a.= v2=ro?
t t §

Small Angle Formula: D = ad
206,265

1 pc = 206,265 au = 3.26ly = 3.08 x 10'°m
1°=60 arcmin =60" ; 1" =60 arcsec = 60"

. . B - o s £
Eq“l]lbrl“m Temperat“re '.t""." = ff:]'ll n.",,]_ I\.' ji_;

Inverse Square Law: L=1/r* equilibrium temperature
Circumference, Area, Surface Area, and Volume of a Sphere



JS9 Image Analysis Tools
Light Curve
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Resources

YOU CAN HELP JWST
STUDY EXOPLANET>

Dr. Rob ZeILe:m i |

. Phil Lamarr s

https://www.universeunplugged.org/series/nso-webinars
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JPL  Careers Education Sclence & Technology

M JetPropulswnLaboratory About JPL Galleries  Events  Visit Topics Q

Institute of Technology
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EXOPLANETS

JPL's Search for New Worlds

MISSIONS ALL EXOPLANET Mis

https://www.jpl.nasa.gov/topics/exoplanets



Resources

WEBB

SPACE TELESCOPE

Astronomy Picture of the Day

pembes 4

Crguus: Bubble and Crescent

Cradi & Copy h A Hart

Sour Sky Surprise:

https://apod.nasa.gov/apod/astropix.html

CHANDRA #*.

X-RAY OBSERVATORY NASA's flagship mission for X-ray astronomy.

About Chandra | Education [ Field Guide | Photo Abum | Press Room
Accessibilty: [ » -

Data Sonification: Sounds from
Around the Universe

4 By turning Chandra and other NASA
4 images into sounds, our project
allows you to “listen” the data of
exploding stars, black holes and
mare.

Planelarums

SAGITTARIUS A*:

Milky Way's Central Black Hole Woke Up

200 Years Ago, NASAs IXPE Finds
New data from IXPE has provided evidence |
that our Milky Way's supermassive black |

hole, Sagittarius A",

had an outburst about 3

200 years ago after devouring gas and dust

within its reach..
More (21 Jun 23)

Video Series

Discover recent updates of
tne most exciting Chandra
science in video and audio
formats.

https://chandra.si.edu/
https://chandra.si.edu/edu/olympiad.html

https://chandra.si.edu/edu/UTexas Astro Invitational.pdf
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https://www.soinc.org/astronomy-c



National Astronomy Event Supervisors:
Donna L Young — dlyoung.nso@gmail.co

Tad Komacek, Ph.D. — tkomacek@gmail.com
Aditya Shah — adityashah108@gmail.com
Connor Todd — cwtodd@umich.edu

Robert Lee — robertyl@g.ucla.edu

Rules clarifications:
available at www.soinc.org under event information

Event Preparation:

1. Focus on the Event Rules for content and resources.

2. Check the NSO and Chandra websites for resources, which will be posted throughout
the tournament year — webinar summaries of content and resources, talks from
NASA content specialists in stellar evolution and exoplanets, as well as tests from
invitationals to use for practice. The portal for JS9 is on the Chandra website.

3. Use the links and resources provided with the three previous slides to study the
content and DSOs.

Enjoy the Journey!


mailto:dlyoung.nso@gmail.co
mailto:tkomacek@gmail.com
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